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FOREWORD

This report was prepared by the Forest Products Laboratory, Forest Service,
U. S. Department of Agriculture under USAF Delivery Order No. DO (33-616)53-20,
Amendment A2(55-295), dated September 13, 1954, This contract was initiated
under Project No, 7340, "Rubber, Plastic and Composite Materiels®, Task No,
73400, *Structural Plastics' formerly RDO No. 614-12, "Structural Flastics",
end was administered under the direction of the Materisls Leboratory, Directorate
of BResearch, Wright Air Development Center, with Mr. R. C. Tomashot a;zting a8
pmjeét enginsger,

This report covers period of work from July 1954 to September 1955.
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ABSTRACT

Eleven different glass-fabric-base pPlastic laminates, made with 9 different
laminating resins, were subjected to outdoor weathering at 5 sites having entirely
different weather conditions. After completion of the exposure cycles, the lami-
nated panels were tested in-tension. compression, and flexure at the U. S, Forest
Products Laboratory. Data on the effect of exposure on the mechanical properties
and the appearance of the laminates after exposure periods of 3 months and 12
months are presented in this report.

Another series of panels is still undergoing exposure at all sites, and this
series will be tested after 3 years' exposure. Upon completion of tests of these
panels, all data will be compiled in a final report,

Data obtained from the tests made to date show that the effect of outdoor
exposure varies with the type of laminate and condition of oxposure. The laminate
materials showed no severe reductions of strength after outdoor exposure for one
year. Most of the materials showed average reductions of from 5 to 10 percent.
However, one type of material, that being the heat-resistant polyester reéin

leminates, showed reduction in strength averaging about 20 percent,

PUBLICATION REVIEWN

This report has been reviewed and is approved,

FOR THE COMMANDER:
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Technical Director
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INTRODUCTION

Considerable data are available on the mechanical properties
of glass-cloth reinforced plastic lsminates after normal or wet ex-
posure. Few tests have been made, however, on materiasl that has been
subjected to outdoor weathering for extendead pericds of time. Many
different factors are expected to affect the ability of laminates to
resist outdoor weathering. These factors include such variables as
(1) site and conditions of exposure, (2) type of glass-cloth rein-
forcemenf, (3) finish on fabric, (4) type of resin, (5) method of
curing resin including catalysts, accelerators, and temperature, and
(6) resin content. Extended weathering tests require so mich time
thet it is difficult to isolate and determine the effect of all of
the factors affecting the weathering characteristics of laminates.

It is the purpose of this study to determine the effect of
outdoor weathering on several types of glass-cloth leminates at 5
different exposure sites for periods up to 3 years. The exposure
sites and conditions of exposure are (1) Alasks (arctic), (2) Panama
(jungle), (3} Florida (salt air), (&) New Mexico (arid), and (5)
Wisconsin (temperate). Tests of the laminates after various exposure
periods will indicate the relative resistance to outdoor weathering
of the particular laminetes included in the study.

The results of tension, compression, and flexural tests of
leminates subjected to exposure periods of 3 months and 12 months are

Presented in this interim report. The laminates to be exposed for 3
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years will be removed from the exposure racks in August 1956, and a

final report will be written after completion of all tests.
I. DESCRIPTION OF MATERIAL

A11 of the panels were parallel lamineted of 181 glass fabric
and were approximately 1/8 inch thick. The number of plies of faﬁ;ic
varied with the febrication technigues and the type of resin. The
fabric finish used with each resin alsc varied so that fabric finish
and resin were compatible. Two panels, about 1/8 by 36 by 36 inches,
were fabriceted for most of the laminates. For three of the lami-
nates, however, panels of a smaller size were made because of the pro-
cess, technique, or limitations of the equipment used in fabrication.
Most of the laminates were fabricated at the U. S. Forest Froducts
Laboratory. A few, however, were made by other laminators.

All panels were cured in a press With the exception of panels
336 through 341, which were cured at room temperature. These panels
were cured in a vecuum bag at room temperature and were free of bubkles
cr voids.

The fabricetion details for each laminate follow.

Panels Nos. 301 and 302

Febricated at Forest Products Laboratory.
Size: 36 by 36 inches.
Resin: Selectron 5003 (Pittsburgh Flate Glass Co.). (Polyester)

Catalyst: 0.8 percent benzoyl peroxide.
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Cloth: 181-Garan RS-49 rfinish.

Number of plies: 12,

Method of impregnation: Hangd pouring and spreading.

Initial resin impregnation: 55 percent.

Diffusion periocd: 2 hours.

Curing time and temperature: 20 minutes at 220° F. followed by
70 minutes at 250° F.

Pressure in press: 14 pounds per square inch.

Parting film in press: 600 PC cellophane on both sides of lami-
nate between L/4-inch aluminum cauls.

Cushion in press: 2 sheets of 0.027-inch chipboard on both
sides between cauls and platens.

Removal from press: Hot.

Comments: Panels were uniform in color and translucency. They
were essentially void-free, but certain areas had slight

concentrations of small bubbles.

Panels Nos, 303 and 304

Fabricated at Forest Products Laboratory.

Size: 36 by 36 inches.

Resin: Plaskon 911-11 (Libbey-Owens-Ford Glass Co.). (Folyester)

Catalyst: L4 percent Paste made of equal parts of benzoyl perox-
ide and tricresyl phosphate.

Cloth: 181-Garan RS-49 finish.
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Number of plies: 12.

Method of impregnation: Hand spreeding with squeegee.

Tpnitial resin impregnation: 41 to 43 percent.

Diffusion period: Rolled up 16 to 20 hours.

Curing time aﬁd temperature: 90 minutes at 220° F. platen
temperature.

Pressure: 14 pounds per square inch.

Parting film in press: 600 PC cellophene on both sides of
leminate between 1/4-inch aluminum cauls.

Cushion in press: 2 sheets of 0.027-inch chipboard on both
sides between cauls and platens.

