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'IECHNICAL NOTE NO . 1240 

EFFECT OF SIMULP.TED SERVICE CO}IDITIONS ON PLASTICS 

By W. A. Crouse, D. C. Caudill, and F. W. Re inllart 

SUMNIARY 

The effects of simulated servlce conditions, which involved exposure 
to various combinations of mois ture, heat, and ultraviolet light, on the 
weight, dimensional s t abil i ty, and flexural properties of reinforced plas­
tics were inves tigat ed. Wi th all f lwtors considered the asbestos-fabric 
phenolic lamina te and the glas s--fab:r-ic unsaturated--polyester laminate 
were found to be the most resis t ant materials of those tested . None of 
the labor atory ag ing t e s t s corr ela ted wi th outdoor weathering with respect 
to all properti es and_ al l materials. Sel ection of a sui table accelerated 
test must take into consideration the material to be tested, the property 
to be investigated, and the service conditions which are to be simulated. 

I NTBODUCTION 

Information regarding the effects of weathering and various tempera­
ture and humidity conditions on the properties of laminated plastics is 
ne~ded to evaluate these materials- for use - on aircraft and to prepare ,_ 
spec ifica tions for the materials -tha t are found sui tabJ.e for this purpose. 

This r eport :;::>resents the results of tests made to determine the ef­
fects of outd.oor weathering , accelerated weathering] and accelerated 
service conditions on the w-e ight, dimensions, and flexural properties of 
nine representative laminated plastics and a macerated-fabric-filled 
phenolic plastic. The accelerated weatheri ng te s t involved exposure to 
cycles of ultra viol e t light and fog; the accelera ted. service tests -in~ 
volved -exposure t o cycles of various temperatures and relative humidities. 

This investigation, conducted at the National Bureau of Standards, 
was sponsored by and conducted with the financial assistal1ce of the 
National Advisory Committee for Aeronautics . 
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Mll.'l:ERIALS 

The materials used in this ilv;eatigation '·rere commercial products , 
selected to include repre sentative phenolic and unsaturated-polyester 
plastics Hhich are the types commonly employed in aircraft st:i.~uctures 

and accessories . The reinforcillg fillers in the group of selected plas­
tics included macerated cotton fabriC, asbestos, cotton and glass fabrics, 
and. paper . A lignin-paper laminate we.s also t ested as a control on the 
severity of the tests , because of t he known dimensional instability of 
this type of plastic. 

The materials are described in detail tn table I. They were obtained 
in the form of sheets apyroximately one-eighth inch thick. Since there 
are appreciable dif ferences in the properties of i ndividual sheets taken 
from the same batch, in different batches macle by the same manufac turer 
from time to time , and in s imilar laminates made by different manufacturers, 
the data reported herein can~ot be applied exactly t o all samples of the 
types tested but can be considered only a s representative of these types . . 

TEST SPECIMENS AND PRCCEDURES 

Specimens 

The specimens subjected t o the various exposure conditions were 1 
inch by 3 inches by the thickness of the shee t. The length and width 
were machined to wi t hin ± 0 . 005 inch. One surface of eac'h sheet was 
arbitrarily designat ed as the reference surface. The specimens of the 
cloth laminates were cut 80 that the direction with the greater number 
of threads per inch in the refer ence surface wa.s lengthwise. The 
weight of the spec imens varied from approximately 8 to 11 grams. 

The specimens "ere conditioned to approximate "reight equilibri um at 
770 F and 50-percent relative humidity 'Prj.or to starting the t ests . The 
periods of t ime required for the test specimens of the various' materials 
to reach weight equilibrium after the machining operations are given in 
table II. 

~"e ight and Dimensions 

The weight was measured to the neares t milligram, the length to the 
nearest 0 . 001 inch, and the width and thickness to the nearest 0 . 0001 
inch. The length was measu:red at t'.vo places and the ,.ridth and thickness 
at three places . The changes in weight and dimensions were determined 
with three specimens of each material . 

