UNCLASSIFIED

AD NUMBER

AD801306

CLASSIFICATION CHANGES

TO: unclassified

FROM: secret
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JUL 1952.
Other requests shall be referred to
Defense Nuclear Agency, Washington DC.

AUTHORITY

DNA ltr, 10 Aug 1984; DNA ltr, 10 Aug 1984

THIS PAGE IS UNCLASSIFIED




&

»

——. o
»

L

e



{’i{/‘/@( F— Wov - /)

T{'1s report comsists of 11k
imary pagos) prelin-

%.36 0ot 375 eopins, s

‘RQ,«(,“V ‘j!' o

OPERATION BUSTER,
PROJECT 244b .

C(ﬁ \'HTIML RADIATIOi EFFECTS ON Pmml

PLASTICS AND COATED FABRICS,

ou—.

(19) pusrer zzz

NI

DEST 38
(2 lote,

BEST AVAILABLE GOPY
ENGINEER RESEARCH AND DEVELOPMENT TABORATCRIES
UNGLAD'S\FJED.
LS NEERM
e S _,o/(/)‘r ~



ACKNOWLEDGEMENTS

This report was prepared under the administrative supervision
of Mr. Arthur W. Van Heuckeroth., The author acknowledges the ercour-
agement and assistance of Mr, George W. Howard and Wr., Neil Dickeneon
who offered valuable assistance in the planning and preparation of
this project. Much credit is due to Capte. W. G. Kratz, and the other
members of the Special Projects Branch, for help in the actual accom-
plishment of the work both at ERDL and at the test site, Credit is
also extended to NRDL and NML for data and other information vsed in
this report,

The testing and evaluation of the plastic samples returnad to
ERDL as well as the preparation oi these samples was dme by Mr. George
Farmer, and the work on the coated fabrics by Mr. Clifford M. Brown.
The assistance of Mr. J. D, Chapman in testing and evaluatineg the
paint samples returned to ERDL is also appreciated.

- 141 - i

RESTRICTED DATA '

Sacurity nfermation ATOWMC ENERGY ACT 1946




Secarity intormation

i
#
ed

& CONTENTS

ACKNONLEDGEMENTS ¢ o o o o o o o o o o o o 1i1

A.BSTRACT. [ ] L * [ L L] L] [ ] L] [ L ] ] L L ] L u
CHAPTER 1 INTRODUCTIONe + o o o o o o o o o 1
1.1 objectiVGSQ e e e o o o o o o 1l
1,2 Historicale o o ¢ o o o ¢ o o 1l
1.3 Theoretical Considerations . . . 2
CHAPTER 2 EXPERIMENTAL. « o o o o o o o o o 4
2,1 Preparation of Samples far Labaratory
Fvalua tion at N, . . . . 4
2,2 Premaration of Samples for Fleld Exposure 4
{ 2.3 Construction of Test Racks o« o o o 4
2.4 Experimental Plan for Field Ewxposures, 5
2.5 ERDL Evaluation of Exposed Punels . . 6
CHAPTER 3 RESULTS OF DIFFERENT EXPCSURES e o o » 7
3.1 XML Laboratory Fxposure Tests ., . . 7
1.2 Field Observations « o« o o " e 7
3.3 EHDL Labaratary Evaluation 'Desta e o+ 10
CHAPTER 4 DISCUSSION OF RESUITS. o« « o o o o o 12
A.l NML Expoeure Results . . . . . Y 12
4.2 Field Exposure Results. . « . o « 13
Lo3 ERDL Evaluation . . » . . 'S . ™ 15
4.4 Commrison of Labaratory Flux and
Field EXPOSUN Tesis . . . . - . 21
\__- - CHAPTER 5 CONCLISIONS AND RECCMMENDATIONS . o o« o 23

5.1 COHCIUSiGHS. . . . . . . . . 23
5.2 ReCOmHIdAtiOnS . . . . [ ] . L 24

BIBLImelm L] L] L] . L . L] . - * L ] L L] L J 26

> RESTRICTED DATA
Secarity ivlermsiien ATOMIC DNENGY ACT 1948




P Sl S

Ame*.. [ ] [ ) [ [ 4 L] [ ] [ ) L] L] (-] ® e - .27

A.l Preparation of Samples for NMIL, Laboratory
Tast8 o« o o o o o o o o o o o 27
A.2 Preparation of Samples fcr Field Exposure
Testsa » o o o o s e e o . * 32
A.3 Construction of Racks for Field Tests . 35

APPENDHB. [ ) L] L a [ ] [ ] o [ ] [ ] L] [ [ ] ® .38

B.l Method of Evaluating Damage to Samples
le L[] L] [ ] [ ] L] [ ] [ ] [ ] [ ] [ ] L] [ ] 38

B.2 ERDL Labora‘ory Evaluation Te;ts + .« 39

B.3 Method of Evaluating Damage to Samples
EHDL. [ ] [ ] L] L] L ] L ] L ] [ [ ] L L ] 41

APPENDIXC [ ] o [ ] ® * L] [ ] L] [ ] [ L . . . 04’

Laboratory and Field Test Data o o o o 43

TLLUS TRATIONS
CHAPTER 2 EXPERIMEN TAL

2,1 Typical Group of Panels prepared for NML
Laboratory EXposure « « o o o o o 5

CHAPTER 3 RESULTS OF DIFTFERENT EXPOSURES

3.1 Paint systems after Field Exposure at
Different Interlﬁity lLewls, . o o « 8
3.2 Plastics and Coated Fabrics Samples
After Exposure at Nifferent Intensity
I.ﬁvels . . - . . . . . . . ° Q

CHAPTER { DISCUSSION OF RESULTS

4.1 Typicai Group of Panels After Exposure
to Thermal Flux at NML, « o« . « o 14
4e2 Effect of Thermel Flux on Outside White
Paint ard a Fire Retardant Paint. . . 18
4.3 Fire Retardancy Test After Exposire

to Thermal Flux « . e« + o - 19
-vi ~
RESTRICTED el
nu-cbm:rugrurLAo Sty i’ natin




APPENDIX A

APPENDIX C

APPENDIX A

APPENDIX C

Al

C.l
Ce2

Ce3

Al

A2

A

C.9

€.10
c.11

y

Constructisn of the Racks Used For
Field Exposure . . ° . . . . . o 36

The Effect of Thermal Flux on an Alkyd
Lusterless Enamel,

The Effect of Thermal Fiux on Certain
Fibers.

The Effect of Thermal Flux on Cer‘ain
Cmied Fabrics,

TABLES

Coding of Paint Samples Prepared for NML
Testing

Coding of Plastics, Coated Fabrics and
Packafing Materials for NML Testing
Coding of Paint Samplec for Field Exposure
Coading of Plastic and Coated Fabrics
Samples for Field Exposure

Resulis of Exposure to Laboratory Thermal
Flwx on Certain Materials

Thermal and Blast Data (Field Expcsures)
Therm] Exposure Bffects, BAKER Shot
Termm1l Exposure Effects, DOG Shot 2000 ft.
Therml Exposure Effects, DOG Shot

Effect of Thermal Flux on Resistanceto
Salt S}I‘ay.

Effect of Thermal Flux on Resirctance to
Accelerated Weathering

Effect of Thermal Flux on Resistance to
High Humidity

Effect of High Humidity on Painted Panels
Exposel to a Thermal Energy of 85 cal/em
Effect of Thermml Flux on Overall Flexibility
Effect of Thermal Flux on Overall Abrasien
Resistance

- vii -

Dol RESTRCTED DATA

W™y ibermatins DERGY ACT 1948

T

;
x
2
E
4
A
1
$
i
ko




c.12
.13
C.14
C.15
C.16
C.17
c.18

C.19

RESTRICTED DATA

ATOMBC ENEAGY ACT 1948

.. .2

Sosartty information

Effect of Thermal Flux on
Hardness

Effect of Thermal Flux on
of Fire Retardant Paint
Effect of Thermal Flux on
Effect of Thermal Flux on
tffect of Thermal Flux on
Cotton Fibers

Effect of Thermal Flux on
Strength of Rubber Cam ted
Effect of Thermal Flux on
of Coated Fabrics
Camparison of the Thermal

Overall Shear
the properties

Rigid Plastics
Plastic Filme
Plastic and

the Breaking
Fabrics
the Elongation

Effacts of

laboratory Flux vs Field Exposure




ABSTRACT

e object of this project was to determine the effect of
thermal flux and other atomic blast phenomena on the service life
and use characteristics of selected paint systems, plastics and
coated fabrics currently used or proposed for use by the Corpe of
Engineers, Little or no wark has been done previcusly on eval=-
uating the effect of atom weapon phenomina on these properties,
Selected mterials were exposed to a laboratory source of thermal
flux using Navy searchlight method, with the object of establishing
a correlation between laboratory and field test results. HRepresent~-
ative paint systems, plastics and cocted fabrics were exposed t
BAKER amd DOG_shots at thermal energies ranging fram 1.6 cal,/,
to 85 cal./cw€. The samples were given a vicual inspection in’ The \
field an turned to ERDL for laboratory cocmparison with samples
retained av ERDL, to determine the effect of the exposures on the /

) physical properties of the materials, y #
hY
of tm The main conclusion3 were: \ L"l cm
N

1, That visual inspection does not always give a “rue picture
and that subsequent laboratory testing of the exposed sarples is
necessary for accurate, effective evaluation of the damage done and
the condition of the material.,

2., That certain paint systems showed different degrees of
damage when painted on aifferent kinds of motal surfaces, and that
the elfect of the kind of metal surface cn the darage to one ccating
system cannot be used to predict its effect on other coating systems,

3. That paint systems applied to metal surfaces although com=
pletely destroyed by high intensities of thermal {lux will iapart
improved rust and corrosion resistance to theso surfaces even under
high humidity conditions,

shaved a critical energy for wcod charring of seven times that of
the unpainted wood and twice that of ordinary house maint,

E 5 That the Iire retardant paint even though completely de—
stroyed Uy high thermal intensity and blas! damage gave the under-
lying mood good protection against turning that was not found in the
other paint systems,

r 4., Wood panels coated with a developed {ire retardant paint
l h u -
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65 ‘That the rigid plastics showed 1ittle damage below 18
el o/er® while most of the plastic films and fibers had a critical
onergy in a range of from 10 to 18 cal./em?,

7. Subsequent laboratory tests show thuc the damage to coated
fabrics at iniensities up to 10 cal,/ is a surface effect that
does not affect the fabric-itself, but tha‘ intensities of 18.cal./cm®
will severely damuge the fabric.

8, romparisca of laboratory thermal data (searchlight sowrce)
with field rosults rhors only fair correlation. Occasional contra=-
dictinn iz evidenced.

It is recommended thati:

1., Critical wood structures subject tc atomic blast exposure,
te coated with an adequate fire retardant paint.

2. Epoxy resin type finishes be considered for use on metal
equipment subject to these conditions,

3. That the poiyester-fiberglac type of plastic be useld where
there is a need for a rigid type piastic with a high resistance to
thermal flux.

Le That coated fabrics be flame-proofed before coating.

5, That additional data (for use in formulating better coatings
and materials for specific military requirements) be obtained on:

a, The damage done to .ie different coatings when painted
on magnesium surfaces, This is important due to the increasing use of
magnesium in the construction of airborne equipment.,

b. The effect of these pheaomena on fire retardant paint
formulated to an 0.D. or camouflage color.

c. The damage to plastic film and fibers in the critical
range of 10 to 18 cal./em?.
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CHAPZER 1

INTRODUCTION
1.1 OBJLTTVES

In the Engineer Research and Development Laboratories thermal
project, conducted in conjunction with operation BUSTER, certain
specific paint systems, plastics and coated fabrics, currently used,
or proposed for use, by the Carps of Engineers, were exposed to the
thermal effects and accampanying phenamena of an atom bomb blast.
This was done in order to study and evaluate, by scientific tests,
the effect of these exposures on the expected service life of the
different paint systems, plastics and coated fabrics and the ability
of the coating systems to protect the underlying suriaces fram ths
thermal and sandolast effects of the explosion, It is imporiant to
know to what degree these coatings will continue to protect the squip-
ment fram normal weathering conditions after exposure to tliess
phenomena, This will determine the necessity and/cr dcsirability of
removing the exposed material and replacing it with new material,
7L will also indicate any need for better, more resisiant coatings
or mterials,

1.2 HISTORICAL

The total energy.in cal/cm® and delivery time, as well as
intensities in cal/cmz/sec delivered at various dlstanoes are the
quantities on which thermal eoffects depende Such a small number of
measurements have been made thus far, as evidenced by the repcrts
SANDSTONE and GREENHOUSE, that only general conclusions and predictims
can be drawmn fram previous tests,

A large amount of work by various members of the protective coat~
ings industry has been done on the ewaluation of the different patnf
systems, plastics and coated fabrics for ordinary usage. Mattiello
gives a very good discussion of the various laboratory tests and their
correlation with field tests results. F. F. LaQue? of the International
Nickel Company is doing extensive wark on the corrosion of metals and
netal mrotective systems, Considerable work has been done by Miller3
at ERDL in the development of fire retardant paints and paint systems,
Isano oil was found to be effactive in one formulation., A study of
literature, however, fails to reveal significant information on the
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effect of thermal flux or other atomic weapon phenamena on these
materials, No evaluation of the effects of these phenomena on
the service life or use characteristics was found. When operation
BUSTER was proposed, it was suggested by the O0ffice, Chief of
Engineers that a project be set up to secure information on these
thermal effects. The unswers to the following questions were
desired:

(r) What is the expected service life of these coatings and
other mterials after exposure to the effects?

(b) To what degree are their protective properties and/or use
characteristics impaired?

(¢) In what specific characteristics do the materials fail?