Removal from press: Eot.

Comments: Because of the high viscosity of the resin, it was
difficult to fabricate the panels and to obtain uniform
resin impregnation. DPanels were spotty with regard to
translucericy and number of voids. Voids were substantially
larger than in any of the other panels fabricated for this

study.

Panels Nos. 309 and 310

Fabricated at Forest Products Leboratory.
Size: 36 by 36 inches.

Resin: PDL-T7-669 (American Cyanamid CoJ. {Heat Resistant Polyesier)

Catalyst: 0.5 percent benzoyl peroxide.
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Fanels

Cloth: 181-Garan RS-49Q finish.

Number of plies: 12,

Method of impregnation: Hang pouring and spreading.

Initial resin impregnation: 58 percent.,

Diffusion peried: 2 hours.

Curing time and temperature: 4o minutes at 220° F., platen
temperature.

Pressure: 14 pounds per square inch.

Parting filw in press: 600 EC cellophene on both sides of lemi-
nate between 1/h-inch aluminum cauls.

Cushion in press: 2 sheets of O.OE?Qinch chipboard on both siges
petWeen cauls and platens.

Removal from press: Hot.

Fostcure: 500° F. for 3 hours.

Comments: After postcuring, the panels were light brown in

color.

Nos. 313 and 314

Febricated at Forest Products Laboratory under direction of a
representative of Naugatuck Chemical Co.
Size: 36 by 36 inches.

Resin: Vibrin X-1047 (Naugatuck Chemical Co.). (Heat Resistant Polyester)

Catalystf 2.0 percent benzoyl peroxide.

Cloth: 181-Garan RS-49 finish.

WADC TR 55-319 -5~



Number of plies: 13.

Method of impregnation: Built dam around ceul and poured in
about 70 percent resin by straining through cheesecloth.
Then vplaced the assembly of 1% plies of cloth on the resin
and let the resin diffuse through the cloth from below.

Diffusion period: 16 to 20 hours.

Prepressing operation: Removed voids and much of the excess
resin from laminate with wooden squeegee.

Curing time and temperature: 200° F. for 15 minutes followed
by 250° F. for 2 hours 15 minutes.

Pressure: Contact for 10 seconds, and then 4O pounds per square
iﬁch for remaining time in press.

Parting film in press: 600 FC cellophane on both sides of Jami-
nate between 1/16-inch aluminum cauls.

Cushion in press: 10 sheets of 0.027-inch chipboard on both
sides between caul and platen.

Removal from press: Turned off steam and cooled slowly under
pressure.

Postcure: 400° F. for 2k hours.

Comments: After postcuring, the panels were light brown in

color.
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Panels Nos. 319 and 320

Fabricated by Shell Development Co.

Size: 36 by 36 inches.

Resin: Epon 1001 (Shell Chemical Co.}. (Epoxy)

Catalyst: L percent dicyandiamide.

Cloth: 181-Volan A finish.

Number of plies: 12.

Initial resin content: Not divulged.

Parting film: Dow Corning Release Agent XEC 1554,

Cushion in press: 2 plies of 0.060-inch alpha-cellulose on
each side under 16-gage stainless steel cauls.

Pressure and temperature in press: Contaét pressure for 15
minutes, followed by 25 pounds per square inch for 25 min-
utee, all at 174° C. (345° F.) platen temperatures.

Removal from press: Cooled under pressure.

Comments: Panels were a greenish-gray color and appeared to be
essentially void-free except at the edges. The outer 1 or
2 inches at the edges were lighter in color apparently due
to the voids. The surfaces were somewhat rough probably

dué¢ to the parting agent.
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Panels Nos. 321 and 322

Fabricated at Forest Products Laboratory.

Size: %6 by 36 inches.

Resin: Dryply 81 (Flexifirm Products). (Polyester)

Catalyst: DNone added at time of fabrication.

Cloth: 18l-Garan RS-4S Pinish,

Number of plies: 11.

Method of impregnation: Impregnated by Flexifirm Products be-
fore receipt at U. 3. Forest Products Laboratory.

Curing time and temperature: 270° F. for 33 minutes.

Pressure: 50 pounds per sguare inch.

Parting film in press: 600 PC cellophane on both sides of lami-
nate between 1/4-inch aluminum cauls.

Cushion in press: 2 sgheets of 0.027-inch chipboard on both
gides between caul and platen,

Removal from press: Cooled under pressure.

Comments: Panels were very light tan in color.

Panels Nos. %26 and 327

Fabricated by Shell Development Co.

Size: 36 by 36 inches.

Resin: Fpon 828 (Shell Chemical Co.). (Epoxy)
Catalyst: 13 percent Curing Agent D.

Cloth: 181-Volan A finish.
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Panels

Number of plies: 12,

Initial resin content: Not divulged,

Parting film in press: 600 PC cellophane.

Cushion in press: 2 sheets 0.060-inch elpha-cellulose on each
side of leminate between 16-gage stainless steel ceuls and
rlatens.

Pressure and temperature in press: Contact pressure for 5 min~
utes, followed by 25 pounds per square inch for 25 minutes,
all at 115° C. (239° F.) platen temperature.

Removal from press: Cooled under pressure.

Comments: Panels were light olive in color, uniform in trans-

lucency, and essentially void-free.

Nos. 331 and 332

Fabricated at Forest Products Laboratory.

Size: 36 by 36 inches.

Resin: DIC 2104 Siliconme (Dow Corning Corp.). (Silicone)

Catalyst: None added at time of fabrication.

Cloth: 181 heat cleaned; no finish.

Number of plies: 12,

Method of impregnation: Impregnated by Polymeric Co. before
receipt at Forest Products Laboratory.

Curing time and temperature: 340° F. for 45 seconds. Press
then opened and closed to full!ﬁressure within 15 seconds.

Full pressure at 340° F, for 17 minutes.
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Pressure: U45 pounds per squere inch.