~ _ _____ ~~~ _ ___ ~J 
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Flexural Pro~erties 

The flexural tests were made in accordanco vII th Method No . 1031 of 
Federal Spepificat·:i.oi1 L-P--406a (r0fe-rence 1), ueing the 246o-pound range 
of a 60,00o-pound-capaclty hydra.ulic t es ting machine sho,,'11. in figure 1. 
The. flexu::.~al apparatus, sho"m in f:l.gnres 2 and 3, has been described i .n 
refer.~nce · . 2. IJoad-·-d.eflecticn gr aphs "Jere cbta:1.n ed_ i n each test cn a 
South1vark':""Tem.pli!l autoGraphic recorder whic!1 was operated by a Southwark­
Peters plastics extensolleter . The 1- by 3··-inch specimens exposed to . the 
vari ous test c onditions vTere out into h.,o 1- by 1. 5-inch s.pecimens for 
the f lexura;l tests . Beca.use of the limited size of the specimens the 
span-depth ratio. was 8 :1 · instead. of 16 : l a.s prescribed in r eference 1. 
rrhe r eference surface of the s})elJimen "ia~ Ol~ the tension Side ' durine the 
te·st·. The radius of the pUPIort a r.d pre 8S'..1l'8 pieces was 1/32 inch. The 
rate of head separat:icn 1.,ras 0.01 :l.nch per minute . 

The flexural strength and the fle:h.'"ural mod.1l1.us of elasticity were 
calculated In ac ccrdance ",it h -che equations given in Methad No. 1031 af 
referl3nce 1. The m.a.ximum ieflectian far a l-·1nch span was caJ.culated 
by dividing , th~ act,ua .. l clefl<:?ct:1.cn of each specjme.n by the actual span. 
The flexural strength values reparted aru c onSidered to. be accurate to. 1 
percent, t~e flexural madulus af elas ticity value s to. 3 percent, and. the 
maximum defl~ctian yaJ.ue s to. 5 percent . All the reparted. va.lues far flex':"" 
ural praper ties · at'e the averages obtained with six specimens. 

The initi al values fo r the flexur8~ properties "lere d~termined an 
specim~ns which were heated in a qirculating-air aven a~ 1220 F for 48 . 
haurs and thencandit~aned f ar 48 h01rrs at 770. F and 50-percent relat ive 
humid.i ty priar to test . The cha.nges in the flexural strength, flexural 
madulus af elasticity) and. max.lm'.IDl. d.eflection in bending a s a result af 
exposure to. ths autdoar i-Teathering) accelerated weathering, and acceler­
ated service canditions 1'18re calculated from these initial ar base values. 

Outdaa1' Weathering 

Three se ts af three 1·- by 3·-inch spec imens were e).'"Posed wi th the 
reference surface taward the light an December 7, 1943, on t he r aof of 
the Industrial BuEding, National Bureau af Standards, an racks at an 
angle of 450. facing south. 'Ihe specimens "Tere r emoved from the roof 
after exposure far 1 ye8J.' . One Bet \'Tas used. far determining flexural 
propel"ties . Measurements cf we ight and diluensj.ans were made an anather 
set which "TaS returned to the roof toge ther with the third set for fur­
ther exposure. 



4 NACA TN No. 1240 

Accele:('atec~ Weathering 

The accelerated weathering test was made in accordance vTi th Method 
No. 6021 of refel'ence l , and involved e:>.."})osure to cycles of ul trav:Lole t 
light and a misty atmosphere . The specimens were turned end for end 
every 24 hours to obta in more uniform exposure t o t he ultraviolet l i ght 
over the entire length . 1~~e bol ts and nuts use~ f or Gupport above the 
disk were arranged so as to be sUite"ble for holding the 1- by 3- ineh 
spec m ens . 

One set of specimens was used to n:.easure weight and dimensiona' and 
another set to determine flexural properties after exposure to acceler­
ated weathering conditjons for 120, 240, 36o, &~d 480 hours , r espeetivel y . 
All specimens were reconditioned for ' 1+8 hOUJ:'E: at 770 F and 50-percent 
rela ti ve hl'unid, i ty after each te s t !ler i od pr:!.or to making the measu' ements . 