(d) cCan an improved coating or other material be developed
that will overcome these failings?

(e) Will the ¢. ting give adequate protection to the under—
lying surface under forseeable conditions?

Work has been dcne by other laboratories in this and previous
operations in exposing various materials to atomic phenomena and
studying these effects, but little nas been done in evaluating the
effect of these phenomena on the service life of paint systems and
other materials used specifically by the Corps of Engineerse.

1.3 'MEORETICAL CONSIDFRATIONS

An impartant difference between an atomic and a conventional
erplosion is that the energy liberated per unit mass is much rreate:x
ard the temperature attained is much higher in the former case, with
the result that a larger proporticn of the energy is liberated as
thermal radiaticns,

The characteristics of the thermal radiations from an atomic
explosion as derived from theoretical considerctions are discussed
in same detail in the "Effects of Atomic Weapons®, According to
theory, approximately one third of the total energy released is
emitted as thermal radiation. At about 0.1 millisecond after tha
detonatian, the fire ball consists of an isothermal sphere of about
50 feet radius and having a temperature of abaut 300,000 © K. From
theoretical considerations, it may be assumed thal the fire ball
amits essentially black-body radiation,

-2 -
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Before the cnaracteristics of the thermal energy received at any
dis tance from the firc ball can be estimated, it is necessary to
correct for atmospheric attenuation beth by the undisturbed atmosphere
present at a distance from point zero, and by the abnormal atmosphere
produced around point zero by the detonation itself, At the present
time, it must be said that sufficient uncertainties still exist on
theoretical grounds; to render of limited value, quantitative calcula-
tions of the characteristics of thermal energy received at any distance
from point zero, Physical mearurements in actual field operations
are needed to correlate and check the theoretical calculations. Theze
measurements are made with calorimeters and passive irdicators, The
calorimeters measure the total integrated energy while passive indi-
cators, svch as certain textiles, plastics anil other materials, mea-
sure only the effective flux, that is, the flux that will initiate
and sustain damage.

The intense ultraviolet radiations emitted in the first milli-
second of the detonation is only a small fracticn of the total energy
relcased and will not in itself produce visible damage; however, it
may set up photochemical or other reactions that could affect the
service life of the materials. To evaluate this condition and the
other thermal effects, as well as the other phenomena, identical
unexposed panels were concurrently evaluated at ERDL. This service
evaluation of identical exposed and unexposed samples show the differ-
ences which are attributable to the effect of atomic weapon phenomena,
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CHAPTER 2 ‘

EXPERIMENTAL

2,1 NAVAL MATERIALS LABORATORY EVALUATION TESTS

A series of paint systems, plastics, coated fabrics, and pack- |
aging mterials were premared for exposure to the NiL laboratory
source of thermal flux,

Tables A.l and A.2, Appendix 4, lists the samples submitted.
A description of the method of preparation of these samples is also
included., These samples were subjected to =xposure to therml flux
by the laboratory searchlight method as described in NML BUSTER
repart No. WT311l, In this method the beam of a 24 inch Navy ¢=arch-
light is directed to a receiving mirror which concentrates the energy
at a focai point, The sample is made to pass through this focal
point at a constant acceleration or deceleration, with the total
energy 7d time of exposure determining the amount of thermal flux
at any point, The energy level is determined by placing calibration
strips along the side of the sample and converting the speed of
traveL into thermal energy in calories per square centimeter,
Photograph 2,1 shows typical samples mrepared for this exposuree.

2.2 PREPARATION OF SAMPLES FOR FIELD EXPOSU.E

Selected print systems including alkyds, phenolics, epons,
vinyls and a recently develcped fire retardant paint, were applied
to stesl, aluminum and wood surfaces. Representative samples of
plastics and coated fabrics were also included. Tables A.3 and A.4
listing these mterials as well as a description of the method of
preparation are included in Appendix A, ; ’

-

2,7 CONSTRUCTION OF TEST RACKS

The test racks were desicned and built, at ERDL, for these
tests, They are inexpensive, light, but sturdy racks anchored by
steel stakes and require only 6 to 8 min hours to erect in the
field, The racks have detachable panel secti.ns that assure quick
easy removal of the samples to an uncontaminated area where they
may be examined at leisure. A photorraph and detailed description
of the rack are contained in Appendix A, .

-4 -
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Fige 2.1 Typical Group Of Panels Prepared For NML lLaboratory Exposure

S —

244 EXPERIMENTAL PIAN FOR FIELD EXPOSURES

My

A series of paint systems, plastics and coated fabrics were
prepared as described in paragraph 2.2 for exposure at four sta-
tions for both Baker and Dog Shots, with an extra rack for Dog
Shots The test panels were attached to the rack sections in the
camp laboratories where they were sheltered from the weather until
the afternoon before the shot, The racks were set up at the various
stations, adjacent to the Therml Line and on a radius from ground
zero, with the face of the rack oriented to receive maximum therml
energy. The stations were located at the following distances froa

' : exmected ground zero,

g M P A,
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2.441 Bpker Shot

Station 1 = 2000 feet Y ‘
Station 2 = 4000 feet ,
Station 3 = 5000 feet
Station 4 = 700C feet

242 Dog Shot

Station 1 = 5000 faet
Station 2 - 7000 feet
Station 3 - 9000 feet
Station 4 - 12000 feet
Station 5 - 2000 feet
(1 rack of paint panels)

After each exposure, the test panels were monitored for pos-
sible contamination and given a visual inspection for damage, then
returned to the camp laboratory for a more careful inspection, To
acquire informtion on the structural behavior of these light racks,
a rack with the face completyly covered by two 3' x 5' plywood
panels was set at 9000 feet on DOG Shot with the stakes just driven
imtc the ground. ’

2,5 ERDL EVALUATION OF EXPOSED PANCLS

The sample panels exposed in 2.4 were returned to ERDL for lab-

cratory evalumtion with duplicate panels retained at the labaratcries,

Tne paint samples were subjected to salt spray, accelerated weathering

and high humidity and then evaluated for flexibility, abrasion resis-

tance and shear hardness., Any differences between the two sets of E
panels was attributed to the field expcsure. The panels coated with -
fire retardant and ordinary house paint were given standard condition=-

ing, and evaluated for fire retardant properties as specified in ‘
Federal Specification TT=-P=26,

The plastics and coated fabrics were evaluated for damage, by
the usual laboratory tests of flexual and breaking strength, elongation, ‘
surface hardness, and light transmissim, A detailed description of | '
the test procedures are given in Appendix B,

-8 -
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CHAPTER 3

RESULTS OF DIFFERENT EXPOSURKS §

3.1 RESULTS OF NUL LABORATORY EXPCSURE TESTS

The results of this exposure test are shown in Table C.1,
"The Effect of Exposure to Laboratory thermal Flux on Certain
Materials "

3.2 VIELD EXPOSURE TLITS

Samples of paints. plastics, and coated fabrics were exposed
to the BAKER and DOG Shots, at four different stations, yielding ;
intensity levels varying from 1.6 to 85 cai/cm?®, Figures 3.1 and !
3.2 show typical damage to these naterials at sclected intensity
levels. It should be noted that this damape is raused by both
thermal and blast effects. Considerable thoughi was given to
methods of distim;uishing between thermal and blast damge, The
use of quartz wir7ows or electronically operated shutters were not
considered practi:al because of the number and size of the samples
to be exposed mac: their use excessive in coot. While this was
primarily a thermal effects project, the Engineers were also
interested in the actual damage, (thermal and blast), to the mteri-
als. In every case possible, the blast damage has been allowed
for in the evaluation of the thermal damage to the sample. Table
Ce2, showing the thermal flux and blast pressures, as well as
Tables C.3, C.4, and C.5, giving the results of the field exposure,
are included in Appendix C. A selective summary of these data
follows:

At 85 calories all of the paint systems were completely des-
troyed. The panels with the epoxy type finish appeared to have
small bits of paint left on the surface, while the panels with the
vinyl type finish had a greyish mat finish, The panels coated with
house mint and with fire retardant paint showed complete destructim
of the mint film and excessive sand erosion. No plastics or coat-
ed fabrics were exposed at tuis statign.

At 18 calories most of the paint systems showed charring and
blistering. The wated pine panels showed blistering with a red
colcr in the rosin srain. The coated poplar panels showed charring
but no blistering. The rigid plastics siowed little damage, while
the plastic films and fibers were destiroyed. Some of the coated
fabrics were campletely destreyed, others were nmelted and charred.

. " o b A e
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1.6 cal/cn2

Fige 3.1 Paint Samples After Field Exposure at Different Intensity Levels
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At 9.8 cal/an® the paint systems on metal panels showed some
gravel damage with the aluminum panels showing a few blisters,
The coatings on pine wood panels showed blistering and charring.
The poplar ianels coatod with hous? paint showed some blistering
while the fire retardant pint showed nmne. The rigid plastic
films and fibers, and the coated fabrics did show some damage.

At energies below 5.7 cal/m2 the pints on metal panels showed
occasinal fine blisters with the aluminum panels showing slightly
more damage than the steel. The pine panels showed blistering and
some light charring, The vinyl and saran films and the saran fiber
showed some damage. Some of the coated fabrics showed same surface
4ama ge .

3.3 ERDL EVALUATION TESTS

3.3.1 Fraluation of Paint Systems on Metals

The alkyd, phenolic, vinyl and epoxy systems coated on
steel and aluminum were exposed to salt spray, accelerated weather
and high humidity and then evaluated for flexibility, abrasion
resistance and shear hardness. The results of these evaluations
are included in Appemdix C in the following tables,

Table C.6 Effect of Thermal Flux on Resistance to
Salt Spray Exposure

Table C.7 Effect of Thermal Flux on Resistance to
Accelerated Weathering Exposure

Table C.8 Effect of Thermal Flux on Resistance to
High Humidity

able C.9 Effect of High Humidity on Painted Panelg
Exposed to a Thermal Energy of 85 cal/em

Table C.10 Effect of Thermal Flux on Flexibility
Tahle C.11 Effect of Thermsl Flux on Abrasion Resistance
Table C.12 Effect of Thermal Flux on Shear Hardness

3e3.2 EVALUATION OF FIRE RETARDANT PATNTS

Tast panels of outside white pmint and fire retardant
peint were eval mted far fire retardancy under Fed. Spec. TT-P-26.

- 10 -
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Table C.13, Appendix C, shows the effect of thermal flux on the
fire retardant properties of these two paints.

3.3.3 Evaluatiocn of Plastics and Coated Fabrics

The rigid plastics, plastic films and fibers and coated
fabrics were evaliated for the effect of thermal flux on their
physical properties. The results of these evaluations are shown
in the following tables in Appendix C.

Table C.14 Effect nf Thermnl Flux on Rigid Plastics
Table C,15 Effect of Thnermml -lux on Plastic Films

Table C.16 Effect of Thermal Flux on Plastic and Cctton
Fibers

Table C.17 Effect of Thermal Flux on the Brecking
Strength ol Coated rabrics

Table C.18 =ffect of Thermal Flux on the Ultimate
Flongation of Coated Fabrics

3.3.4 Comparison of Laboratary Flux and Field Exposure

Field expcsure resulic on fourteen paint systems were
compared with the results cbtained from expasure to laboratory flux
on the same systems  The results of this comparison are shown in
Table C.19, Appendix C,

-1 -
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CHAPTER 4
DISCUSSION OF RESULTS

4.1 NML EXPOSURE TESTS

An examination of Table C.l, Appendix C, will show the effect
of these expusures. An examination of these results will show
that the alkyd and phenolic paint systems had a higher critical
energy when coated on aluminum than on steel or magnesium, while
the critical @mergy of the epoxy resin system was higher on steel
and mgnesium than it was on aluminum. In the case uf the alkyd
and phenolic systems, this might be accounted for by tne different
heat conductance of the different metals., The resul-s of the
epoxy resin system, however, show that this reasoning cannot be
applied indiscriminately in predicting the damage to other paint
ssstems an these metals,

It can also be seen from these results that a good fire
retardant paint should have a critical energy that is eight times
that of uvapainted wood and ‘twice that of ordinary paint.

The values reported for the fibers do not reflect the true
damage from thermal flux., It was noted, from close inspection,
tha® damage tc the fibers was caused more by the ignition of the
wood than by thermal radiation falling on the fiber itself.

The rigid plastics were run at high calorie ranges. The
early charring of the wood in some cases, was accounted for by the
transparency of such samples as cellulose acetate and acrylic resin
(plexiglass). The cellulose acetate sh.wed marked effect fram
ihe incident radiation i.e. melting, as well as fram the burning
of the piywuod backing. The acrylic resin however, was destroyed
totally by the plywood backing, complicating tie evaluation. The
polyester-fiberglass material offered good protection to the under-
lying wood even though the spe-imens were run to a high range
(427 to 853 cal/ca®), At low intensities the thickness of the
coated fabrics acted as a thermal barrier protecting the underlying
surface, It is seen from this table that the nitrile rubber coated
fabric had the highest critical energy while the necprene and
styrene rubbers had the lowzst.

Ditficulty was experienced in the evaluation of same of the
rackaging materials, The surface, both front and back of several

-12 -
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of the materials were stencilled in black print and the black print
absorbed more of the energy than the adjacent areas. Same of the
materials stuck to each other or to the wrapping paper altering the
surface appearance of the material., Typical damage caused by this
exposure is shown in Figure 4.1,

42 FIELD EXPOSURE TESTS

A study of the samples at the various stations for both shots
reveals a reasonably good correlation between the energy received
and the amount of damage. It is also signficant to note that there
was no radioactive contamination found on any of the samples even
though the .surroumding areas did show some contamination., This is
possibly due to the fact that the samples were in a nearly vertical
position and thus missed any fall out of radicactive particles.