Parting film in press: 600 FC cellophane on both sides of lami-
nate between 1/16-inch aluminum cauls.

Cushion in press: None.

Removal from press: Cocled under pressure.

Postcure: 16 hours at 195° F., 1 hour at 260° F., 1 hour at
300° F., 1 hour at 350° F., 1 hour at 420° F., and 140
hours at 480° F.

Comments: Panels were white in color.

Panels Nos. 336, 337, 338, 339, 340, and 341

Fabricated at Forest Products Laboratory.

Size: Nos. 336, 337, and.338 were 18 by 25 inches; Nos. 339,
340, and 341 were 12 by 27 inches.

Resin: Selectron 5003 (Pittsburgh Plate Glass Co.). (Bolyester)

Catalyst: 0.5 percent tertiary butyl hydroperoxide.

Promoter: 0.5 percent Nuodex cobalt {6 percent solution).

Cloth: 181-Garan R3-49 finish.

Number of plies: 12.

Method of impregnation: Hand pouring and spreading.

Initial resin impregnation: 60 percent.

Description of general fabrication procedure: A l/h-inch—thick
flat aluminum caul, several inches larger than the laminate

-
to be fabricated, was covered with 600 PC cellophane. The
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correct dimension of the laminate was drawn on the cello-
Thane. A rope of breather cloth was placed about 1-1/2
inches from and surrounding the dimensions of the laminate
before the lay-up of the laminate was made. The assembly
was covered with polyvinyl alcohol film, and a vacuum
connection was fastened to the film above the breather
cloth. The film was sealed to the cellophans-covered caul
with aircraft putty, and a low vacuum (5 to 7 inches mer-

cury) was applied.

Diffusion period: 10 to 15 minutes.

Removing voids and excess resin: Voids and excess resin were

removed with a wooden sqQueegee. The thickness of the lami-
nate was checked periodically,and the process of working
out resin continued until the approximate thickness was

attained.

Curing time and temperature: Laminate Jelled in 1 to 2 hours

at room temperature (70° to 80° F.), but it was maintained
at room temperature for about 16 hours before removal from

the vacuum bag.

Pressure: Veacuum pressure (5 to 7 inches mercury).

Comments: Panels were uniform in color and translucency and

were void-free. Color was a very light gray. These panels
were more translucent than any of the other panels fabri-

cated for this study.
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Panels Nos. 342 and 343

Febricated by Naugatuck Chemical Co.

Size: 22 by 22 inches.

Resin: Vibrin X-1047 (Weugatuck Chemical Co.). (Heat Resistant FPolvester)

Catalyst: 2.0 percent benzoyl peroxids.

Cloth: 181 with OC-301 finish.

Number of plies: 1.

Method of impregnation: All 1k plies of cloth were laid in a
pool of resin and allowed to soak overnight. The cloth
and resin were then sealed in a cellophane bag and
squeezed to remove excess resin and air.

Pressure in press: 10 pounds per square inch.

Temperature and time in press: 1/2 hour at 160° F., 10 to 20
minutes to reach 250° F., followed by 2 hours at 250° F,

Removel from press: Hot.

Postcure: 24 hours at L00° F.

Comments: After postcuring, the panels were light brown in
color. Color and translucency were about the same as
Panels 313 and 314, which were fabricated at the Forest

Products Laboratory.
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Panels Nos. 346, 347, 348, and 340

Fabricated by Bakelite Co.

Size: 28 by 35 inches.

Resin: Bakelite BV 17085 (Bakelite Co.). (Heat Resistant Phenolic)

Catalyst: None.

Cloth: 18l-Volan A finish.

Number of plies: 13,

Method of impregnation: Laminating treater.

Initial resin content: 40 percent.

Precure: Dried at 285° F, to a volatile content of 2.9 percent.

Curing cycle: 40 minutes at 300° F. ang 45 pounds per square
inch.

Removal from press: Cooled under Pressure.

Postcure: 15 hours at 250° F., 4 hours at 300° F., 4 hours at
340° F.

Comments: After postcuring, the panels varied considerably in
color from a light to a dark brown. All panels had a
slightly reddish hue. The center area of the panel was
usually appreciably darker than the area at the edges with
an abrupt transition from the dark to the light colored
arsas. There appeared to be a greater dissimilarity be-
tween these panels than between those of the other lami-
nates in this study. The panels were also the least trans-

lucent of the laminates.,
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General

A1l of the panels were translucent in that they prermitted the
transmission of some light. The degree of tramslucency, however,
varied greatly. £n illustration of a specimen from each of the con-
trol subpanels, photographed with transmitted light, is shown in fig-
ure 1,

After the resin was cured, each laminated panel was trimmed,
measured, and weighed, and Baféol hardness readings were taken. The
specific gravity and resin content of the trimmed panel were then
determined. The approximate percentage of resin content was computed
from:

Weight of laminated panel - weight of fabric in panel
Weight of laminated panel

x 100

General information on each of the panels is given in table 1.

When additional postcure of & particular laminate was required,
the penels were cut to a maximum size of 18 by 24 inches so that they
would fit in the high temperature oven available. TFostcuring was

then completed as described for individual laminates.
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II. MARKING AND FXFOSURE OF PANELS

Each laminated panel was cut up into 9- by 12-inch subpanels
as shown in figures 2 to 5. Fach subpanel was numbered at one edge
as shown in the figures with the original panel number followed by a
letter of the alphabet, By this method, it is possible to determine
the location of each subpanel in the original laminated panel. Thoss
with certain letter designations were assigned to specific exposures.
For example, all of the subpanels designated by the letters F or R
were used for control tests, those with the letter A were sent to
Alaska for 3 months' outdoor weathering, those with the letter K went
to Panama for 12 months' outdoor weathering, snd so on.