Acceler ated Service Tests 

The accelera ted service te s t 's 1V'ere made in accordance with the pr oce­
dures descriued in refer ence 1 . The testing conditions i ncluded in t hese 
methods represent a start toward eetablishinga gr oup of test pr ocedures 
f or determining t he effects of changes of atmospheric temperature and , 
humidity upon plastic products . The signif i cance of t hese procedures , ,-­
insofar as correlation vTi th actual, service performance i s concer ned, has 
not yet been established; however , they are being used by the plastics 
industry and government agencies in the evaluation and procurement of 
materials. 
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The conditions used in the tests -were as f ollows: 

-
Period of condi-o . 
tloning at 770 F 
and 50-percent 

, Temper-" -Relative relati~e humidi4Y 

Test Title Period ature humidity between cycles 
(hr) (~) (percent) (hr) 

-
I Moderate-iemperature 24 140 85 to 90 

test (wet and dry) 2)+ I 140 10 1+8 

II Madera teo-tempera tUre 72 140 10 96 I test (dl'y only) 
-I 

III Severe-temperutQ~e 24 I 160 70 to 75 
test 24 160 7 48 

TV I High-- tempera ture I 2)t 175 95 to 100 
test I 24 1.75 5 48 

V High-~ow temperature 24 - 175 70 to 75 
test 24 -40 95 to 100 

I 
24 175 '5 

I 24 -40 I 95 to 100 72 ~" _ _ ___ 0 _ 

It is generally as sumed that the order of increasing severity of these 
tests is as follows: II, I, III, IV, and V. 

The specimens were suspended individually over water or saturated 
aqueous salt solutions in 8--ounce bottles to obtain exposure to the various 
high relative humidities at elevated temperatures. The relative--humidity 
values over saturated aqueous salt solutions referred to in this report 
were taken from reference 3. L~ each of the five types of tests descrioed 
in the preceding table, the weight and dimensions of one set of specimens 
were measured within 10 minutes after the conclusion of each cycle for 
10 cycle s . Other se ts 'vere removed at the end of 5 and 10 cycle s, re­
spectively, again conditioned at 770 F and 50-percent relative humidity 
for 48 hours, and tested for flexur81 properties . 

Moisture Content 

The equilibrium moisture content of the Grade C phenolic laminate 
was determined at -several temperatures and relative humidities. The 
specimens, three "for each temper~ture and relatlve humidity, were 
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condit,ioned to approximate weIght equilibrium at 770 F and . 50-percent re­
lative humidity before the tests were begun. The specimens were suspended 
in 8-ounce bottles over phosphorus pentoxide, saturated aqueous salt s~ 
lutions, and water, respectively, depending upon the humidity condition 
desired. 

The equilibrium moisture content 1-TaS calculated as follows: 

(
We - Wd \ 

Moisture content, percent = -- Wd ) 100 

where We is the equilibrium weight at the indicated temperature and re-
o lative humidity and Wd is the equilibritun weight at 77 F and o-percent 

relati ve htunidi ty. Since the weights of the specimens used to obtain Wd 
were not the same as those used to obtain the equilibrium weight at the 
higher humidities, Wd for a specific specimen was calculated as follows: 

where Wi is the equilj.brium weight at 77° ·F and 50-percent relative 

( Wd) humidity of the specimen used for a higher humidity test and 
Wi 0 

is the ratio of othe equilibrium ·weights at 77
0 

F and O--percent relative 
humidity and 77 F and 50-percent relative humidity, respectively, of 
the specimen dried over phosphorus pe~toxide. 

RESULTS AND DISCUSSION 

Weight and Dimensional Changes 

The changes in weight, length and width, and thickness of the mate­
rials upon exposure to the outdoor weathering,- accelerated weathering, 
and accelerated service tests are presented in table III . Seme of the 
resul ts are shown graphically in figures ~- to 6. · In most of the tests 
these changes were negative. Most of the positiye changes were in thick­
ness. Considering the magnitude of the chfu~ges regardless of sjgn, accel­
erated service test IV is the most severe of the test procedures used, 
accelerated service test II is the next in severity, and outdoor weather­
ing follows as third in severity. Accelerated service test I 1s the least 

J 
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severe. The paper-base phenolic laminates changed several times more in 
weight and thickness than the other materials in the outdoor weathertng 
tests. 