As would be expected, all of the paint systems were destroyed
at the 85 cal/cm? level, One paint, the epoxy resin system, appeared
to have small flecks of the paint left on the panel. This raises
the question ™were the paints burnt off by therml effects or was
the damage caused by the blast effects™? This could be determined
at a future test using shielded and unshielded samples.

It was also significant to note that the poplar panels coated
with fire retardant paint and ordinary house paint had the paint
completely destroyed and the panels deeply sandblasted, A visual
evaluation shows the two panels to be identical.

At the 18 calorie station it was noted that the alkyd luster-
less enmamel showed better resistance, when coated on steel, that it
did on aluninum. It was thought that this could be accounted for by
the higher specific conductivity of steel over aluminum, however,
the phenolic system showed the reverse effects with the phenolic
system showing less damage over the aluminum. It was seen that the
pine panels were covered with red blisters grading to black in the
charred areas. This red coloration is probatly due to the rosin con-
tent of the wood or a combination of the rosin and some constituent
of the paint. This reasoning is further borne out by the fact that
the poplar panels showed no blistering or red color. It would scem
from these results that it would be desirable to have all critical
buildings constructed of non-resinous wood or to determine whether
the fire retardant paint would elimimate the blistering of the pine
wood, A further study of this <data reveals that the exterior fire
retardant paint shows less deterioration and gives better p-otection
than the outside white paint.
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An evaluation of the plastics and coated fabrics reveal that ?
the rigid type plastics show very little damage, tlie phenol-formal- '
. dehyde and the polyvinyl chloride samples show a little heat scorch-
ing., The absence of the blast damape is probably due to the thick=~
ness of the sample., Tnhe plastic films and fibers were completely
gone with the exception cf the vinyl covered glass fiber, in which
case, the glass fibers remained, It is difficult to determine
whether this damage was caused by thermal or blast effects. The
coated fabrics showed surface melting, charring, and the imbedding
of a layer of sand and fine gravel. The untreated duck sample and i
the material coated with a laboratory batch of neoprene rubber were
canpletely destroyed, but again it is impossible to say to which
effect this was due. Again, at the 9.6 cal station we find the
alkyd system showing sliphtly less damage cn steel than it does on
alwminum, The phenolic system fails to show any diffcrentiation at
this level. It is to be noted that the house paint is blistered
at intensities of this level while the fire retardant paint shows no
damage. It is also noted tnat the plastic {ilms, fibers, and the
coated fabrics continue to show no damage, It is also noted that
the plastic films, fibers, and the coated fabrics continue to show
s me damage. It is noted that some of the plastic materials
particularly saran and vipyl films were completely destroyed at
intensities of 5.6 cal/cm“ and below., This is probably due to
thermal flux rather than blast damage since NML laboratary resulis
show these materials to have low critical energies, It is also seen
that some of the coated fabrics showed surface damage even at these
low calories levels, but the extent of damage could not be determined
by visual inspection. It is particularly interesting to note that
the pine panels continued to blister even at these low intensities,
It would be of value to find out whether the fire retardant paint
would eliminate thc blistering of these paint panels,

It had been originally planned to include magnesium in the sur=- 3
faces to be tested, but it was eliminated due to program restructions, '
In view of the expanding use of magresium as a replacement for
heavier materials in the construction of airborne and other equipment,
and the imability to predict the behavior of paint systems applied
to dif ferent metals, it becomes increasingly desirable to obtain
data on the effect of these phenamina on paint systems coated on

" magnesium surfaces.

4.3 ERDL EVALUATION TESTS

e

In the evaluation of the test data of this project is is im-

mediately seen that a larger number of samples wauld have given more ‘
definite results, and that the results obtained do show trends from §
which valuable conclusions may be drawn, 3
H
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Tables C.6, Cs7, and C.8 Appendix C, show the effect
of varying intensities of thermal flux on the resistance of these
coatings to salt air, high humidity and accelerated weathering.

It is shown that, in general, the exposed panels have poorer flexi-
bility abrasion resistance and shear hardness than the unexposed
panels, with the amount of damage increasing with the increase in
thermal flux, This table shows that the alkyd system shows less
damage over steel while the phenolic system is best over aluminum;
with the epaxy resin system showing no particular differentiation.
This shcws that the effect on one coating system cannot be used to
predict the damage that will be dme to another. The vinyl paint
was exposed on steel alone, therefore no comparison can be made of
its characteristics on steel and aluminum. It is noted, however,
that it suffered less damage than the other paint systems. This

is attributed to its higher reflectivity, It was a white paint
while the others were Q.De in color.

A study of Tables .10, C.11 and C.12 shows that the
overall flexibility of the different systems is not particularly
affected by low intensities but that a thermal flux of 10 to 18
cal/am? causes a small improvement in this property. This may be
attributed to a heat polymerization of the paint, resulting in a
tougher film. It is also noted that the overall abrasion resictance
shear hardness show decreasing resistance with increase in thermal
flux. An exception to this trend is the shear hardness of the
vinyl system. yxese panels have very good shear hardness at energies
up to 10 cal/am® but have a sharp breakdom at 18 cal/cm?. This
indicates a critical energy at same point within this range.

Table C.4 Apperdix C, shows the effect of exposing
alkyd, phenolic epoxy amd vinyl systems to a thermal flux of 85
cal/am®, Tt is noted that the paint is campletely destroyed on
all of the panels and most of them show severe sand erosion. In
order to detemine whether there was any surface effect not readily
noticeable, these panels were placed in a high humidity cabinet
alone with a simular uncoated metal panel., The results of this
exposure are shom in Table C.Y, Appendix C. It is seen from this
table that the exposed panels had improved resistance to rust and
corrosion. It is believed that same of the paint pigments, such
as the lead, zinc or chramate were reduced and fused intoc the sur—
face of the panel making it more resistant.
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Table C.13 shows the effect of dif’erent intensities
of thermal flux on the fire retardant propertics of ordinary house
pint and fire retardant paint developed by ERDL. Based on the
results obtained from this test, it can be sesn that exposure to
low intensities of therml flux tends to improve the fire retardant
properties of the paint. This can be iccounted for by the heat
polymerization of the oils and resins, making them harder and less
combustible under laboratory test. I+« is also shown that the
differemt levels of exposure do not significantly affect the weight
loss of either paint. A differencc is noied, however, in the char
volume (amount of char on underlying wood panel) of the two paints,.
Up to a thermal level of 10 calaries, the house paint shows an
inecrease in char volume with an increase in thermal intensity while
the fire retardant paint shows a decrease, This would indicate
that the house paint is progressively breaking down to permit more
and more destruction of the underlyirng wood while the fire retardant
paint is developing more and more of a protective barrier that
permits less and less destruction. It is also interesting to note
that after exposure of 85 cal/cmg, the poplar panels had all of
the paint either burnt off, or worn off from sand abrasion., Under
visual inspection both panels appeared to be identical in service-
ability, however, an examimtion »f Table C.13 shows that the
panels co:ted with ordinary house paint were campletely destroyed
while the ones with the fire retardart paint suffered a moderately
severe char but remained intact. This indicates that structures
co:ted with ordinmary p:int weuld have burned down while those
coated with fire retardant paint would have received a bad char
but would remmin standing and intact. Figures 4.2 and 4.3 show

the eftfect of thermal flux on these two paints and their resistance
to barning,

L.3.2 Plastics g._n_c_i Coated Fabrics

An examination nf Table C.l4 Appendix C, shows that,
in general, thermal flux intensities up to 18 al/c? have only a
slight effect on the flexural strength, modulus of elasticity, and
surface hardness of the rigid plastics, The percent of light
transmittance was determined to evaluate the use of these materials
for windows, skylights, etc. It is to be seen that no great amount
of damage was done at levels up to 9.6 cal/a® but that a sharp
drop occurred around 18 cal/mg indicating a critical energy value
in this range. A visual examination of the cellulose acetate,
polyester resin, and polyvinyl chloride show that these samples were
not unif amly damared, indicating an unequal exposure to the effects,.
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It cen be concluded from these results that, with the
exception of the light transmittance properties, thermal {lux up
to 18 cal/ca® will not seriously affect the use of these rigid
Plastics, The fact that fiterglass reinforcing material made a
good showing in both the rigid plastic and fiber uses indicates
a desirability of further testing this material. Table C.15
Appendix C show the effect of thermal flux on the physical proper~
ties of certain plastic films, It is to be noted that the {ilms
in genural showed poor resistance to even moderate levels of thermal
flux. It is quite probable tnat this poor showing is a result of
the combination of blast and thermal damage, Teflon showed destruc-
tion around 10 cal/cm? in the field test and a critical emergy of
55 cal/c? under the NML tests, It is also seén that the saran film
shoved a marked increase in Specific Gravity (density). Tais can
be accounted for by the loss of plasticizer and other volatile
constituenta,

Table C.1l6 and Figure C.2 Appendix C, shows the effect
of themml flux on the physical properties of certain plastic and
cotton fiberas, The breaking strength was determir:d on both the
straight and knotted strands since a large requirement for these
materials is i the manruracture of camouflage netting, It has been
shown by previous siperience that knotting has a definate effect
on the tensile strength of the fiber. The straight strapd fibers
show little change in breaking strength up to 9.6 cal/cm® with
destruction of 18 cal/am®, The vinyl covered fiberglass is an ex-
ception to this trend showing little loss of strength at any lev .1,
Tre saran fiber, on the other hand, was destroyed at 5.6 cal/em?,

The tensile strength of the knotted strands, while less tnan that
of the straight fibers showed the same general trend., On the basis
of thase results, it can be concluded that the vimyl covered fiber-
glass should be usable after exposure to 18 cal/am® of thermal flux,
in orlon, cotton, and Nylon FM 3606 up to an jntensity of 8 c.:!,
and the Dynel aad untreated nylon to 5 cal/uni. Saran will be dam-
aged at 3 cal.

Tables C,17 and C.18 and Figure C.3 Appendix C, show
the effect of .ifferent levels of thermal {lux on the physical

properties of certain coated fabrics. It is shawmn that low intensitis

cause ittle ar no damape tc the tensile strength and slongation
with some_of the samples ever showing a slight improvement; while
18 cal/a? will completely destroy cr severely damage the fabrice
It is to be noted {rom the table that the untreated duck shows
destruction above 9.6 ca and the laboratory coated sample of
neoprene above 5.6 cal/cx?. It is significant to note that all of
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the cezted fabric samples except the neoprene sample had been flame
proofed before coating. This at least, in part, accounts for their
hirher critical energies.

Lt e o it

An examination of Fig. C.3 shows that there was varying !
amounts of visual damage to the different samples. The test results
in the above tables show that at intensities up to 9.6 calories, the
damapge is larrely a surface damaze which has not hurt the fabric
itself but that thermal levels in the range of 18 calories will
destroy or seriously damage the fabric itself. This is another ex- :
ample of the n~ed of subsequent testing of physical properties in i
correctly evaluating the effect of these phenominee on the service
life and use characteristics of the various materials.

Additional, more detailed, test data and photographs

not included in this report are on file in the Materials laboratory,
SRDL and are available for inspection by any interested persons,.

heh COMPARTSON OF LABORATCRY FLUX AND FIELD EXPOSURE -TESTS

The object of establishing a correlation between laboratory
flix and field exposure effects is to establish a method of screen- !
ing the different materials in order to pick the most promising
ones far field exposure, A study of Table C.19 reveals that, in
general, the field exposure was more severe than the laboratory
flux, Two exceptions to this are: 1. The phenolic system on steel,
which showed slightly more damage in the laboratory, at the lawer
calarie intensities and about the same at the higher intensities,

2, The phenolic system on wood, which consistently showed more
dimage from the laboratory flux., It is also interesting to note
that there was moderate to deep char of the resinous grain of the
wood panels, subjected to field exposure, while the non-resinous
grain showed little if any char. This condition was not noted in
the laboratory samples possibly due tc the sisze of the sample and
smallness of "he exposed area. It is believed that these test data
show a fair correlation with the field exposure. The following
factors make a camparison more difficult:

PR

B e e

a, The small number of samples of ecach system exposed, Where
visual conclusions are drawn from a small number of samples or frmm
a small ar:a on 3 mnel, the probability of errar is increased
because there is no chance for small differences in apnel preparation
or exposure conditio3 to be averaged.

b. The difference in the sizes of the exposed arcas, The
field samples had an area of 74 sq. in. as compared to 0,02 s3q. in.
(1C sq.mm.) for the labaratory sanmples.
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¢ While the laboratory samples were subjected to thermal
flux alone the field samples were exposed to both thermal flux
and blast damage with the blast damage possibly obscuring amny

light surface char,

d. The apparent non~uniformity of thermal damare by in-
creasing intensities of laboratory thermal flux,
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CHAPTER 5

CONCLUSIONS AND RECOMMENDA TIONS

5.1 CONCLUSIONS
It is concluded that:

1. Visual inspection alone, does not give a true picture of
the damage done 2and that subsequent laboratory testing of the
physical properties is necessary for the accurate effective eval-
uation of the damaze done to exposed materials,

2. Certain paint systems sustain di fferent degrees of damage ‘
when coated over different metal surfaces, and that the effest of
the metal surface on the damage to one coating system was not in
direct correlation with the effect on other types of coating systems.