In marking each laminated panel made at the Forest Products
Laboratory and in numbering each subpenel, the top of the panel as
laminated was the face upon which numbers were placed, This proce-
dure was not particularly important in this study since all panels
were parallel laminated of 181 glass fabric, but it follows the gen-
eral marking procedure used at the Laboratory. In panels received
from other sources, the side that had the identificsetion markings was
assumed to be the top ply of the panel as laminated.

The subpanels for control tests, designated by the letters F
and R, were stored in a normel atmosphere maintained at 73° F. and

50 percent relative humidity until they were cut into test specimens.,
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In subsequent discussion, these panels will be referred to &s the con-
troel panels.
The G- by 12-inch subpanels designeted for exposure will here-
after in this report be called exposure panels. After at least 2
weeks' conditioning at a temperature of 73° F. and a relative humidity
of 50 percent, 10 Barcol hardness readings were made of each face of
each exposure panel. The panels designated for outdoor weathering
were then mounted on 1- by 4-inch boards with 5 or 6 panels on each
board. Each panel wes fastened to the board with 2 screws and kert
from contact with the board by small wood blocks about 1/2 inch thick.
A1l the mounted panels except those designated for exposure at Madison,
Wis., were then crated and shipped to the appropriate exposure site.
The mail addresses and exposure conditions of the five outdoor
exposure sites were:
(1) University of Alaska
Geophysical Institute
College, Alaska
(Arctic conditions)
{(2) Navel Research Laboratory
Tropical Exposure Station
Coco Solo, Canal Zone
(Jungle conditions)
(3) New Mexico College of Agriculture
and Mechanic Arts
School of Engineering

State College, N. Mex,
(Arid conditions)
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(4) South Florida Test Service
4201 Northwest Seventh Street
Miami 34, Fla.
(Salt air exposure)

(5) U. S. Forest Products Laboratory
Madison 5, Wis.
(Temperate conditions)

The exposure panels were placed outdoors et each of the 5 sites
on or about August 15, 1953. The penels were mounted on racks, so that
the face to be exposed was facing south and was tilted upwards at an
angle of 45 degrees from the horizontal. The exposed Face was the bot-
tom side of the panel as leminated, and thus the panel numbers were on
the sheltered face. A photogreph of panels on exposure racks at the
Florida site is shown in figure 6.

in addéition to the exposure panels for outdoor weathering, §-
by 12-inch panels of each type of laminate were subjected to continuous
normal conditioning. These panels were stored in vertical racks at the
U. 5. Forest Products Laboratory in an atmosphere maintained at 73° F.
and at a relative humidity of 50 percent.

Ten different laminates were subjected to all of the axposure
conditions described. The eleventh laminate, made with Vibrin X-1047
resin by the Naugetuck Chemical Co., was subjected only to the exposure
conditions at Madison, Wis. Control tests were made of all leminates.

After outdoor exposure periods of 3 months and 12 months, the
ranels were removed from the exposure racks and returned to the Forest

Products Laboratory while s%ill mounted on the boards. The 12-month
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panels at Alaska were inadvertently exposed about 1% months. The ex-
posure panels were then removed from the mounting boards and conditioned
for at least 1 week at T3° F. and 50 percent relative humidity. Then
Barcol hardness resdings were made of both the exposed and sheltered
faces. The panels were then ready tc be cut into test specimens.
Exposure panels to be tested after 3 years outdoor weathering

or pnormal conditioning will be removed from the racks in August 1956.
III. METEODS OF TEST

Both the control panels and the exposure panels were cut into.
tension, compression, and flexural specimens as shown in figure 7. The
longer dimension of each specimen was parallel to the warp direction.
In all panels, the tensile specimens were cut from the end of the panel
opposite the panel number, so that it is possible to determine from ap-
proximately what area of the original lsminate each specimen was taken.

Frem each subpanel, 5 each of tension, compression, and flexural
specimens were tested after normal conditioning, and 5 flexural speci-
mens were tested after wet conditioning. Normal conditioning means
that specimens were conditioned for at least 2 weeks at T3° F. and 50
percent relative humidity before testing. Wet conditioning refers to
conditioning at 100° F. and near 100 percent relative humidity until
approximate weight equilibrium is reached., The wet specimens were

first normally conditioned for at least 2 weeks, measured and welighed,
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and wet conditioned for about 4 months longer. The specimens were
then remeasured, reweighed, and tested.

In addition to the normal and wet tests, 4 flexural tests were
made of each control and exposure panel from laminates made with a
high-temperature-resistant resin. These resins were PDL-7-669, Vibrin
X—loh?,,DC 2104 Silicone, and Bakelite BV 17085. The flexural speci-
mens were subjected to normal conditioning for at least 2 weeks and
tested at 500° F. after 1/2 hour at that temperature. The modulus of
rupture for each specimen was determined.

Tensile specimens were 5/& inch wide and 9 inches long, and
their configuration corresponded to the type 2 specimen described un-
der Method 101). of Federal Specification L-P-406b, "Plastics, Organic:
General Specifications, Test Methods, " dated September 27, 1951, The
specimeﬁs were tested using Templin tension grips at a testing
machine-head speed of 0.2 inch per minute. Maximum loagd only was
determined.

Compression specimens were 1/2 inch wide and 3-1/16 inches long
and were restrained from buckling by means of.a supporting jig similar
to that described in Method 1021.1 of Federal Specification L-P-406b,
dated September 25, 1952. The ends of the specimens were machined
parallel to each other and rerpendicular to the adjacept faces. Load
was applied at a testing machine-head speed of 0.05 inch per minute,

and the maximum load was determined. Since the compression specimens
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were cut from an area near the center of each subpanel, the specific
gravity of each specimen was determined from its linear measurements
and weight after normal conditioning. The average specific gravity
is thus representative of the specific gravity for the particular
subpanel.