The relative weight and dimensional stability of the various mate­
rials are shown in table V. In this table, the materials Are rated 
according to degree of change, the least change being denoted by a rat-
ing of 1. With respect to weight changes, the glass-fabric unsaturated­
polyester laminate, El, was found to be the most stable; follovTed by the 
parallel-ply--paper phenolic 18!l1inate, Bl; the a.sbestos-fabric phenolic 
laminate, Kl.; and the cross-ply-paper phenolic laminate J C1. The most 
stable material in the length and .ridth 1f8.S the glass-·fabr.ic unsaturated­
polyester laminate, El, followed by the cross-ply- paper phenolic lami­
nate, C1. With respect to thich.lless changes, the cotton--fabric phenolic 
lamina.te, Jl, m~,s the most stable, followed by the glass-fabric unsaturated 
polyester laminate, El, and the cotton-fabric phenolic laminate , 11. 

The laminates tested may be rated from the best to the poorest on 
the basis of vTeight au-d dimensional Atabili ty as follows: 

Order of qu~ity 
based on weight 
and dimens ional 

stability 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

-. 

~---

Material 

I 
desig-
nation 

El 

I Kl. 
Bl 

! Jl 
! ("I, 

v_ 

I Fl 
11 

I 
ill I Dl 

I Al L ___ 

Type of laminate 
----~. ------------1 

Glass-fabric unsa.turated-polyester 
Asbestos-fabric phenolic 
Parallel-ply-paper phenolic 
Cotton-fabric phenOlic 
Crossei-ply·-paper phenolic 
Cotton'-fabric unsaturated-polyester 
Cotton--fabric phenOlic 
Cotton-fabric unsaturated-polyester 
Ligniri paper 
Macerated cotton-fabric phenolic 

moldinG 

Changes in Flexural Properties 

The changes in flexural strength, flexural modulus of elasticity, 
and maximum deflection in flexure of the materials upon exposure to the 
accelerated weathering and accelerated service tests are presented in 
table IV. The results are shown graphically in figures 7 to 9. The 
paFer and glass- f abric laminates had the highest initial flexural 
strengths and moduli of elastiCity . 
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The results of the tests showed that there ",ere several cases in 
which increases in flexural strength resw.ted from the accelerated weath­
ering and service conditions. , These increases in strength were attributed 
to further cure of the resins. In this connection it is of interest to 
note that, although further cure of thermosetting resins beyond the amount 
normally employed usually causes an increase in modulus of elasticity and 
a decrease in maximum deflection in bending, no such agreement was ob­
served in all cases in the present investigation. Experience shows that 
after full cure has been reached, further aging results in deterioration 
of the resin. 

Accelerated service test IV is the most severe of the aging proce- . 
dures with respect to cbanges in flexural strength. The outdoor weather­
ing and accelerated service test I are about equal and next to text IV 
in severity . The accelerated weathering test and accelerated service 
test II are about equal and the least severe of the procedures used . 

The relative retention of strength by the various materials is shown 
in table V. In this table the flexural strength and the flexural modulus 
of elasticity are rated according to retention of strength, the material 
with the greatest increase being rated I and that with the greatest de­
crease being rated 11. For maximum deflection in flexure, the material ' 
with the greatest negative change israte1 as 1 and that with the greatest 
positive change as 11. The aebe'stos--fabric phenolic laminate, Kl, was 
the most resistant with regard to retention of flexural strength but it 
was also the weakest initially; the strength increased_ on exposure to all 
the tests. The flexural strengths of all the other materials decreased 
in one or more of the aging tests. The cotton--fabric phenolic laminate, 
Jl, was second with regard to retention of flexural strength . Considerir.g 
the retention of flexural modulus of elasticity, the asbestos-fabric phe­
nolic laminate; Kl, was the most resistant, followed by the glass-fabric 
unsaturated-polyester laminate, El. Considering the effect on deflection 
in flextire, the cotton~fabric unsaturated-polyester laminate, Hl, had the 
best rating, followed by the cotton-fabric unsaturated-polyester laminate, 
Fl, and the cotton-fabric phenolic laminate, 11. 

The laminates tested may be rated from the best to the poorest on 
the basis of strength retention as follows: 
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• • • ;0. • • , • • • 

Order ' of ' q~ality I 
based on strength j 

1 
Material I 

desig-

I. 

retention I 
i 
I 

nation I Type of laminate -----------------1 
! , Asbesto3-fabric nhenolic 

. t . 

1 
2 
3 
4 

' 5 
6 
7 · 
8 
9 

10 

! 
! 
I 

IQ 
Fl 
El 
Cl 
Il. 
Jl 
Rl 
Dl 
Bl 
Al. 