7« That paint systems applied to metal surfaces, although
cimpictely destroyed by exposure to high intcaciides of themal
flux, will impart imprcved rust and corrosion resistance to these
surfaces, even under high humidity conditions,

4. Wooad panels coated with an adequate fire retardant paint
have a critical energy for wood charring seven times that of the
unpainied wood and twice that of normally used houss paint,

5¢ The fire retardant paint, aven though completely destroyed
by hish therml intensity and blast damapge, imparted to the under-
lying wood a good resistance to burning not found in a simvar wood
mnel coated with house mint,

6. ym rigid plastics show little damage at intensities below
18 cal/cm® with licht transmittance being the only property shawing
any appreciable change and that plastic films and fibers in general,
are destroyed at critical energies in the rangs of fram 8 to 12

cal/ca?,

7. labaratory tests show_that thes damepge to the coated fabrics
at intensities up to 10 cal/a® is a surface effect that does not
injure the fabric itself but that intensities of 18 cal/cm? will
severely damage the fabric.
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€. Flame prooiing of tlie coatad fabrics prior to coating
will decrease the damage caused oy exposure to these phenomena.

9+ The epuxy resin system is equally good #hen coated on steel
or aluminum while the alkyd system suffered less damage when coated
ove~ steel, and the p:orolic system less damage when coated over
alum’ num,

10. Resinous type wood (pine) will blister ever. at low thermal
intensities irrespective of the coating system used.

11. ILaboratory exposure tests show that materials having high
transparency or reflectivity show highk critical energies.

12, Materials having high reflectivity or absorption character-
istics of fer better protection o the underlying material than those
witit high transparency.

13, Of the rigid plastics exposed to laboratory flux the

polyester-fiberglas type offers the best protection to the underlying
mterial even at high thermal ranges.

542 RWCOMMENDA TIONS

It is recommended that:

1. Critical wood structures, subject to atomic blast exposure,
be coated with an adequate fire retardant pint,

2. Epoxy resin type finishes be considered for vse on metal
equipment subject to these condit’ ms.

3¢ The polyester-fiberglas type of plastic be used where
there is a need for a non-tronsparcnt rigid plastic with a high
resistance to thermsl flux.

Le A1l coated fabrics be flame proofed before caiting.

5 Further study be made on fi.e retardant paints to determine
whether such paints formulated tec an 0.,D. or camouflage color wwld
have the same protective properties as the paint evaluated in this
program,

6. A study be made, at same future test, to determine the
effect cf these phcnomina on coatings applied to magnesium surfaces.
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This data will be of increasing value due to the expanding use of
magnesium in air-borne and other equipment,

7. Further work be done to evaluate the effect of thermal
flux on sinpgle and multiple coat systems to determine whether the
damage is a surface effect or whether it sets up thermochemical
reactions in the undercoats affecting their service life.

e

8. Additional work be done - —oven fibers of the camocuflage
net and garnishment type to deter— .. che effect of these phenanena

on the camouflaging propertizs es well as the physical character=-
istics of these fibers.

9« Further exposures be made on the plastics and coated fabrics
in the range of 10 to 20 cal/cm*. This was shown to be a critical
range for a nusber of the samples,

;
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APPENDIX A

PREPARATION OF TEST SAMPLES

A.l PREPARATTON OF GAMPLES FOR NIL EXPOSURE ?,

A.l.1 Preparation of Paint Samples e
TABLE A.l
Coding of Paint Samples Prepared for NML Testing
System Noo Type Panel Primer Coat Finish Cuat
1 Stsel MIL~P-153281
TT-E-485 TT-E-485
2 Aluminum n "
3 Magnesium " n
4 Wood TT-P=636 3-174 .
5 Steel MII~P=-15328 ‘
TT-E~4(85 3-173 i
6 Aluminum " " i
7 Magnesium n n ’
g Wood TT-P-636
3-17, "
9 Steel MI1~P-15328
TT-E-485 TT-E-489
10 Alumd num " n
11 Magnesium " n ‘
12 Wood TT-P=-636 n i
13 Steel HMI1l~-P-15328 !
3-193, Type I | 3-194 :
BVA Aluminum " n
15 Magnesium n n
16 Wood 3-193, Type II "
17 Steel MIL~P-15323 3=194
3-193, Type I | 3-173
i8 Aluminum n "
19 Magnesium " "
20 Wood 3-193, Type II " .
2 Steel MIL~P-15328 TT-E-485 :
22 Alumi num n w :
23 Magne sium " " .
2, Wood TT-P-636 " :
25 Steel MIL-P-15328
TT-E=485 3-173 i
-27 - %
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TABLE A.l
Coding of Paint Samples Prepared for NML Testing
{conti)
System No, | Type Panel | Primer Coat | Finish Coat
26 Alvminum TT-E-485 3-173
27 Magnesium " "
28 Vood TT=P=636 "
29 Steel Pigmented Epon? Pigmented Epon
30 Alumimm " " " "
3l mgnesim " n n ]
32 Wood “ n " n
3 Steel MTL=pP=15228
Pigmentea Devran " "
k77 Aluminum " n " "
35 m@esim 1] " " 1]
36 Wood TT=P=636 Pigmented Epon
37 Poplar Wood TT-P-25 TT=P=40
38 Poplar Wood " Fire Retardant
Paint, TT-P=26
(Int.s

JUnder painted panels, the primer and finish refer to Govern=
ment specifications,

2'me "Pigmented Epon" is an Epon-resin vehicle pigmented similar

to TT-E~,85b. It was premared by Devoe Raynolds Company, Louisville,
Kentucky,

Specific paint systems as shown in the above table were
prepared by brush coating them on 1" x 8" x 1/8" panels of wood, steel,
aluminum and magnesium, and allowing the paint to air diy 20 to 24
hours after each coat. The mint systems on metal were cut to
approximtely one inch length and the eight piecces mounted on a glass
melamine holder with an air space less than > /16" between each sec-
tion to eliminate heat conduction between the sections. The systems
on wood were mounted in one piece and held in place by insulated
retaining strips.

In the preparation and testing of these samples, it became
obvious that brush coating of the samples was not a satisfactary
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method of application due to the requirements and limitations of
the test method, It was seen that small ditferences that aver—
aged in normal practice on larger surfaces and on the field panels
appeared to be intensified in the small surfaces. Future panels
should be prepared eitaer by spraying to a specified dry film
thickness or by use of the doctor blade techniques, If apparatus
for controlled film thickness is available it should be the
quickest most efficient method,

A.1.2 Preparation of Plastic and Coated Fabric Samples

TABLE Al.2

Coding of Plastics, Coated Fabrics
and Packaging Materials for NML Testing

System Materials Description

l. Plastics

39 Polystyrene

40 Polyester, reinforced with fiberglas mat
41 Cellulose Acetate

42 Acrylic (Piexiglass)

43 Teflon

YAA Saran Sheet

45 Polyethylene

46 Vinyl Sheet

54 Vinyl Covered Glass Fiber
55 Nylon Fiber

56 Dynel Fiber

57 Saran Fiber :
58 Nylon Monofilm (FM 3606
59 Orlon Fiber

60 Vinyon (NOHU)

2, Caoated Fabrics

47 Nitrile Rubber (GR-A)
48 Natural Rubber
49 Vinyl Chloride-Acetate Co-polymer
50 Isobutylene-Isoprene Co-polymer, (GR-I)
51 Neoprene Rubber (GR-M)
52 Uncoated Treated Duck
53 Butadiene-Styrene Co-polymer (GR=S)
- ” -
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TABLE A.2
| (conti)
System Materials Description
; 3., Packaging Materials
: 121-115 JAN-B=121, Grade G, Type I, Class 1,

Greaseproof Barrier-liaterial, coated with
JAN-P-115, Dipcoat Sealing Compound.

121=-A-II~1 JAN=B-121, Grade A, Type II, Class 1,
Greaseproof Barrier-Material,
1A -C-I-1 JAN=-B~121, Grade C, Type I, Class 1,
Greaseproaf Barrier-Material.
131A-1-A MI1~B~131A, Class A, Flexible Water=-
Vaporproof Barrier-Material,
117=B=1=C JAN-P-117, Grade B, Type I, Class C, Non~
heat Sealable Greaseproof, Waterproof Bag.
149-TY-1 JAN=C~149, Type I, Protective Strippable
Campound Ethylcellulose,
149-TY=-11 JAN=C-149, Type II, Protective Strippable
; Compound Acetate Butyrate.
N RWH 1'7563 AXS 1756 Strippable (Sprayable) Protective
J Campound,
03-5249‘ 50-5249 by P. M. Hollingshead Corporation

No Government specification covering.

AXS-673 Hard Drying, Thin Film Premervative
coated on 1* x 12" x 1/8" mild cardbon steel.

3Am Cocoan by R. M. Hollingshead Carp., Camden, N. J.

Specification No. 4939 Army Cocoan confarms to AXS 1756,
Filn famed by
1 coat webbing mixed to Hollingshead Specificatim.
1 coat cocomn consisting of 3 epplications
(approx. 5 mils ea) mixed with 2 o3 yellow dye.
1 coat cocoon cansisting of 3 applications
(approx. 5 mils ea) mixed with 1 1b aluminum
pmste per gallon cocomm.
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I’G. E. Cocoon by R. Y. Hollingshead Corporation, Camden, N. Je

Specification No, 50=5249
No Government Specification covering
formulated expressly foar General Electric Co.,
Knolls Atomic Power Laboratory, Schenectady, N. Y,
Approved far use in all AEC establishment by USAEC,
Washington, D. C. and Oak Ridge National lLaboratory,
Tennessee. (For use indoors only).
Film formed by
1 coat webbing solution as formulated by R. M.
Hollingshead Corparation, Camden, N. J,
2 coats cocoon each consisting of 3 applications
(Each application approx. 5 mils thick)e.

The plastics and coated fabrics as shown in Table A.2 above,
were mepared in the following manner.

A.1.2.1 Coated Pabrics and Plastic Film

The coated fabrics and plastic film specimens
were cut into 1" x 8" strips and mounted on a glass melamine holder
grooved to mrovide an air background. A glacs silicone laminate
fire guard, employed to prevent the propagation of a flame, was
mounted over the specimen and held in place by an insulated strip.

A.1.2.2 Plastic Fibers

The plastic fibers were wrapned widthwise around
plywood holders (1 x 8 inches) and held in place by insulated strips.
Side motches were utilized to prevent slipping.

A.l.2.3 Packaging Haterials

The packaging materials were cut to approximately
1" x 8" and mounted on plywood or glass melamine holders depending
cn the mterial, A glass silicone laminate fire guard was utilized
on all samples except the ethyl cellulose and the acetate butyrate
strippable compcounds.

A.l.2.4 Rigid Plastic Material

The rigid plastic material was cut to approxi-
mately 1" x 4" size and mounted on a 1" x 8" plywood strip and h2ld
by insulated strips, A smll space less than 1/16" was kept between
the strips to eliminate neat conduction,
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Ad.2.5 Different iethod of Mounting Samples

Soms Iurther thought should be given to a differ=
ent method of mounting these samples. In several instances more
damage was caused from the burning of the backup than from incident
radiation, This made it very difficult to evaluate the samples,
Improper packaging also caused loss of some samples, Paper and nther
packasing material stuck to the test face thus altering its surtace
characteristics, It was noted alsc that ssveral of the packaging
materials had identifying stencil marks on the face of the sample
that made thelr evaluation more dif ficult, A clearer more detailed
mowledge of the requirements and limitations of the method would

have eliminated this difficulty

A.2 PREPARATION OF SAMPLFS FOR FIELD EXPOSURE

A.2.1 Preparation of Paint Samples

TABLE A.3

Ooding of Paint Samples For Field Exposure

Code System Type Panel Prime Coat Finish Coat
c-1 Steel Wash primer | TT-E-4851
M1L-P~15328 (2 coats)
6~2 Aluminum Wash primer TT-E=-485
MIL~-P-15328 (2 coats)
C=d, Wood TT-P=635 3=-174
Cc-5 Steel MI1~P-15328 3-173
TT-~E-485
C=6 Steel HIL-pP~15328 TT-E-489
(2 caats)
c-? Steal MIL-P~15328 3-194
TT-E=485
c-8 Aluminum UTL~P-15328 3-194
3-193-Ty1
c-10 Wood 3-193-7y IX 3194
Cc-11 Wood TT-P=636 Th-E-485
c-12 Stesl Pignented Epon®{ Pigpented Epon
C-13 Aluminum * . "
C~15 Wood " » " n
C-16 Steel WM1~P-15328 " n
Pigmented Epon
- 32 -
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TABLE A.3
(conti)
Code Sys tem Type Panel Prime Coat Finish Coat
C~17 Poplar Wood | TT-P=25 TT-P-40
(2 coats)
c-18 Poplar Wood | TT=-P=25 VV-Ext 202
(2 coats)
Cc~20 Steel Vinyl Paint? | Vinyl Paint
Prime Coat Body Coat
(1 coat) (2 coats)

l’lhe prizmer and finish coats refer to Government specifications.

2VV Ext 20 is an experimental fire retardant paint developed under
research contract by Vita Var Corp., Newark, N. J.

3 The vinyl paint is Amercoat 23, a commercial coating produced by
Amercaat Corp., Los Angeles, California

Z“Epon resin paint is an Epon type vehicle pigmented similar to
TT-E~485b and was manufactured by Devoe Raynolds Co., Louisville,
Kentucky.