Flexural specimens were 1/2 inch wide and 4 inches long and
wers tested flatwise by center loading over a span of 2 inches. The
numbered face of the specimen corresponding to the top of the origi-
nal laminate was faced upward during testing. Under these conditions,
the weathered or exposed faces of the penels that had been subjected
to weathering were on the bottom, and they were thus subjected to ten-
sile stresses during test. Load was applied at a testing machine-head
speed of 0.025 inch per minute. Losd-deflection data were obtained
for most of the specimens, but only the maximum load was determined

for the others.
IV. PRESENTATION OF DATA

Results of tests of control and exposure subpanels of the 11
different laminates are presented in tables 2 through 6. The headings
of all tables are the same except that results of flexural tests at
500° I, are given for laminates made with heat-resistant resins in
tebles 5 and 6.

Columns 1 and 2 indicate the exposure condition and the length

of exposure of each subpanel. The number of each 9- by 1l2-inch panel
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in column 3 makes possible the orientation of each subpanel with re-
spect to 1ts location in the original laminate (figs. 2 to 5). Barcol
hardness readings of the exposure banels both before and after 8Xpo-
sure are given in columns 4% through 7.

The average tensile strength of each panel after normal condi-
tioning of the specimens is given in column 8. Data obtained from
compression specimens include average thickness, specific gravity, and
compressive strength after.normal conditioning, which are listed in
columns 9, 10, and 11. Since compression specimens were cut from near
the center of each 9- by 12-inch panel, the thickness and specific
gravity are reasonably representative of that rarticular panel. This
is of interest in analyzing specific test data, since there may be a
difference in mechanical properties throughout the original laminate
simply because the thickness and subsequent resin content and specific
g;avity may vary appreciably. Date obtained from tests of flexural
specimens are given in columns 12 through 16. Column 17 contains ad-
ditional data for the laminates made with the heat-resistant resins.
Average values of proportional limit stress, modulus of rupture, and
modulus of elasticity after normal conditioning are given in columms
12, 13, and 1%, The modulus of rupture values after wet conditioning
the specimens for about & months at 100° F. and a relastive humidity of
about 100 percent are given in columm 15. Each wet flexural specimen
was first weighed after a period of normal conditioning and again after

wet conditioning. The average weight increase in percent of the dry
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weight is shown in colum 16. For the heat-resistant laminates, the
modulus of rupture et 500° F. after 1/2—hour exposure to that tempera-

ture is given in column 17.
V. DISCUSSION OF RESULTS

General

Because of the nature of the weathering study and the amount of
material involved, it was impracticable to match materials to the ex-
tent desired. A practicable procedure was followed. The subpanels of
each type of lesminate were cut as far as possible from two 36- by 36-
inch laminetes which were fabricated from the same roll of fabric, the
same batch of resin, and under the same fabrication conditions. In
general, the laminates of each type were closely matched with respect
to average thickness; specific gravity, resin content, and Barcol hard-
ness. However, the first fhree-properties may have varied considerably
in different parts of the laminate, and the properties of subpanels
from different locations must be expected to vary somewhat in mechani-
cal properties. In reviewing the test data, these factors should Ee
considered, and the thickness and specific gravity values given in
tables 2 through 6 mey be helpful in analyzing the test results.

The panels that are undergoing exposure for a %-year period will
not be removed from the exposure racks until August 1956. Several ad-
ditional months will then be needed to return the panels to the

Laboratory, prepare, condition, and test specimens, and then analyze
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data and prepare a final report on this study. This interim report on
the results of tests after exposure periods of 3 months and 12 months
will serve as a basis to indicate expected resistance of several types
of laminates to various exposure conditions.

In the following discussion, the appearance of the exposure
ranels af'ter weathering 1 year is briefly described. There was no
concrete way of comparing the appearance of the gxposure ranels after
normal conditioning to their appearance bsfore conditioning, but they
seemed to be practically unchanged on the basis of a few available
notes and a general recollection of their appearance. The effect of
eXposure on the physical and mechanical properties is also discussed:
later in & general way. Detailed comparisons between different prop-
erties under different exposure conditions may be made by the reader
by referring to tables 2 through 6. Since this is an interim report,

no conclusions are given at this time.

Appearance of 1-Year Ixposure Panels

There was considerable variation in the appearance of the ex-
posure panels after weathering at the different sites. The exposed
faces generally showed some wearing away of the surface resin which
resulted in exposure of the glass fibers on the fece of the laminate.
Many of the penels exposed at Paname showed & marked discoloration of
the éxposed face, which was probkably due to the action of fungi., This

discoloration was most evident on the lighter colored panels, but it
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also occurred on the darker colored laminates. The discoloration oc-
curred only on the exposed face and was simply a surface condition
which probably had no effect on the mechanical properties of the
laminate.

Many of the laminates changed in color, and usually the darker
panels turned somewhat lighter. The amount of color change varied
with the exposure site.

Viewing the exposed laminates with a 10-power hand lens showed
that the resin of some laminates was cracked throughout the laminate.
Since these cracks were also evident in material which had been stored
in a normal atmosphere, the cracking of the resin could not be attri-
buted entirely to outdoor weathering. Fossibly these cracks were
formed during the cooling of the laminate affer fabrication, but the
panels were not inspected for cracks at that time. The presence of
cracks in the resin, however, seemed to result in poorer weathering
resistance. In one case, the presence of cracks was observed only on
the exposed face of the panel weathered at Florida, while no cracks
were evident on the other panels of the same type of material.

The amount of wearing away, or erosion, of the surface resin
after 1 year's exposure was estimated for each laminate, based on the
percentage of fibers exposed. For example, if the exposed surface ap-
peared to be about 25 percent fibers and 75 percent resin when viewed
with a 1l0-power hand lens, the erosion was arbitrarily called minor

erosion. However, the face of one panel was eroded until practically
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all traces of resin had disappeared from the gurface, and this situa-
tion was celled much erosion, The terminology used to describe the

degree of erosion in terms of the Ppercentages of exposed fibers was:

Much -- Over 80 percent

Considerable ~- 60 to 80 percent
Moderate -- 40 to 60 percent
Minor -- 20 to 40 percent
Slight -- Under 2C percent

A brief description of the changes in appearance of the expo~
sure panels weathered for 1 year follows:

(1) 181 Garan fabric and Selectron 5003 .--Exposed faces of

panels weathered in Alaska, New Mexico, Florida, and Wisconsin showed
moderate ercsion. The Florida panel showed the greatest erosion.
Slight yellowing appeared on all pansls except that from Panama.