I Cotton-fab~1c un;aturated--pol;)rester i 
i , Glass-fabric unsaturated- polyester I 
I Crossed-ply-paper phenolic 

Cotton--fabric 'phenolic I 
i Cotton-fabric phenolic ' . 

I Cotton-·fabric unsaturated-polyeeter 
I Lignin paper 
I Parallel-plY7pape~ phe~olic 

I Macerated cotton-£abric phenolic 
i molding ----L ________________________ __ 

General Resistance 

The over-all resistance ratings for the materials were determined 

by adding the 'ratings for each prorerty and assigning the mater;1.al with 

the lowest ' s'uriJ. the 'ove~all rating 1, the next lO"lest 2, and 'so forth. 

The lalninates tested may 'be rated fr'OID the best to the poorest on the 

basls . Qf~uch over-all resistance as follows: 

Order of quality 
based on over-all 

resistance 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

I ' I 

I 
Material 

desig-
L n;ltion I Type of laminate 

l-~---Kl-- t-"·.--.A ..... s-b-e .... s .... t-os-fabric Phenol-i-c------' 

El Glass'-fabric unse.tureted-polyester 

Fl Cotton--fabric unsaturated-polyester 

Cl Crossed.--ply-paper phenolic 
Jl Cotton-fabric phenolic 
11 Cotton-fabric phenolic 
Bl Parallel-ply-paper phenolic 
HJ. Cotton,:"fo.bric unf;laturated-polyester 

Dl Lignin paper 

'

I Al j Macerated cottOI!--fabricphen?llc 

I I , molding 
---------~--.f"-.....:...----

-....;...: ";"', ;;"'-, .-'. ·_f __ ~ .. ~._ . F , 
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Since the initial flexural properties of th~ glass-fabric unsiturated­
polyester laminate , El , were superior to those of the ~sbesto6-fabric 
phenolic laminate, .El, the El material was the best of tho~e te~ted when 
both s tab i,:P ty and tnaxinl.um s trength are considered. 

Qorrelation of Laboratory Aging Te~t8 

1·,i th Outdoor Weathering 

;NoDe of the laboratory test procedur.es can be used with all the 
materials to obtain changes in properties com~ar~ble with ch?~ges obtained 
in outdoor weathering tests. ·A S1llillnary of the results of a detailed com­
parati,ve tabulation is g:i.ven in table VI. The results also show that the 
laboratory evaluation procedure for a specific material or group . o~mate­
ri~s should be selected by taking into cons'iCleration the materials to be 
tested, the properties to be determined, and the con~itione which the 
materials will meet in service. 

Moi6t~e Content 

The results of the moisture equilibrium tests o'n the cotton-fabric 
phenolic laminate, Il, are reported in table VII and shown graphically 
in figure 10. These results lndicate that equilibrium is reached more 
rapidly as the temperature is increased. The moisture content decreases 
as .. the temperature is increased a..'"ld increase s a13 the rela ti ve humid.1 ty 
is · increased. 1~e maximum moisture content observed was 7.1 percent at 
770 F and 10o-percent relativehumiditYj 31 weeks were required to reach 
equilibrium in this case. . 

The follmving equation' has been found to fit the curves in figure 
10 to within 5 percent: 

where 

M moisture conten~,. percent 

R relative humidity, . percent 

and a and b have the following values: 

_J 
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I 

I ! 

I 
Temperature 

(~) a b 

'77 0.0550 0.00032 ., 100 . 0510 .00043 
I 140 .0505 . 00044 

I I 175 . 0425 . 00167. 
.. ' 

These constants indicate .that the effect of temperature on the e~utlib­
rium moisture content ",as not great betw~en 770 and 1750 F at low re-':" 
lative humidities and between 770 and 1400 F at high relative humidities. 
However, the effect of temperatvxe between 1400 and 1750 F at high hu­
midities was more pronotmced. 

The point at 1000 F and 10o-percent relative humidity does not agree 
with the general pattern indicated by the other points as shown in figure 
10. This point was redetermined with three additional specimens; the 
second determination agreed within 4· percent of the first determination. 
No reason for this apparent discrepancy ' is b10wn . 