Representative mint systems as shown in Table A-3 were pre-
pared as rollows,

A.2.1.1 Cold Rolled Steel Panels

" x 12" SAE 1020 cold rolled steel panels were
sand blasted, solvent cleaned and coated as shown in the above table,

A.2.1.2 Aluminum Alloy Panels

T ox 127 x 0,04™ 24ST3 aluminum alloy panels werw
solvent clsaned and coated in accordance with the above table,

A.2.1.3 Southern Yellow Pine Wood Panels

6" x 127° x 3/8" southern yellaw pine wood panels
were sanded smooth and rree from dirt, and coated in accordance with
the above table,

A.2.1.4 Poplar Yiood Panels

Poplar wocd panels conforming to the requirements
of Fed. Spec. TT-P-26 were coated as shown in the above table,
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All coatings were sprayed to give a total dry film thickness
of 3.5 to 4.0 mils, All systems except C.12, C.13, and C.16 were
air dried, These systems were baked for 15 minutes at 250° F,

A steel backup plate 7" x 12" x 1/16" was used on all of the samples
to mininize destortion from blast effects,

In future tests it would be desirable to investigate the use
of standard gauge panels and to use a controlled film thickness spray
apparatus for coating the panels,

A.2.2 Preparation of Plastic and Coated Fabric Samples

The following table lists the samples subjected to field
exposur e,

TABIE A.4

Coding System for Plastics arnd Coated Fabrics
far Field Exposure

Sys tem Material Description
1. Rigid Plastics

Pl Plexiglacs

P2 Cellulose Acetate

P-3 Polyester Resin (Glass Mat)

P-4 Phenol-Formaldehyde (Asbestos)

P=-5 Polyvinyl Chloride

P=6 Polyethylene

P=7 Teflon

P~8 Vinyl Sheet

P-9 Saran

P-10 DyreL

P-11 Orlon

pP-12 Cotton

P=13 Vinyl Covered Glass

P=14 Nylon

P-15 Saran

P16 ¥ylon M¥oncfilm (:M=3606)
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TABLE A4
(conti)
B .-
System Material Description
2. Coited Fabrics
CF-1 Butadiene-8tyrene Copol. (Gi=>)
CF=-2 Isobutylene~Isoprene Copol. (GR=I)
CF=3 Ncoprene CN
CF=4 Uncoated Troated Duck
CF=5 Nitrile Rubber GRe=A
CF=6 Natural Rubber
Cr-1 Vinyl Chloride-Acetate Copol.
CF=-8 Yieoprene Pubber lab, batch

All of the samplas were mounted on 1/4" plywood panels, 15"
by 13", built up on the encs vo permit « 1" air space between the
samble and the backup panel, The fibers were strung in parallel
strands running the length of the mnel. The rigid plastic sampies
had mil holes «rilled into each end of the sample so that the nails
wed tor fastenine the samplzs would not cause any localized stresses
in the material. All of the coated fabric samples were commercinl
products except the neoprene coated fabric which was ccated in the
laboratory at ERUL.

In future tests thcurht should be given to the replacement of
the wood backup panels with a non-flammable ncon=-conductive type.
This viould eliminate damace from panel burn anc simplify the evalu=-
ations.

A3 COICTRUCTICN OF RAZES 7CR FTRLD TTSTS

As3.1 Construction of the Test -1cks

The test racks, Fir. A.l were construct~d of 3/8" an-le
iron vwith two removeable mn2l hel Ing sections, and hinped back
\ ) braces that permitted the lace >f the rack to he st at any anlo
from 90° to 18U°, and were bolied %o steel stakes sot inlc we groung.
To determine the bost -athod of setting the stalies, they were set in
three i Terent waxys.,

a. Sat in zoncrete (€M thick, 12" diamcter)
b, 3Jet in the ground with an 18" baffle plate affixed near
the botton cf the stake and the dirt back{illed over it,
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cs The stoke merely driven into the ground.

Fige Al Construction Of Racks Usecd For Field Exvosure

The rack, itsell, was 5' x 10! with two 3' x 5% panel
secticng that were 2' ~°F of the ground, The rzck and manel
secticns were sc const *od that they reinforced each other. The
mmnel sections were sscured to the rack fra e vy three bslts, thus
premiiting quick easy removal of th: <.mnles to an uncontaminated
area where a careiul ex:min:tion of e panels corld he mide and
a fresh series prepered for the next shot.

A 3/4 ton power truck was used to transport thne sa ples
to ana frm the test site. A rack wos budit on the wuck of the
touck in arder (o stand the mnel s:ctions or edie and space them
so that none of the sanples would be danu-sed In Lransit,

I o study of the reosulls of the 2xpesures on this

proj:et it becomes wpparent that it wenld be des rable to be able
to dirfereatiate vetween the ‘amacc consed by theeal flux and that
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caused by thermal filux and vlast damare together., This could be
accomplished by citrer of three modificati-ns of the presently
used exposure racks.

a. The use of quartz or "Pyrex Vycer" windovis,

be An electromically operated shield, or one witn
a fusible metal link, that would drop down and cover the samples,
after exposure to the thermal eff cts and before the arrival of the
blast wave,

c. Have the rack so hinged that it would lay back on
the ground, with a shield covering the panels, ¢n the arrival ol
the blast wave.

Quartz windows are commonly used but because of the size
and nimber of samples, the cost would te too sreat. "Pfrex Vycer" is
a flass mmfactured by Corning Glass Viorks, with properties simular
to quartz., It is ccmmratively cheaper than quartz and can be manu=
factured in desived sizes and shapes. 1t would warrent further
investisation. “lethod ¢ would hzve one advantage in that the racks
would not have to be built to withstand the pressures required under
a or b,

An improvcment of the present rack would be a gquicker
metnod of fastening the sample panels to the panel sections. At
sensont here are four bolts to each panel and thirty-two paint
vanzls tc a rack. However, these can be put on at leisure and
kept covered until ready for cxposures

Rt S
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APPENDIX B

METHOD OF EVALUATION OF TEST RESULTS

B.l METHOD OF EVALUATION OF NML SAMPLIS

The samples prepared as described in Appendix A were subjected
to a laboratory source of thermal flux using the searchlight method
as desciibed in MNJSL BUSTER report Noe. WT31l. In this method, the
beam of a 24 inch Navy searchlight is directed towards a raceiving
mirror which concentrates the emergy at a focal point, The sample
is made to pass through this point at a constant acceleration or
deceleration, with the total flux and the time of exposure deter-
mining the amount.of flux at any point. The energy level is
determined by placing calibration strips along the side of the s%mple
and converting the speed of travel into thermal energy in cal/cm®,

B.l.1 Metnod of Evaluating Damage

The general method of evaluaiing the damage to the speci-
mens was as follows,

B.1l.1.1 Ewvaluating Exposed Paint Systems On letal

The exposed mint systems on mctal were evalu:.ted
for initial effects, and the flaming and complete destruction of tho
paint, [Flaming was cbs2rved directly during exposure., Complete
destruction was the minimum energy at which the charred paint lost its
cohesiveness and could be readily flaked off down to the metal sur-
face by lightly scraping with a razor blade.

B.1l.1.2 Evaluating Paint Systems On ood

The paint systems on wood were evaluated for
initial effects, paint char, and wood char. The initial effect wus
primarily the discoloration of the topcozt.

B.l.1.3 Ewvaluating Exposed Coated Fabrics and Plastic Films

The exposed coated fabrics and plastic {ilms were
evaluated for initial effects, charring and destruction. In several
cases only one critical point could be recorded, the destruction of
the material. The enersy corresponding to destruction was taken as
tiic minimum erergy at which the charred material lost its cohesive-
ness and readily fell apart at a light touch,

- 38 -
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Bololol} Evaluation g_i:' Plastic Fibers

Plastic fibers were evaluated as to destruction
only. Destruction was that point at which the fibers parted.

B.l.1.5 Evaluation of Rigid Plastics

Rigid plastics were evaluated as to the critical
points particular to each,

B.1.1.6 Evaluation Of Packaging Material

The packaging material evaluation consisted of
determining the energies corresponding to initial effect, charring
or melting and destruction.

B.2 ERDL LABORATORY EVALUATION TESTS

B.2.1 Discussion .ci Test Methods

B.2.1.1 Paint Test Methods

The folloming exposure and evaluating tests were
chosen to show what effect the field exposures had on the service life
and use characteristics of the different paint systems. A more de-
tailed discussion of them will be found in Fed. Spec. TT=P=14l.

The Salt Sprey Cabinet Test is one in which the
samples are exposed to a fog of 20% salt solutiun at 90° F and was

used to evaluate the porosity of the film and its ability to prevent
corrosion of the underlying surface.

The Accelerated Weathering Test is one in which
the samples are subjected to cycles of ultra-violet light (carbon arc)
and water spray. It was used to evaluate the service life left in the
film, that is, how well it would continue to stand up in outside use,

The Humidity Cabinet Test is ane in which the
sample is subjected to conditions of high humidity (90° F and 95% R.H.)
and was used to evaluate the porosity of the film and its ability to
protect against rusting in high humidity (tropical) conditions,

Flexibility, abrasion resistance aid shear hard-
ness were used to evaluute the effect of the above exposure tests,
Flexibility indicates adhesion of the tilm to the surface and resist-
ance to thermal shock. It is determined on the Navy conical mandrel
and is calculated to per cent elongation of the film by the following
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formula: § ® 1002';1‘7',( T

where T = average thickness of the panel (inches)
r = radius of incipient cracking.

Abrasion resistance indicates the resistance of the film to
abrusive wear, It is determined as weight loss on the Tabar Abrader
and calculated to volume loss of the paint film,

Shear hardness indicates the adhesion and cohesion of the mint
film and its resistance to gouging ard mechanical shock. It is
determined on the Tabor Abrader and is reported as the average width
of scratch, in 1073 inches, made with a 600 gram load.

B.2,1.2 Plastics and Coated Fabrics

The non=volatile (ash) content of the reinforced
plastics was detemmined by ashing at 1050° F, An increase in non-
volatile would indicate the loss of plastic binder.

The surface hardness was detemined on the "\
scale of the Rockwell Hardness Testcr in accordance with Method 1081
Fed Spec. L=-P-406a. A change in hardness indicates an increase in
the polymerizaticn of the material or a loss of plasticizer,

The specific gravity was determined on a Jolly
Balance, in accordance with Method 5011, Fed. Spec. L-P=406a. An
increase in specific gravity is an indication of the loss of some of
the volatile constituents.

The breaking strength of the fibers and coated
fabrics was determined on the Scott Tensile Tester in accordance with
Yethad 5102, Fed, Spec. CCC-T-1916, Both the "strand strength" and
koot strength® were determined on the {ibers since it 1as been shown
that knotling has a variable effect on the strength of tne fibers
virich is significant when the fibers are used in camouflage materials.,

The flexual properties and modulus of elasticity
of the ririd plastics were determined in accordance with Method 1031
“ed, Spece L=-P=406a. This test indicates the ability of the rigid
plastic to resist breaking under bending stresses,

The percent licht tronsmittance was determined
on the G. E. Recordinm Spectropholometer in accordance with Method
425.1 Fed. Spees TT=-P=-14lb. This test indicates any loss in trans-
lucency or tie ability of the mterial to transmit light.
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B.3 METHOD OF EVALUATING DAMAGE T0 SAMPLES, ERDL ;

Be3el Paint Samples !

B.3.1.1 Exposure of Metal Panels

The metal panels were cut to 4" x 4" and

3" x 5" gizes, properly edged and subjected to the follcwing ex-
posure tests,

150 hours -~ Salt Spray Cabinet

e R AR 21 TR

300 hours = Accelerated Weathering
30 days - Hig* Humidity

These panels were then evaluated for flexibility,
abrasion resistance and shear haxdness.

B.3.1.2 Exposure of laint Systems

The panels on which paint systems were exposed : &
to 85 cal/cm® and apparently suffered total destruction, were sub-
jected to 30 days in the humidity cabinet,

B.3.1.3 Exposure of Fire Retardant Panels

The fire retardant nanels, C.1l7 and C.18 were
conditioned and burned by the Cabinet Test Method as specified in
Fed. Spec. TT-P=26,

B.3.,2 Plastics and Coated Fabrics

Be3e2.1 Rigid Plastics ;

The .igid plastics were subjected to the fellow-
ing laboratary tests.

Flexual strength and moduius of elasticity
Specific Gravity

Rockwell Hardness

Light Transmittance

Percont Inert

i A et
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Be3e2.2 Plastic Film and Coated Fabrics

Plastic films and coated fabrics were sube-
Jected to the following laboraoty tests.

- Breaking Strength
Percent elongation
B.3.2.3. Fibers

Fibers were subjected to the following lab-

oratory tests,

Breaking strength, strand and knot

Percent elongation, strand and kmot
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TABIB C-1
The Effect of Laboratory Thermal Flux on Certain Materials
Critical
System Material Dascription of Rffect Rnergy
on Material Cal/Ca?
1 Alkyd lusterless an- | Dulling and darkening 749
amel (2 coats) on of surface.
steel . Surface bresks into
non propagating flame. 16
2 Alkyd lusterless en- | Dulling and darkening 19
sl (2 coats) on of surfaoce.
aluminmm, Surface breaks into
non propagating flame, 38
3 Alkyd lusterless en~ | Dulling and darkening 6.3
oowl (2 coats) on of surface,
nagnesium, Surface breaks into
non propagating flsme. 16
Paint Carbonises exposing
metal on light screping. 30
L Alkyd Semi-gloss en~ | Blistering of topcoat. 1l
amel on wood, Disocoloration of topcoat, 1.8
Topcoat Chars. 5.5
Dndarcoat Chare. 13
Wood Browns, 1
Wood M.. 17
5 Alkyd Semi-gloss en- | Paint turns rusty red
smsl on stesl. color, 19
6 Alkyd Ssmi-gloss en~ | Paint tums rusty red
amel on aluminum. color. 15
7 Alkyd Somi-gloas en~ | Paiat turns rusty red
aml on magnesium. 00lor, 10
Surface breaks into non
propagating flame. 1Y
Paint carbonises and
flakes off sxposing me-
tal om light screping. 19
- 43 -
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Critical
System Material Description of Rffect |Energy
on Material Cal/Ca?
8 Alkyd Semi-gloss en- | Discolorstion of top- 1.5
sl on wood . ocoat,
Topooat Chars. 2,7
Undercoat Chars, 7.0
Wood Chars. 1300
9 Alkyd Qloss enamel Paint tums rusty red
on steel. color, 19
10 Alkyd gloss ensmmel Paint tums rusty red
on sluwinum. oolor, 28
1 Alkyd gloss ensmel Paint turms rusty red
on magnesium, colors 6.7
Susface breaks into
non propagating flams. 16
Paint carbonises and
flakes off exposing
metal on light seraping.| 33
12 Alkyd Gloss ensmsl Bliatering of topcoat
on wood. along grain line,. 1.0
D scoloration of top-
coat, 1.2
Topooat Chars. 2.7
Underocat Chars, L6
Woeod Chare, 12
g} Phenolic Paint on Paint blackens. 7.2
_ 1“ ] steel,
ik Phanolic Paint on ¥o effecd, s3
alumimm,
- 44 -
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TABLE C-1 (Cont.)