(2) 181 Garen fabric and Selectron 5003 (room-temperature

setting).——Exposed face of the Florida panel showed moderate erosion,
and the face of the New Mexico panel showed slight erosion. Negligible
erosion occurred on the other panels, although the exposed face of the
Panama panel was discolored.

(3) 181 Garan fabric and Plaskon 911-11.--Considerable erosion

occurred on the exposed face of the Florides panel. The exposed face
of the Panama panel showed loss of lustre.

(4) 181 Garan fabric and Dryply 81.--Moderate erosion occurred

on the exposed face of the Floride panel, and minor erosion occurred
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on the other panels except the Panama panel which showed mo noticeable
erosion. The exposed face of the Panama panel was discolored. Notice-
able cracks in resin were evident on the exposed face of the Florida
panel when viewed with a 10-power glass.

(5) 181 Volan A fabric and Epon 100l.--Considerable erosion

occurred on the exposed face of the Florida panel, and moderate erosion
on the panels from Pansma, New Mexico, and Wisconsin. There was no
noticeable erosion of the Alaska panel.

(6) 181 Volan A fabric and Epon 828.--Moderate erosion occurred

on the exposed face of the Florida panel, and some minor erosion on the
panels from Alaska, New Mexico, and Wisconsin. All panels except that
from Penama chsnged from a light olive color to a slightly darker hue.

(7) 181 Garan fabric and PDL-7-669.--All panels faded, but the

least fading occurred on the Panama panel. Much erosion occurred on

the exposed faces of the panels from Floride and Wisconsin. The Fiorida
panel, with practically ail resin eroded from lts surface, showed the
most severe erosion. The appéarance of the Florids panel was gray be-
cause of the exposed fabric. Moderate erosion occurred on the panels
from Alaska and New Mexico, and minor erosion on the Panama panel. All
panels, including that exposed normally, showed noticeable cracks in
resin when viewed with a 10-power glass.

(8) 181 Garen fabric and Vibrin X-1047.--All panels faded, but

the Panama panel faded the least. Much erosion occurred on the exposed

Pace of the Florida penel, and moderate erosion occurred on the other
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panels except the Panama penel which showed only minor erosion. The ap-
pearance was similar to the PDL-T7-669 except that erosion was not quite

85 severe. Noticeable cracks in resin of all ranels, including that ex-
posed normally, were evident when viewed with a 10-power glass.

(9) 181 0C-301 fabric and Vibrin X-1047,--Outdoor exposure was

made in Wiscongin only. Moderate erosion occurred on the exposed face.
The exposed face changed greatly in color from a light brown to a dull
gray. OSome fading appeared on the sheltered face. Noticeable crecks in
resin of panels, including the normally exposed ranel, were evident when
viewed with a 10-power glass.

(10) 181 heat cleaned fabric and DC 2104 ,--No noticeable erosion

appeared on the exposed faces. The exposed fece of the Panama ranel
had a discolored and mottled appearance, but this was only a surface
condition.

(11) 181 Volan A fabric and Bakelite BV 17085.--A11 panels were

warped and slightly faded. Minor erosion occurred on the exposed face
of the Florida panel, slight erosion on the panels from Alaska and New
Mexico, and only a perceptible erosion on the Wisconsin panel,

Florida with salt air exposure was consistently the most severe
outdoor exposure condition with respect to erosion of resin and change
in color of the laminate. The jungle exposure at Pamama showed the
smallest effect on erosion and change of color of all the panels except
the Epon 1001 laminate for which the Alaska exposure was leest severe.
The exposed surfaces of the panels from Panams were generally discolored
by what appeared to be mold.
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Photographs of extrg compression specimens cut from near the
center of each subpanel (specimen No. 6 of figure 7) are shown in fig-
ures 8 through 12. The specimens at the left of each of the two expo-
sure groups were cut from the original control panel,'and the view 1is
from the top surface as laminated. The specimens at the center.and
right were cut from a panel after exposure periods of -3 months or 12
months, and the view is from the hottom surface as laminated or from
the exposed face for those panels subjected to outdoor weathering.
Since the specimens from the control panel and from the normally con-
ditioned panel were continuously kept in a normasl atmosphere, these
specimens serve as a basis of comparison between weathered and non-

weathered material.

Barcol Hardness

Ten Barcol herdness readings were mede on ths féces of the ex-
posure panels both before exposure and after exposure. In general,
the hardness readings were about the same or increased slightly with
exposure. However, the hardness of both faces of the DC 2104 laminate
and of the exposed (bottom) faces of the PDL-7-669 and Vibrin X-1047
laminates generally decreased after outdoor exposure. After substan-
tial erosion of the resin on the exposed faces and the exposure of the

bare fabric, changes in hardness readings are to be expected.
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Strength of Panels after Normal Exposure

The tensile strength of panels exposed under normal conditions
for 3 months was about the same or slightly higher than the tensile
strength of the control panels. The strength values of panels exposed
for 12 months were slightly lower than those of pansls sxposed for 3
months.

All of the panels that were exposed to normal conditions for 3
months had higher compressive strength than the control panels. After
12 months of exposure, the strength values veried somewhat and were
higher for some laminates and lower for others than the 3-month test
values.

The normal, wet, and high temperature flexural strengths of ex-
posed panels were generally sbout the seme as those of the control
penels, but the normal and wet flexural strengths of the Dryply panels

were somewhat higher.