CONCLUSIONS 

None of the laboratory. aging tests gave results with all the mate­
rials and for all the properties v1hich correIa ted "li th the results of 
outdoor weathering . . A l aboratory evalUation procedure for a ·material 
or group 'of materials ' should ' be "selected on .the 'bas is of the materials, 
the properti~s · to pe detel~ined~and t~e' cond~tions which the materials 
will meet in service . 

Accelerated service test IV, consisting in alternate exposure for 
24 hours at 1750 F and 95- to 10~'percent relative humidity followed by 
24 hours at 1750 F and a relative humidity less than 5 percent, vms the 
most severe of those used in this inves tigat10n . All the materials ex­
cept the a sbestos--fabric :phenolic laminate, Kl, increased in thiclmess 
in this test. This material was the only one which increa.sed in flexural 
strength and flexural modulus of elasticity on exposure to accelerated 
service test IV. 

The asbestos-fabric phenolic and glass--fabric unsaturated-polyester 
laminates were the most resistant of the materials tested. The paper­
base phenolic laminates were not so stable in weight and thickness after 
outdoor weathering as the other materials tested. These results indica.te 
that the most resistant lamina'tee are those made with materials which are 
least affected by water. 
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The equilibrium. moisture content for cotton-fabric phenolic laminate 
decreased with an increase in temperature and a decrease in relative hu­
midi ty. The time for attainment of equilibrium. decreased with an in­
crease in temperature. The temperature effect on the equilibrium mois­
ture content was not so pronounced between 770 and 1750 F at low relative 
humidities and between 770 and 1400 F at high relative humidities as it 
was between 1400 and 1750 F at high relative humidities. 

National Bureau of Standards, 
Washington, D. C., September 13, 1946. 
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Table I. - Desoription ot lIaterlall 

1188 Relln Reinforcement 

m~:~:;~on Thieme •• , b~ntll:~!bt r. Dun Arr':;~ent TTne ot LaalnateLA llanutaoturer Averaaf!l ' Denol tv Tvn. 'l'vne n 
(In. ) I \g{o .. ~) perolnt) 

.u Macera.t ed-Cotton-Fabric Bakel1 ttl Corp . 0.121 1·37 Bakel1te Maoerated Ootton Fabric - - ----
Phenoli0 Walding Compound BII-199 

Bl Hlgb Strength-Paper. Conlolidated Water 0.121 1.43 Paper - - Parallel 
Phenol io POll'er e.nd Paper Co. 

Cl Blgb-StrengtlP-Paper, Con801 1date4 'later 0 . 124 1.43 Peper - - Oro •• ed 
PbeDollo PO lter aDd Paper Co. 

Dl Lignin 1'ope. Fo.mloa In8ulatlon Co. 0 . l28 l·38 Llgnln Llgnln Poper - -
El Glue-Fa.bric. un8aturated Bwedlow }.eroplaatlo1 0.ll6 l·70 lIaroo Glae. J'abrl0. plain ..... 8 29 l7 Oroe •• 4 

PolyeBter Corp. 1IR-1.I. 100-ll-l63 
J'l Muslin-Cot ton-Fabric • 8"8d10" Aeroplaetlcl 0 . 13l 1.27 ll~roo Cotton ' .. brio 70 4e 

un.aWlS ed Polyester Corp. IIR-lA (lIuIl1n). twill .ea .. e 

Hl EO&lllelecl-Ouck COt t on- Pi tUburgh Plate 01&88 Co ., 0.145 1.37 Allymer 6~65 Cotton 'abr10 36 32 Orolled 
Fabric, Un8aturated Columbi& Chemic al Oi1'1810n OR39 (Enameled Duok). 
Polye8ter plain "eaY. 

1.36 ~akel1 t~2 4e Ootton '~rio, P2a1n 40 11 Orode 0 Phanol1o Synthane Corp. 0 . 122 50 ero •• ed 
110. III weaTe, 10 oz/Jd 

J1 Grade L Phenolic Bynthan. Oorp. 0 . 125 1·31< Bak.Ute 
BV-lll2 

48-52 ~!!~~. yr.?l ~ ~/~~rn 80 80 Parallel 

Il Grade AA. Phenolic Synthane Oorp. 0.l1<9 1·50 B&1<o11 te 
110 . 242 

47 A;~:~O:e:::~l~A 01/yd2 
18 l6 Parallel 

- ----_. - ---- -- ---
LA Wa'te:rl&l.u .&.8 obtained in the form of aheet. prepared from a molding compound; all of the other materiall were laminated .beet produo' •• 