Critical
System Material Description of Effsct Energy
on Material cal/cm?
1% Phenolic Paint on Paint turns rusty red
magnesium, color. 7.9
Surface breaks into
non propagating flame. 13
Paint carboniszes and
flakss off exposing
metal on light scraping.| 29
16 Phenolic Pasat on Discolorstion of top-
wood, coat, 1.8
Topcoat Chars, Je?
Undercoat Chars. 8.7
Wood Chars. 3]3
17 Alkyd Semi-gloss Paint blackens. 1
ower Phenolic sys-
tem on steel.
18 Alkyd Semi-gloss Paint turns a rusty red
over Phenolic sys- color. 7.3
ten on cluminum,
19 Alkyd Semi-gloss Paint turns a rusty red
over Phenoiic sys- color. 10
tem on magnesium, Surface breaks into
non propagating flame. i
Paint carbonizes and
flales off exposing
metal on light scraping.| 15
X Allcyd Seml-glose Discoloretion of ilopw
over Fhenolic gys- colt. i
tem on wood, fopoost Chars. 8,2
Undercoat Chars. 15
Wood Chars, 22
a Alkyd lusterless en-| Paint bluckens, 8.8
amel (1 coat) on
.No
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TABLE C-l (Cont.)
Critical
System Material Description of Rffect |Buergy
on Material Cal/Cn?
22 Alkyd lusterless en- | Paint blackena, L3
sl (1 cost) on
aluainum,
g} Alkyd lusterless en- | 3mall blisters on surf-
asel (1 coat) on a0e, 8.8
wagnasium, Paint blackens, 16
Surface breaks into
non propagating flams. 27
Paint carbonises and
flakes off exposing
motal on light screping.| 33
2lkyd lusterless en~ | Blistering cf topooat. 1.k
amsl on wood, Topcoat Chars. 2,3
Undercoat Chars, 8.1
Wood Chars, 10
Alkyd Semi-gloss Paint turmns s rus
an steel, red calor, ‘ 7.9
Alkyd Semi-gloss en~ | Paint turns a rusty
onl on aludmm, ved color. 7.2
Alkyd Sami-gloss en- | Paint turns & rusty
arel on magnesiua, red ovlor, 10
Surface breaks into
non propagating flame, 15

Paint carbonises and
flakes off expouing
mstial on light scrsping.

Klistering of topooat.

@ &N

1
Disocloraticn of topooatdy 2
Topaocat Chars, 3.
Tederecst Chers. ¢
Spon resin paint Paint blackens. 8.9
coats) on steel.
- “ -
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TABLE C-1 (Cont.)

Critical

Systen Material Description of Effect Energy
on Material Cal/C?

30 Epon resin paint Paint blackens, 6.7

(2 coats) on Alumin, | Surface bresks into
non propagating flame, 15

an Epon resin paint Paint blackens. 9.2
(2 coats) on magne- Paint forms brittle
sium. blisters vhich flake
off exposing metal, 1
3? Epon resin paint Discoloration of top-
(2 coats) on wood, coat, 2,0
Topcoat Chars, 3.7
Wood Chars., 36
33 Bpon reain paint Paint blaciwns, 10
over washprimer om
ateel.
4 Epon resin paint Paint blackens, 7.9
over wvashprimer on
aluminum,
35 Epon resin paint Paint blackens, U
over wcshprimer on Surface breaks into
magnesium, non propagating flame. 16

Paint Carbonises and

flakes aff sxposing
metal on light screping. 2k

% Epon resin paint Macoloretion of top-

! over woodprimer on cost. 0,93
wood. Topcoat Chare, 2,7
Undercoat Chars. S.7

Wuod Chars, 18
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TABLE C-1 (Cont.)

Critical
Systen Material Description of Effect |Energy
on Material Cal/Cm?
37 Outside barracks Rlistering of topcoat. 10
psint on poplar Discoloration of top-
wood, coat. 1l
Toncoat Chars. 18
Wood Chars, 34
38 Fire retardant paint | Blistering and discolor-
on poplar wood, ation of topcoat.. 10
Sporatic charring of
topcoat. 16-21
Topcoat Chars. 21
Wood Chars, 66
| Undercoat Ghars, 81
Douglas Fir, Slight charring. 35
Uncoated. Firs: grain Char, 8.3
Second grain Char, 10
Poplar wood, Slight charring. 5.7
Unooated, Wood Chars, 8.9
39 Polystyrene. Hot mia,
Lo Polyester reinforoed | Charring begins, no
with fiberglass mat. | effect on wood, 28
A Celluloss Acetate, Wood Chars. Te2
Slight melting. 63
Destruction. 135
L2 Plexiglass, Wood Chars, 6.5
No other apparent
eritical points,
L3 Teflon. Destruction. 55
Ll Saran Sheet, Destruction. 7.6
L5 Polyethylene. Destruction, 30
- 48 -
SECRET
RESTRICTED DATA |

ATOMIC DNERGY ACT 1948




SECRET

Socurity lnlormation

TABLE C~1 (Cont.)

Systen

Material

Description of Effect
on Material

Critical
Energy.
Cal/Cm?

L7

W8

49

50

51

52
53
54

55

ViIWl Sheet,
GR~A Rubter,

Natural Rubber.

Viayl rubber.

GR-I rubber,

GR~-M rubber.

Uncoated Duck.
GR=S rubber
Vinyl covered

glass fiber.

Nylon fiber

Charring begins.

Slight discoloration,
Slight Blackening.
Grey discoloration.
Charring begins,
Destruction.

Slight discoloration.
Brown discoloration.
Grey discoloration.
Charring begins.

Slight discoloration.
Sporatic charring.
Charring.

Slight discoloration.,
Grey discoloration

Dk. green discoloration.

Charring begins,

Slight discoloration.
Grey discoloration,
Brown discoloration.,
Charring begins,

Slight discoloration
Destruction

Slight discoloration,
Charring begins.

Charring begins,
Deatruction begins.

Melting begins
Destruction begins
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TABLE C-1 (Cont.)

Critical
Syatem Material Description o. Effect | Energy
on Material Cal/sz
56 Dynel fiber Cherring begins. 5
Destructicn. 9
57 Saran fiber Charring begins, 2.8
Destruction, 5.5
58 Nylon monofilm Destruction 8
FM 3606
59 Orlon Destruction. 3
60 Vinyon (NORU) Destruction, 8.4
121-115 Barrier Material Slight discoloration, 6.3
Melting begins, 8.1

12]14C=I-1 Barrier Material

121-A-1I-I Barrier Material

1314-T~d Barrier k. lerial

117B-IC Waterproof bag

149-1 Ethylcellulose
149-2 Acetate-Butyrates

Slight discoloration
Charring begins,

5light discoloration.
Charring begins
Destruction

Melting begins
Charring of underiayer
Deatruction

S1ight discoloration.
Charring begins.
Discoloration of
underlayer.
Destructicn top layer.
Destruction of
underlayer.

¥elting begins

Meiting begins

. °
N

4
L-Ju :o\n\.o Vo -3
»N P -

BE o
O

27
5 (approx.)

5 (approx.)
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Socarity information

TABLE C-1 (Cont.)

Critical
System Material Description of Effect Energy2 ;
© on Material Cal/Cu ;
RWH 1756 Army Cocoon Slight discoloration 2.4
Charring begins 10
GE 5249 G.E. Cocoon Melting begins 5
Charring begins 19
AXS-673 Packaging No apparent critical
material points,
1
{
é
-5 -
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Soity informetion

TABIE C-2

Thermal and Blast Data (Field Exposures)

Station BAKER DOG

(hom, #1.)| Distence| Col/oa? | poi | Distance | Garet | pei
2000 2414 17.5 5.7 2,80 85 9.5
4000 4283 5.0 2,6

5000 5260 - 342 2,0 5249 18,5 3.8
7000 7230 1.6 1.4 T200 9.8 2.9
9000 9175 5.7 2.
12000 12130 3.3 1.5

* Egtimated values
Slant distanoce in feet

Blast measurementa by Sandia Corporation on Contraci to LaSH
Thermal measurements by NRDL and WML

BAKER Shot DOG Shot
Height 1118 ¢ Beight 1417 £t
140 £t N 56 f¢ ¥
1324 W 36 £t R
Size 3.47 K Sisze 20,9 KT
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‘TABIE C-4
Thermal Exposure Effects

DOG Shot at 2000 Ft.

Material i Effe

C-1 Paint oompletely gone. Panel shows heat blueing and
exocessive sandblasting.

C=2 Paint completely gone., Panal shows excessive sand-
blasting, One peanel half gone.

C-5 Paint ocompietely gone, Panel shows heat blueing,
exocessive sandblasting,and gravel damage.

Cc-6 Paint completely gone, Panel shows heat blueing,
exceszive sandblasting, and gravel lamage.

&7 Paint completely gone. Panel shows heat blueing.
excoessive sandblasting, and gravel Jdamage.

C-8 Paint completely gone., One panel completely gone.
Second penel shows excessive sand erosion and gravel,

C-12 Paint completely gone, Panels show heat blueing and
excessive sandblasting and gravel damage.

C-13 Small specks of what appears L5 be paint remains, The
rest of the panel shows sandblast effects.

C-16 Paint completely gone, Panels show heat blusing,
excessive sandblasting, and gravel damage.

c-17 Paint completely gone. Surface shows excessive
sandblasting and gravel damage.

c-18 Paint completely gone. Surface shows exceasive
sandblasting and gravel damge,

C-20 Paint completely gone. Surface has a gray mat
appearance,
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Table C~6

T TN

i ' Effect of Thermal Flux on Resistance to Salt Spray

: -0t I ™eT | B ce ] 6 c7 c8 ciz | ca3 | o6 | c20
" o jremomiw luea Lol sor) 935) 9531 105] «nel ] 5.0 w6
]&5 Adresion 316.1 | 281.0 | M3.0 |138.8 |[378.0 | 8k.0 | 108.5 | 212.8 | 208.0 | 96.6
Sheer Bardnees) 9.5 ]105.0 |102.0 | 88.2 | &.2 91.2 | 80.0} 101.5 1 101.5 | 92.0
i Flaxibil:ity 8.0 | «3.92| 4<3.@|»28.6 | 8.0 5.26] «3.92] «3.92] 6.78] 12.10
a | Alresion 153.6 165.9 | 78.5 J16.5 Ju.8 78| 78.8] 8.0 | 75.2 | 25.6
Shoer Berdness] T1.2 | 375 | w95 | 83.2 | 6.0 50.0] 78.8] s59.2 | 59.5 .
Fiaxibility 3R] ¢3.92] 8.6 |[»8.6 | 88 | 3.9 3.9 3.2 s5.91] 12
?.2 Abrasion 122.0 |197.0 {125.6 |100.6 |201.2 | 2108.6 | 86.5| 63.5] 89.2 | 83.0
o Swer Nardness] ¥9.5 | 56.6 | 37.2 | 6.2 | 53.0 51.8 ] %8.0] 0.5 | 55.5 »
Naxibillty 12.1 ) &3.% | 5.97} ¢3.92] 6.3 5.95] <3.92] «3.9%¢] «3.2] 8.6
ﬂ6 Adresion .| 9.5 | 872 | oh7 |102.8 | B7.8| 37.0] 83.3| 69.6 | 68.M
Cat Shear Nardnessf 51.2 | V6.2 | %0.5 | 58.0 | 55.0 5.2 ] 34.8] s58.2] 60.5 »
Flexidility 5.26] €3.92| ¢3.92] 16.0 | ¢3.92 6.3 7.271 «3.92] 3.6 8.0
o5 | Avrasicu 207.5 | #53.0 [ 1%0.5 |168.0 |h10.0 | 23h.0 | 235.0] 29%.0 | Tr.0 | 535
) ot fear Nardnesal 66.8 j112.5 | 68.2 J123.2 | @r.2 9.0 | 1005 | 81.2{ 8.2 | 107.2
Flexidility 5.971 <3.92] 5.26|»28.6 | 9.53 | <3.92] <3.%| «3.9%] 7.27|»28.6
9': Abresion 13%.6 J101.0 | 98.7 | ¥3.0 | 63.6 | 89.0] %0.5| B8] 76.h | 66.5
Shear Bardnessi] 53.0 8.5 k9.5 69.0 51.2 55.0| 67.8| 83.2 4.5 -
» Flexibility 5.0 | «3.92] 5.97|ya8.€ 5.5% 760 <3. <3.R (.27 10.5
$e7 | Axresion 1%0.8 |126.1 |13%.5 | 119.7 |19.0 96.8| A7.8] 5.1 58.8 | ws.a
- Shear Bardnessf 9.5 | M.2 | 2.8 | 58.8 | s1.0 53.0] 69.2] 58.2] 55.0 .
n2 Flexibility <3.9%} ¢3.% 5.26 | »28.6 9.53 8.0] 3.9 «3.%R| £3.9%2] 12,1
3.3 | Abresion 8.6 | .5 j131.3 § 9.5 .o | 110.5] 69.6] B87.7T| 1.6 835
ot Bhear Nardness] 3.8 | a2.0 | M2 | 628 | 515 52.5) 668} 615 ] %6.2 .
Ylexibility 12.1 | «5.9@}) 12.1 |»28.6 12.1 <39 4£3.9 <1.R 5.971 12.1
o‘_ Adras 1on 101.0 | B%.5 137 | 7”.M | 7.6 | 100.0]| T1.7| 89.8| 8.0 BAM
E 4.2 | b3.8 | M5 | 540 | %0.2 sh.21 6281 s53.2 ) 6.0 d

flazidility: % elongatica
Awssion: film loss (10~ 1)
Shewr Burdness: 1070 1n.
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Tabls C.7