Strength of Panels after Outdoor Exposure

Tensile strength values after 3 months of weathering were gener-
ally about the same or slightly higher than the control values with the
largest increase in the Dryvly laminates. Tensile strength values after
12 months of exposure were generally somewhat lower than the 3-month
values. As might be expected, the most severe reductions appeared to
be associated with panels having the greatest amount of resin erosion

of the exposad faces.
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Thers was sometimes considerable variation in the compressive
strength values obtained from the 5 specimens of each subpanel. Al-
though each specimen was carefully set up prior to lbading, there was
no way of knowing whether or not the compressive stress distribution
was uniform during testing. Therefore the average compressive strength
values given in the tables are not considered to he as réliable as the
tensile snd flexural test values. In general, compressive strength ap-
peared to increase after weathering. In the 2 Selectron 5003 laminates,
compressive strength increased with longer outdoor exposure. In some
laminates, the compressive strength after exposure periods of 3 months
and 12 months was about the same, &nd in other laminates, increased
exposure time resulted in lower compressive strength probably because
of resin erosion of the exposed faces.

There was a great deal of difference in the results of the flex-
ural tests due to the different types of laminate and conditions of ex-
posure. The Dryply panels became stronger at all exposure sites with
longer periods of outdoor exposure. The greatest increased occurred
at the Alaska, New Mexico, Florida, and Wisconsin sites. On the other
hand, the PDL-7-669 laminates decreased in normal and wet flexural
strengths with increased periods of weathering. For this laminate, the
avalilable data indicate that the jungle exposure at Panama was the
least detrimental weathering site. On thé other hand, the Panema site

was the least favorable for the Dryply laminate, The normal and wet
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flexural strengths of the DC 210k leminate did not aprear to be appre-
clably affected by the exposure site. All values of this laminste were
about the same as the original control strength values.
Considering the tension, compression, and flexural strengths of
all laminates as & group, the most detrimentsl weathering effects oc-
curred at the Florida site and the least detrimental effects at the

Penama site.

Increase in Weight

Values of weight increase of wet flexural specimens given in
column 16 of tables 2 through 6 indicate rercentage increase in weight
due to conditioning at 10C° F. and about 100 percent relative humidity
for about 4 months. In general, the increase in weight was greater
for specimens thet had been exposed for 12 months than for those that

had been exposed only 3 months.
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Table 1.--General information on parallel-laminated panels of

181 glass fabric used in outdoor weathering study

Materials and fabrication . Values from cured panel
Fabric Resin : Fabrication ;Panel: Thickness :1Specific: Resin : Barcol
finish e PP t No, f--mmmmmme e e 1 gravity:content:hardness
: : Impregna-:Lay-up and:Number: sMinimum; Meximum: Average: : :
ttion by --:cure at --:xof plies: H : :
: : . : : : Inch Inch Inch .:Percen‘t;
Garan RS-4g iSelectron ;FPL ;FPL ; 12 ; 301 0,110 : 0.127 : 0.122 ; 1.8 35.8 ¢ 67
T 5003 : : H s 302 0 L1100 : 128 : 12k 1.81 @ 36.5 : 64
Garan RS-hG :Plaskon FPL ;FPL 12 303 : 111 : 1352 .125 ; 1.8 : 38,7 : is]
T 911-11 : : : 30k : L11k ;o L1kl L2135 1.8 - k1s: 76
Garan BS-49 ;PDL-T-669 FPL FPL ; 12 309 ; 112 125 el ; 1.88 37.4 T4
: : : : : %10 : L1k : 127 ¢ 122 : 1,88 : 37.8: 73
Garan R5-4g ;Vibrin X—thT;FPL L FPL 13 : 313 .109 .125 .118 1,93 31.9 : 6
: : : : : 31 ¢ 107 ;120 L1LW o Lk o 303 : 0
Yolan A ;Epon 1001 'Shell Dev.:Shell Dev.: 12 + 319 S0l : 128 : 122 : 1.0 : 35.2 © 60
: : Co. : Co. : +320 : .12 : 128 : L1222 : 1.8 : 35.3: 62
Garan RS-49 ;Dryply 81 tFlexifiym :FEL :o11 s 321 : 110 : .129 : J122 : 1.7% ho,1 ;6L
t : Prod. 1 : : 322 L,113: L129: 123 : 1.79 : hok : 63
Volan A :Epon 828  :Shell Dev.:Shell Dev.: 12 : 326 : .11l : .138 : .127 : 1.T7 : 36.6 : 59
1 + Co. s Co. H 327+ L1100 130 ;0 2l s 1.8 & 35.2 : 62
Heat cleaned;DC 2104 ;Polymeric S FFL 12 :' 331 126 133 L1%0 : 1.73 : 36.4 42
gilicone : Co. : : 3% 0 124 1 135 : 130 1.TH @ 36.9: 39
Garan ES-ho :Selectron  :FEL \FPL D12 1 3% : 1237 J137 + .13l 107 : 38.3 ¢ 51
t 5003 (room-: : : + 3FT ;0 126 @ J13T ¢ W132 @ 1.76 38,6 ¢ 50
temperature: H : : 338 r L127 ¢ WMl ¢ L133 ¢ L.76 39,0+ 55
setting) H H : : 339 : 117 @ LJA%2 ¢ 126 1 1,80 1 36.6 : 56
: t : + 340 ;L1218 132 : V127 @ 1,78 @ 3.8 5%
: : £ 341 : .12k 139 : 131 : 1.76 : 38.1: 58
0C-301 ;Vibrin X-th?;Naugatuck ;Naugatuck 14 3o 124 152 136 1.87 3k k 71
: Chem,.Co,: Chem.Co.: + 343 ; L12% : ,151 : .13 : 1.89 : 35.2: T4
Volan A :Bekelite  :Bekelite :Dakelite : 13 : 346 : .130 : .46 : .137 : 179 : 37.0 :+ 69
BV 17085 : Co, : Co. : s 37 e 124 s k2 : 133 ¢ 1,80 : 35,5 : 68
: 3 : : 1348 ,119 ¢ 135 ;1 127 ¢ 1.% t 33,9: 69
H H 1.