NATIONAl ADVISORY 
COMMIn[[ foo ~Al/TICS 

1I01din~ 
IBO. or In T eratur 
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6 1-5 158 239 
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19 1620 320 

5 1800 }40 
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In 
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158°)'· 
08)\1'1 at 
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TABLE 11. - CONDITIONING CF PLASTIC SPECINENS TO "!EIGHT EQUILIBRIUM 

AT 1'7° F AND 5(}-PERCENT RELATIVE Ht1MIDITY 

-r.------
Approximate I ~~prOXimate Approximate 

Material time to reach ! time to r e ach time to r each 
desig- 50 percent of I 75 percent of 90 percent of 

nation equilibrium I eqUilibri=-1_ equilibrium 

AI 16 days I 7 .. reeks 10 weeks 
~:81 8 weeks 16 \'Teeks 25 we eks 

:81 6 weeks 13 weeks ! 22 weeks 
C1 7 .. leeks ll~ "reeks 25 weeks 
Dl 12 days 31 days I 8 we eks 
El 2 days 5 days I 7 days 
Fl 6 days 13 days 40 days 
El 7 days 21 days 36 days 
11 12 days 27 days 56 dajrs 
Jl 12 days 7 ,·reeks 11 we eks 

I. Kl ---- ---

aSpec imens cut length .. Tise. 
bSpecimens cut c ross,vise . 
cNot at equilibrium after 1 year. 

r I 
I Approx ima te 

I 
time to reach 
equilibrium 

/ I Increase in 
j weigllt at 

'

I eCluilibrium 
(percent) ----n·-----1 ~ weeks 0.49 

52 weeks 1 .35 I 
32 weeks 1.10 
52 we eks 1.2j 
11 '\1eeks I . 59 

4 we eks I .0'7 
9 week s I .41 
9 ",re eks ' . !~5 

1 4 weeks .66 
16 w'eeks . . 76 

c52 weeks L c . 65 
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Katerial 
Deeig-
nation 

AI 
Bla 
BIb 
01 
D1 
El 
Fl 
HI 
Il 
Jl 
Kl 

Al 
B~ 
Bl 
01 
Dl 
El 
Fl 
HI 
Il 
Jl 
Kl 

Al 
Bla 
BIb 
01 
Dl 
El 
Fl 
HI 
Il 
J1 
Kl 

TABLE 111 . - CH~~GES IN WEIGHT AND DIMENSIONS OF PLAST I CS DURING OUTDOOR WEATHERING, 
ACCELERATED WEATHERING, AND AOOELERATED SERVI OE TESTS. 

Ohange During Out- Ohanges During Acoeler-
deor Weathering Test ated Weatherinll Test 

1 120 _~"O -~ Itlm 

1~) H(~ie H(r,8 H((fB H(~B 
I 

-0.85 - 2. 12 -2.~6 -2.38 -2·~7 
1.~9 -0 .7l -1.1~ -1·3~ -1.~2 

1.~ -0.8 -1.2 -1.~5 -1.57 
1. -0.85 -1.2~ -1. 3 -1.~4 

-0.11 -1. 73 -2.19 -2·35 -2. 5 
-O.~ -0.15 -0.17 -0.18 -0.20 
-0. -1.09 -1.29 -1.29 -1.33 
-0·38 -1.20 -1.39 -1.~6 -1.56 
-0·78 -1.91 -2.16 -2.13 -2·37 
-0'!4 -1 . 2~ -1. 60 -1. 71 -1.l9 
-0. -0·93 -0·92 -0·75 -0. 2 

-0.08 -0.27 -0·3~ -0.22 -0.22 
-0.1~ -0.08 -0.12 ":0.08 -0,08 
-0.2~ -0.06 -0.08 -0.08 -0.12 
-0.1 -0.08 -0.12 -0.06 -0.08 
-O.i~ -0.2~ -0·32 -0.28 -0·30 

0.06 -0.0 -0.06 -0.02 O.O} 
-0.20 -0 . 19 -0.2~ -0.12 -0.12 
-0.25 -0.27 -0·32 -0.27 -0·30 
-0.10 -0·30 -0 ·36 -0·30 -0·30 
-0. 08 -0.18 -0 . 22 -0 . 18 -0.1~ -0.09 -0.16 -0.20 -0.15 -0.1 