Effect of Thermal Flux on Resistance to Accelerated Weathering

s#oT TRST ~LCI c2 c5 c6 ct 08 c1e €13 c16 c20 .‘
pE——
Flexibility 12.1 5.97T] 9.53[»28.6 | (3.2 9.55] £3-92| £3.%®] 5.55] k.76
12{5 Abras ion 250.0 |361.0 }338.0 |17h.2 [22c.8 | 229.0 ] 8.8 | 218.0 [ 175.5 | e7.9
Sheer Bardnessd 55.8 | 69.5 | 69.5 | 62.8 | 80.2 7804 725] 66.8 | 86.5] 9.0
Flexibility 10.5 | €3.92| 5.97[»28.6 5.26 | 43.%] <3.9%2| «<3.%| <3.92| <3.%
1’ Atrasion 142.0 145.0 1108.1 |102.6 [112.6 | 108.9] 108.5 | 6r.9 | 6.0 66.3
oed Shear Bardness] 47.2 | 43.5 | 43.8 | 6.2 | A6.5 A.81 59.2] 69.8 ) s2.5 *
» Plexibility <3.92] <3.92] 8.0 1228.6 | 12.1 | <3.92 «3.92] «3.%] <3.%| <3.9%
342 | Avbrasion 840 f134.2 1106.8 j1u.2 Ja2.0 | mo.0| 77.9] 718 | s0.3 91.2
. Snear Bardnoesf 35.2 { 39.5 | 43.8 | s55.0 | 47.8 50.81 59.21 W7.5 | 7.8 .
Flexibility 9.53 | «3.92 9.53|»26.6 | <3.92| «3.9%| «3.9%| «3.% <3.9{ 3.
106 | Aasion ™5 J105.8 | 92.6 {108.0 | oak | 90.0] %85| ¥7.8 | u6.6] 106.9 ‘
) o Shoar Hardnessy 43.8 | 45.8 | s1.0 | 9.0 | 515 | M8.2| 65| .8] as.2 .
Flexidbility €3-2] «3-2]«<3.92| 8.0 [<3.92] «3.9%| <3.9e] <3.% <£3.92] <3.
o5 | Abtrasion 109.0 [254.0 [252.0 [251.5 |25k.0 | 305.0| 97.5] 9.5 | oh.6| 8.8
ot Shoar Hardnoos] 58.0 | 58.5 | s58.2 | é2.2 | s59.8 8&.0] 7.8] 8.2 719.2] 78.0
Flexidility 2.1 [<3.R| 5.97T] <3.R ) «43.92| «35.9% <3.9%] <3.9%]| 5.2 <3.
9:;18 Abrasion $%6.2 | 8.5 | &1.0 | &.5 | &7 | 107.7] 62.8| 671 ] €1.0| 67.8
Shear Bardnesal 32.2 | 29.0 | 43.8 | ss5.2 | a3.8 80.5] M5 %6.5] 68.0 .
Flexibility 105 | «3.2] €3.92|>28.6 | «3.%] &3.9%9 «3.9%| <3.9%| .26 <3.
5139.7 Abrosion 117.0 1100.0 | 83.2 1.5 | 5.1 | 9.3 55.7| s8] 61.5] 78.5
o Shear Bardnoasf] k.5 | M.5 | 6.0 | sh.0 | %1.8 h2.2 | M.2] 385 wo.2 .
Flexibility 2.1 1 <3.92] <3.R|»28.6 | «3.] <3.9 «3.94 <3.%| <3.%| <3
?f? Abreston 8.0 ] 795 | 1.0 | 66.0 | T2.5 76.2] s2.0f 571 W[ 60.3
ot Shear Hardnees 5.8 3k.8 k2.0 A5 51.0 A7.0 60.0 9.0 6.9 68.2
. Floxibility 9-351 €3-92] 5.97[»8.6 | 5.26] 3.9 <39 «3.%] ¢3.9%| <39
oun- Abras ton 8.8 ] 868 | 86.8 | 19.2 | &5 83.81 s2.7| m.7| s1.3] 8.8
Foase Shear Bardnesa] M.0 | 1.5 | s0.0 | s1.0 | s1.2 M.2] 62.8] A.0] 51.8 .
Flexidility: % elongation
Atrerion: fil. loss (10°% m1.) * Burely Discumidle
Shear Bardness 10-2 in.
-3 -
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Table C-8

Effect of Thermal Flux on Resistance to High Humidity

et

i l
c16 c20
Flaxidility 12.1 | 3.92] 2.5 |¥28.6 | ¢3.92| 121 ] &3.92 &.76] 8.0 8.0
17.5 Abresion 209.0 |866.0 |362.0 J18e.0 |394.0 | 205.0 | 100.0] 176.0 | 167.4 | 133.6
om Shegr Berdness) 845 11308 1106.5 | 61.0 | 82.8 70.81 61.0f 03.8] 91.0] 9.0
Naxivility 12,1 | ¢5.92) 3.97[»28.6 | ¢3.92| 43.9%] 43.92] «3.%| 3.9 10.5
:2 Axresion 138.9 |e53.5 Jami.0 Jior.l | 96.7 %0.6| 60.5| 8.91 5.9 70.%
Sheer Serdnesal M3.5 | 32.5 ] 59.0 51.8 | 4.0 39.0] %8.8] B87.5] 65.5 »
| Flexibility 9.53 | €3.92] 6.78]928.6 | ¢3.92| 43.92] <3.99 «£3.%} «3.%R] 2.1
?&s Abrasicn 158.0 |2n.0 fim5.6 |135.0 J138.0 | 169.2} o.7| 65.0} 66.0| 89.8
oa Bhear_Bardness 30.8 1113.0 § 32.0 | k3.2 ] ko.0 43.8] 63.2] 55.24{ 51L.5 *
| Flexibility 3.0 £3.92] 6.18] €3.92] €3.92] <3.92] £3.94 &3.92] £3.%] 16.0
1’.'6 Abrasion 1%0.5 | uk.3 | 116.0 |107.0 | 84.8 18.1 | &6.0] L2 50.6{ 61.3
Cad Shesr Bardness] 30.8 | 5.8 | 2.0 | 63.2 8.8 | 31.0] 51.8] swo| ss.0 .
Flexibility 6.78] €3.92] <3.92{»28.6 | <3.92| «3.9 £3.99 £3.99] L.76 9.5%
{é_fg Abresion 1 316.0 | 300.0 | %16.0 | 176.7 | 333.0 | 33.0] 68.0| 105.2| 125.9] 105.7
- Shosr lu-cn-ul 8.0 | 722 | T2 | 645 | 69.5 .5} 7251 88.0| T75.2] 912
nummq1 6.78] €3.92] N.76]»28.6 | €3.92) £3.94 &43.94 <3.93 43.9] 2B.6
{:‘8 Abreslon Im.a 115.0 | 133.8 1135 | & g1.k| w7.81 72.2| 63.5| 829
Shaar 31.0 , 8.8 | mn.2 53.8 36.0 2.8 52.8|1 717.2 716.2 -
| Flaxidbllity I VT6) €3.92] €3.R[»8.6 | <3.R| 43.7 <3.94 <359 «3.9 16.0
{g |_Auresion 127.0 | 192.0 | 120.8 | 121.5 9.3 8T.h h2.6 51.% 58.7 T12.9
0.2 | w.o] 8] s8] 3.0 sh.2] 52.8] s1.s5) sT.2 L
Flexibility 12.1 | ¢3.9¢] 5.97] »26.6 | ¢3.%| 43.94 43.94 <«3.94 5.91 »28.6
?.'g Abrasion 101.0 | 116.0 | 100.4 8.9 ] &3 B8h.9] S52.h 80.0 62.8 99.3
o e 21.2f 295 | 31.8] s.2 | w.8 33.8| 62.0f 53.8] 5s2.0 .
Maxidbility [ w1 ¢3.9» 3.26| »26.6 | 3. R[ «3. <3 3.2 ¢3.%® 124
gu- AWrosion Im.e 206.0 |192.0 | 205.6 |126.3 | 125.0| 87.9] s5h.9} 99.6 | 100.0
Bheer l-un-u! 8 | 27.0 | .2 | 6.3 § 39.8 M.2] e6.2) 61.0] %1.8 .
Flexibility: § elocgation
Awwsion: fila lose (10°% m1) * Barely Dlsosrnidle
Sheer Bardnese 1077 ta.
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TABLE C-9

Effect of High Huridity on Painted Panels Expoaed to
a Thermal Energy of 85 Cal/Cn?

R I 3

System Surface Condition
Unexposed Entire surface covered uniformly with medium to heavy
Bare Panel rusting,
C1 Light blue in color, Coating jone. Light rust spots
covering about /0% of penel.
C5 Blue in color. Coating gone. Light ruatirg over about
20% of penel.
c6 Burned appearance to metal. Coating gone., Rust on
several drip streaks.
c7 Mettalic blue color, Coeting gone., Light rusting over f
entire surface, f
Cl2 About 10% of costing still in.act. Light rusting on
bare spots, Rust on drip streaks. i
13 About 5% of coeting still intact. Only slight signs of
white corrosion. Considerable abrasion damage. ?
i
H
C16 Light rusting on blued portions. Coating guone. Medium |
rusting on unburned metal., f
C20 Coating gone., Brownish-grey color surfece, Light rust- :
ing over entire surface. :
- !
Socarity K'wmetic: ocnn-xgklé
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TABLE C-10

Effect of Thermal Flux on Overall Flexibility

(¢ Elongation)

Critical
Energy Coating Systems
Cel/Cm< [ C1 | C2 [C5 c6 | c7 |cs cl2 | €13 | c16| c20
17.5 12,1] 4.6 | 8,7 | 22,2 | 5.8 | 10,7 | 3.9 | 4.2 | 6.2 5.8
18.5 503] 3.9 | 3,9 | Le2| 3.9 | 44| 5.0 3.9 5.8| 7.2
9.6 5031 3.9 | 5.3 204 | 5.8 | 3.9 3.9 3.9 5.5[20.4
546 10.2| 3.9 | 5.0 | 28,6 | 5.7 | 4.4 | 3.9 3.9 | 4.9 8.8
5.0 6.8| 3.9 | 4.6 | 28.6| 4.5 | 4.2 | 3.9 3.9 5.5]10.1
3.2 511 3.9 | 7.8 | 28,6 | 6.9 | 3.9 | 3.9 3.9 | 4.6 | 9.4
3.7 9.3] 3.9 ] 5.1 | 28,6 | 5.8 | 5.3 3.9| 3.9 | 4.6 |14.9
1.7 8450 3.9 | 7ed | 12,1 | 4.7 | 445 ] 3.9] 3.9 | 3.9 9.5
0 1.2 3.9 | 7.8 | 28.6 | 7.1 | 3.9 | 3.9 | 3.9 | 4.6 9.3
-7 -
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TABLE C-11

Effect of Thermal Flux on Abrasion Over-all Resistance
(Film loss in 10-411)

g T L

Critical
Enerpy Costing Systems
Level
cal/c | c1 [ c2 [¢c5 |cé6 |¢7 |c8 [cla2 |c13 [c16 |cC20

17.5 217 | 369 | 381 [ 165 | 331 | 173 99 | 202 | 184 | 106 3
18.5 178 | 336 | 266 | 198 | 332 | 294 | 134 | 131 97 82
9.6 132 | 120 | 104 80 i 93 24 74 67 73

5.6 (132|188 [ 119|107 107 99| 83| | & | 5%
5,2 128|139 | 110 | 118|103 | 9% | 49| 8| & |
3.2 |121]187) 136|135 | 117 | 129 | 68 | 67 | 78 | 88 3
3.7 0| %101 83| 8| | | 68| 2| &1 ‘
1,7 106 | 106 99 | 103 9 85 L4 59 56 | 1 ]%
3
0 128 | 126 | 137 | 19| 9% |103| | 0| 57| &9 f
[ ]
-7 -
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TABLE C-12

; Bffect of Thermal Flux on Shear Over-all Hardness
; (Wdth of Scratch in 10-3 in.)