: 349 L11B: L135 @ L,126 : : 34,1 65

M 10T 374
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*ROOM TEMR

DC 2/0%

SELECTRON 5003

r

SELECTRON 5003 ‘ VIERIN X-1047

PLASKON S11-1 VIBRIN X-1047

PON 828 | PDL-7-669

EPON 1001

BaAKELITE BV I7085

DRYPLY 81

M 9kk1g F

Figure l--Translucency of specimens from different laminates with
transmitted light, One specimen was taken from each
9- by 12- inch control panel,
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Alaska Panama New Mexico Flerida
3 months 3 months 3 months 3 months
301-A 301-B 301-C 301-D
Wisconsin Control Extra Wisconsin
1 year 3 months
301-E A01-F 201 -G 301-H
Florida Hew Mexico Fanama Alsska
1 year 1 vear 1l year 1l year
301-1 ZUL-J A01l-X 301-L
Tenel Wo. 301
- Warv Direction 5,
Alasia Sanama Iiew Mexico Florida
3 years 3 years 5 years 5 vears
3C2-M A02-N 3020 302-P
Normal Control Extra Wisconsin
% months 3 vears
302-0 02-R 302-8 302=T
Normal Normal Extra Extra
1 year 3 years
302-U 302~V 302-W A02-X
Panel No. 302
M 106 733

Figure 2--Method of sectioning each pair of 36~ by 36~ ineh leminates into
subpaneis for exposure,
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Zhis-E 345-D ZLE-C ZL7-R ALT-T ZLT-J
Wisconsin Florida New Mexico Wisconsin Florida nHew Mexico
% months % months 2 months 1 vear 1 _vear L_year
Extra Extra
Alaska Control Fanama Alaska Control Faname
4 months % months 1 year 1 year
ShE-A BUG-F Z46-3 547 -L B47-F ZH7-K

vanel Ho, 346 Panel Xo. 347
Werp Direction
o
3L 2.7 3LEaT 3h3-5 3GV
Extra mxtra
Wisconsin F_orida New lexico Tiormal
A years % years 2 years 5 years
axtra Extra
Alaska Control rFenama Normal Control Normal
3 years 2 ysars 5 months 1l year
2L 3.y 3L3-F 3LE-N 3YG- ZHG-F 2Lguy
iz T Zh A = H 3G
Panel No., 342 Panel lo. 34C

M 106 T36

Pigure 3~-Method of sectjoning 28~ by 35- inch Bakelite BV 17085 laminates
into subpanels for exposure,
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Ceontrol Alaska
4 montns
336-F 336-4
Llasks Aleska
3 years 1 year
226-M 336-L
Panel No, 336
FPanama Panama
3 months 1 vear
327-B Z3T7-K
Hormal Panama
% months % years
337-9 337-N

Penel No. 337

Control New Mexico
3 months
%38-F 338-C
New Mexico | New Mexiceo
3 years 1 year
338-0 33%38-J
Fanel No, 338
M 106 TES

florida Ficorida Fiorida
% months 1l vear 2 years
335-D 3355-1 5359-P
ranel No., 339
Lormal Normal Control
1l year 3 years
3LG-U 2U0-V AO-F

Panel No. 340

Wisconsin Wisconsin Wisconsin
3 months 1 year 3 years
341 .5 341-E 3L1.T
Fanel No. 341

Wary Direction .

Figure jj--Method of sectioning of room~temperature-setting Selectron 5003
l=minates into subpanels for exposure,
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Normal Wornmal
% years 3 months
Ah2-y 32y
Control Normal

1 year
shp-F 30~

Warp Jirection

s o

YWizoonsin Wisconsin
3 years 3 months
3L AT 34 %-H
Control Wigconsin

1 year
343-F 34%-E

Penel No. 343
M 106 T34
Figure 5e-ethod of sectioning 2 small Vibrin X-1047 leaminates, reinforced
with O0C=301 finished glass fabrie, intc subpanels for exposure,
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Figure 6--Method of mounting subpanels on boards and exposure racks, Photo-
graph shown is of the salt air exposure site in Florida.
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Figure 7 -= Diagram for cutting each 9- by 12- inch subpanel to
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obtain tension ccmpression, and flexural specimeas,

Flexural specimens 11 through 1l are for highetemp~
erature-resistant laminates only,

-4l



®8UOT] FPUCO
eamsodxe® SNOJIBA J93J8B §O3BUTWBT £00§ UOIFOETSg WOIJ suewgoeodg--g oanIyy

WADC TR 55-319

ase

c

Rele

Approved for Public



SNOoTJeA J03J8 Se3BUTWET 18

*guoT3Tpuco eamsodxe
A1dAxg pue TT-1T6 uOiEETg WOIJ suewpoedg=-=6 SINTLg

-46-

=319

WAIC TR 55

ase

c

Approved for Public Rele



*SUO T3 TPUOd aansodxad
SNOTJBA J03J8 S93BUTWS] ggg Uody pue TOQT uody woxy sueutoedg=--07 oanIty

s

828 NOJ3 ANV I188VH ¥ NVTOA 181

TWEHON

WADC TR 55-319



*SUOT3 TPUOD eInsodxe SNOTJIBA
Je3je sejsufwel JHOT-X UTIQTA PUB 699=L-1qd WOl susmpdodg--TT SINFLg

8=

-4

=319

WADC TR 55

Approved for Public R



°SUOT3TPUOS sansodxe sNOT.IeA
I93J8 so3BUTWBT GQOLT Ad ©3FTedBg pue hoTZ oq woxy suswyoedg--z1 aandyrg

mwwEoN
NISNOOSIM
val&so74

02IXIW MIN

YWYNYS

UHST IV

WADC TR 55-319