(ritical
Energy Coating Systems

cal/c;2 c1| c2 ] cs5}| c6 | c?7 c8 | ci2| c13| c16| c20

17.5 8.9 $5.1| 92,7 70,7 | 82.8 80,0 71.2| 84,0| 93,0 | 90.7
18.5 69,6 81,1 | 66,2 83.3| 63.5 13.8|83.2| 86,2 78,2
9.6 40.8( 55.1| 41e5| 5943 | 43.7 46.1| 56,0 72.3| T2.9
5.6 54.0] 37.8| 5048 | 60.4 | 5105 4Ae2 | 65.9 | T2.2 | 5%.2
5.0 Wlod | 41e6] 40.5] 52,0 | 40,9 4342 | 56,8 | 49.4 | 50.8
32 38,5] 69.8| 37.7] 54.8 | 46,9 48.8 | 60,2 51.1| 51.6
3.7 42,2 35.4 | A2.3| 4B.8 | 47.8 444 | 6.2 55.4 | 51.6
1.7 Ble9| 41e2 | 4he5 | 5364 | 4Boh 4645 | 64,0 | 56,0 | 54,6

Barely discernible due to
white color

0 Q7| 3401 ] 449 56,8 | 47,1 48.9 | 63.9 | 5.1 53.2
-n-
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TABLE C-13

Kffect of Thermal Exposure on the Properties of Fire Retardant Paint

—

Thermal House Paint (TT-P-40) Fire Retardant Paint (VV#20)
Expogure | Weight Loss | Char Volume | Weight Loes Char Volume
Cal/C? Grams Cubic Inch Craas Cubic Inch
Unexposed 1.8 5.84 1.7 5045
1.7 10.8 3.98 9.4 3.92
3.7 12.0 4,81 10.8 439
3.2 12.4 3.95 9.4 3.88
5.0 12,6 4467 10.1 3.44
5.6 11.7 5.0 G2 3.05
9.6 11.9 5.0 9.0 2.83
id, 11,2 7.29 16.7 6.91
17.5 12,5 5.01 14.3 5.79
85 116.0 Burned up 49.83 12,45
completely
/
-7 -
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TABLE C-17

Bffect of Thermal Flux on the Breaking Stremgth of
Rubber Coated Fabrics

Thermal Flux (Cal/Cx?)

Naterial Unexposed | 1.6 3.6[3.2[ 5B [5.6]9.6 [ 18,5 17.5
122
12

Natural 131} 135{1321135| 132 | 65.5| 132 | None
Neoprene GN 1191110(115| 115|114 | 118 | o8 83
@I 10 | 11|12 120|129( 202 [ 235 {123 | &7
R-S 122 1051115123 1119 115|117 | 32 None
l GR-A 109 105 119|161 116|121 | 112 | 114 None
7inyl 130 138| 136| 119 | 140 | 135 | 103 | 105 78

; Unocoated
. Duck 18 128| 132 129 | 149|132} 75 | None | None
| 7mmh) 68 67| 65| 67| 63] 48 None'l None | None

Breaking strength in 1bs/in
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TABIE C-18

Effect of Thermal Flux on the Ultimate Elongation
of Rubber Coated Fabrics

Material [Unexposed| 1.6 Thg?l%% 9.6 18,5| 17.5
Natural 11 13 13 12 1|10 4 1 None
Neoprene GN 12 15 13 12 12 114 11 7 7
GR-I 12 13 125111 |1 |13 |12 |13 8
GR-S 9 9 (10,511 |11 {10 (10 9 | None
GR-A 12 13 }VA 1 13 | 12 11 1 None
Vinyl 12 1L 15 pVA 13 | 12 8 8 5
Untreated )
Duck 12 jVA 13 12 12 | 14 7 None | None
Neoprene
(Lab. Batch) 19 19 (18 [18 |15 |15 | None| None| None
Ultimate elongation in §
-89 -
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Table C-19

Camparison of Thermal Effects

lahoratory Flux va, Field Exposure

CAATDIG SYSTRG
Oriticsl m- [} System C2
oal. /On.? jebarstory l Fia1a Laboratory Pield Jd
16 | 5o test Bams smoke No test o apparent damage
on one 1
Demage pane
302 Bo test No apperent damage. %o test Some of %“he dlistexe
A fow socattered dits flaked swuy sxposing
of grevel imbedded panel
in the swrface
3.3 Ho test apparen' Bo tet Ko apparent damage

5.8 %0 apperent damage

ool
Same erve
gravel damge. A
fov fine bdlisters

No t desmage
No apparent change
in of sheen.

ion and

Ro apparent damage

A fow fine blisters.
Scme auwrface erosiom
and gravel dsmege.
Bome imbedded dust.

502 HOo apparent dameg: o apparent damage Bo apparent dammge No spperent damage
Slight ohmrring of Soms gravel damage. Inoipient charring. One o two 1inaipi-
08 swriaoe Gmall saant of No dlistering ent blisters.
9 inbedded dirt Scme gravel demage
and imbedded dirt
13.5 Definite charring Fine blistews. Light surface char Charring on both
of film - film BSame pitting of panela. One panel
present but no life Bisters. Bome chowe fine blisters
imbedded dirt and pitting, the
other bdlistering
and flaking
17 Nin ocharred, life Saall blisters Light surface cher Surface ocat oharred
'5 gms out of film evenly over the and dliatered. Thin

undarocatl is o.k.
Tvo top ocats gono

o

m Labaratory rea ladarstary Field
10 J Soattered bdlisters BO apparent damege Bo test Ro apparent damage
o
3.2 Soattered blisteare Boattered dlistare Ro teat Ko apparent damage
red 1o ocolor mali to large
3.3 Bosttered blistere Small to large. Bo test Bo apparent damage
red ia calar - Redd Lok Dlisters
some oharred in the resinows grain

5.8 Top coat pitted,
sale odMITing

Smal)l o lorge
blistere in resinows
grain. Grein red.
Blistere hlsak

Bo apparent damage

Sams swrface srosicm
and ab oceas lonal
dlister. Bo oppre-
oiable smowmt of

inbeldded dire
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Table C~19 (cont.)

Comparison of Thermal Effects
Laboratory Flux vs, Field Exposure

COATING SYSTDMES

c:‘:gﬂ System Ck I Syatem C5
L)
al./Cm.2 lLaboratory Fiold ! Labaratary Field
502 Top coat pitted Small to large Ko apparent dsmage No apparent dsmage
and charred, bliaters. Blisters
undercoat intact red and dlack
9.8 Tnp coat gons, Charring and No apparent damage Some gravel damage.
undercoat intact blistering in the Some imbedded dirt
resinoua grain
18.5 Coating gone, Coating gone, Some redening. Blistering and flak-
browning of wood resinous grain No bliaters ing wvith exposurs
charred of panel. Same
charring on the
odges
Coating gone, Coating gone, Somo redening. Charring, blister-
1'7.5 browning of wood rouincus grain shovs No bdlisters. ing and flaking -
deep char Some charring
1
c;::_:l i Sreten C7 i Systea C8
_/ca? Labdorator Pield Labarstary Field
1'6 No test Mo apharent damage No teat Ko apparent damage
:3.2 No test No apparent damege No test Kc apparent damage
3.3 No test Ko apparent damage Ko test %o apparsnt dmmage
5.8 Some blistering No visual damege Ko apparsnt damege No change in ovlar,
inclipient, redening Some gravel damage.
Some imbodded Adirt
5.2 Ko apparent damage No apparent damage Ko appai ont damage No apparent Adamege
9 8 Hair line cracke with | No apparent damage Ho apparent damage Some gravel damage
4 roddning and charring
in cracks
18.5 Bl istering, pitting Palnt cusplately Small radish spote Top coat gone.
and charring - no gone. larges bilat- starting to farm. Primer appareatly
motal axpoved ore flaked off. Bo othex apparent intact. Panel hus
Hod and green spota damage yellow spots and
- on the panel large blintars
1'7.5 Seyerv charring and Surfece coatl shows Righ spols of film Coating charred,

flaking with panel
expoced in apots

mottled apjoarance -
of brown, red,
Yellow, grecn, with
large flakoe

show s igw of red
to bleck colaring.
Ko other spparent
damage

fine pliiting tc
show primer.

Some pitting dowm
o motal

-

. e bt

" 5o

v
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Table C-19 (conte)

Comparison of Thermal Effects
Iaboratory Flux vs. Field Exposure

COATING SYSTE

Gritioal tm C10 Syatem Cl1
2
/On. Jield hlbornm Field
106 Ro apparent damage %o apparent damage Ro apparent damage o apparent damage
3.2 Pine to mediwma Spotted red spots. Blight surlace char, Covered vith fine
Wistere. Redning Same red dlisters no dlistering bllsters in resin-
of the film ous grain. Scat-
tered blisters in
other grain
5.3 Fine o asdim A fow red spots on 8light surface char, Coves 1 with fine
Wisters, scae the reeinous grain no dlistering blister: on reein-
eharring. Redning ous grain
of the fllm
5.8 Toy film ohmTed, Small to large Coating charred. 8l1ght fading of
wdarocat intes: bliaters. Reainous No charring of wood colar. Reainous
@ain charred grain charred
542 Top fila chaxred Small to large Coatlng gone. No Fine blisters,
d but intact - blisters. WMo charring of wood charring of re-
ocovered vith blisters | ohwrring of wood sinous wmod
9.5 Coating gooe. Wo Surface ocovered Coating gone, very Rxcessive charring
aharring of woeld wvith fine to large slight surface ochar and blistering.
tlistere. Consid- Pittine of coating
ersdle flaking and
ohaxTing
18,5 |Coating gune, slight | Coating gone, deep Coating gone, Coating gone, deep
surfave ohmTing ocharring in resin- surfeace char of wood char in reainous
ous grain grain
17 5 Coating gooe. Couting game in Coating gone, Reairous grain
* Surface charring spots showing un- surface ohar of wood charred, other
i oharred wood. grain not charred
Resinous grain
charred
"&:‘ (37 Sreten C13
Ladore Tield Labaratoary Fleld
1.6 Bo test £0 apparent damage Ro teat No apparwat demags
32 |Bo test Bo spparent damege Bo teat Bo apparent demmge
3.3 B test Bo spparent damage BO test No apparent damege
5.8 Bo epparent damage Same awrfece Bo agparent dsmage Someo lightening in
arceion., Slight colar. Conslder-
darksnlng in cular. able blistearing
Some labedded dire and dleintegration
of top fila. Some
iabedded d1irt
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Table C=19 (conte.)

Comparison of Thermal Effects
Laboratory Flux vs. Field Exposure

COATING SYSTIMB

surface charring of
wood

ckar in roelnous
grain, eamo char

surfece. Flla intact

Critical I
Energy Sys tem C12 Systea Cl3
Cal./Cm.2 Labaratory rield Laboratary Flold
5 o2 No apparent damage No apparent damage No apparent dmmage Nc apparent damage
9 g8 Blackening of film Some gravel damage No apparent damage Considerable
M surface. No other blistering and
apparent damaye flaking of top
coat. Bllsters
red in golar
Blackening of film Surface covered Surface charring Surfeace charred
1845 |eurface. No other with fine bliaters coating still intact |and alligatorting.
apparent dmmage and pitting. Some Coating gone in
large blisters ex- apols leaving
poeing the panel black surface
depoaita
No apparent damage Charring and Severe blackening of Charring and alll-
(28 cal. shows large blistering of film. surface vith film gatoring of the
17 5 black surface de- Same pitting still intact. Ko surface. Ono 8ilde
* posita. Film intact) blisters appears to be burnt
off. Scme gravel
damage
ity
&hr;l System C15 System C16
al./Cm.? Labaratory Fiold Labaratary Fieid
106 Ko apparent damage K. apparent damage No test No apparent damage
Some surface char Cirvered fine to W test No arparent dsmage
3-2 medium blisters.
Scese cracking and
peoling
3.5 Some surface char Covered with No test No apparert damage
blisters on toe
res inous graln
N |
5.8 Surfaece char. No Fine W largn Ko apparent dasage Bo colar change.
char on wood blisters. large You acattlored
blisters flaked off blilotare. Jume
showing wood char- iabedded 4&1irt
ring underneath
5.2 Surfece char Fine %o large Bo apparent damage Bo apparent dmmage
bitsters. Charring
uwnder dlisters
9 o) Coating charred, Excessive surfaceo Yary slight darken- Amsall W large
* 1ight charring of charring ocepecially ing of film. No dlistere along
wood in resinous gre’s othor apparent &mm-_ o cdges of pancls
18.5 Coaling gone, Coating goow, duop 3light blackening of Bcorchling, check-

ing and alligntar.

ing. Contalms

in olher grain ver; fine bilsters |
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Table C~19 (zonte)

Comparison of Thermal Effects
laboratory Flux v3. Field Exposure

COATING SYSTEW

Systen C15

System 016

Coating gone, wood
charred in resin-

suwrf{ace. Fllm Intaot

Surface entirely
charred; oxtreme

ous grain in spots. Same
gravel damage
System C18

1'6 No test

Field

No apparent damage No teat Nc apparent damage
3 o2 [|Ho test No apparent damage No teat Ro apparent dsmage
3.3 ¥o teat No apparent damage No teat No apparent damage

5.8 No apparent damage

Ko epparent damage

No apparent damage

No apparent damage

542 [%o apparent damage

No apparent damage

Ko apparent damage

No apparent dnmage

9.8 |rine vitster

Sars bliatering
and smoke smudging

Ko appurent dsmage

No apparent danage

18.5 So-.n-face coating

(ne punol charred,
other panel blist-
ered and chacred

Inciplent surface,
charring and
blistering of coai-
1., no char on wood

Surface char

Coatlng gone, smme
17.5 la:‘:fma char

Coating gone,
ocuarring in spote

Coating charred,
surface char - wood

Coating charred
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S.?ic;l/'c-2

507 Cll/cm2
P10 Dynel P13 Vinyl Covered Glass
P11 Orlon P14 Nylon
P12 Cotton P15 Saran

P16 Nylon Monofilm (FM 3606)
2
Fige C-2 Effect af Thermal Flux (cal/cm ) on Various Fibers
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18.5 cal/on? 18.5 cal/ca’

CF1 GR-S CFS GR-A

CF2 GR-I CP6 Natural Rubber ,

CF3} Neoprene GN CF7 Vinyl Chloride-Acetate Cupol. Q

CF Untreated Duck CF8 Neoprene (Lab. Batch.) l
Fige C-3 Effect of Thermal Flux (cal/cmz) on Coated Fabrics
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