0.~2 -0.~8 -0·76 -0·33 -0.69 
3·51 -0·30 -0.~1 -0.82 -0·73 
3.82 -0.21 -0. 6 -0.5~ -O.gl 
3·20 -0.5l -1.08 -1 . 19 " 1.0~ 
0.~7 -0·7 -1.15 -1.20 -1.1 
O. 3 0.1~ 0.00 0.20 0·59 
1. 22 -0·57 -1.03 -0·57 -0·52 
0·50 -0.~1 -0.26 -0.26 -0.76 

-0.19 -0·32 -0·51 -0·32 -0.21 
0.11 -0.26 -O.~O -0·32 -0.29 

-0.45 -o.M -0. 5 -0·36 -0·38 

a . Spec imens cut l ength" i Ae 
b. Specimens cut cro s8Wise 

Changes During Aocelerated 
Servioe Test No. I 

1 3 5 
°r~te °r~tes °rs5

es 

WEIGHT 

-l.M -2·52 -2·79 
-0.28 -0.1~ -0.06 
-0·3~ -0.21 -0.16 
-0·37 -0.26 -0.23 
-0.80 -0.89 -0.93 
-0.06 -0.07 -0.10 
-0.80 -0.97 -1.05 
-O'l~ -0·90 -1.01 
-1. 1 -1.97 -2.01 
-0.93 -1.15 -1.2~ 
-0.89 -0.98 -0.9 

LEIIG TH AND WID T H 

-0.06 -0.22 
-0.01 -0.06 
-0.0 -0.09 
-0.07 -0.06 
-0.11 -O'M -0.01 -0. 
-0.08 -0.10 
-0.16 -0.22 
-0.12 -0.17 -o.Ol -0.12 
-0.0 -0.08 

THIOKN1r.SS 

-0.~3 -0.07 
0.16 0.63 
0.25 0.6} 
0.22 0.~1 

-0.11 0.13 
-0.12 -0.18 
-0.10 0.08 
-0.05 0.09 
-0.40 -0.21 ' 
0.06 -O.og 

-0.02 0.02 
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-0.2~ 
-0.0 
-0.09 
-0.07 
-0.14 
-0.02 
-0.08 
-0.22 
-0.18 
-0.09 
-0.08 

-O.o~ 
0.8 
1.01 
0.63 
0.13 
0.05 
O.~ 
O. 

-0.11 
0.00 

-0.09 

10 

°r~te8 

-3.~ 
-0. 
-0.16' 
-0.21 
-1.00 
-0.10 
-1.19 
-1.19 
-2.15 
-1.39 
-0.90 

-0·32 
-0.06 
-0.10 
-0.08 
-0.1~ 
-0.04-
-0.10 
-0.26 
-0.20 
-0.12 
-0.10 

-0.28 
1.01 
1.23 
0.68 
0.21 

-0.13 
0·30 
0.28 

-0.11 
-0.05 
-0.15 

Ohanges During Acoelerated 
Service Test No. II 

1 3. , 10 

°r~te °r~tes °f~3ea °r~teB 

-1.81 -2.5l -3.04- -3.5~ -Log -1.5 -1.~ -2.2 
-1.10 -1.59 -1.g6 -2.25 
-1.18 -1.72 -2.03 -2.~5 
-1·32 -1.S8 -2.17 -2.~9 
-0·30 -0·31 -0·35 -O.~O 
-1.~? -1.~ -1.69 -1.8~ 
-1. 3 -1. -1.77 -1.9 
-1.60 -2.10 -2·32 -2.52 
-1.10 -1.59 -1.87 -2.17 
-1. 2~ -1.15 -1.12 -0·g5 

-0.21 -0·32 -0·36 -0.~1 
-0.08 -0.12 -0.1~ -0.18 

-0.12 -0.12 -0.16 
-0.06 -0.10 -0.10 -0.13 
-0.16 -O.2~ -0.27 -0·32 
-0.02 -0.04- -0.02 -0.03 
-0.16 -0.20 -0.21 -0.22 
-0.22 -0.2~ -0.26 -0·30 
-0. 18 -0.26 -0.28 -0·32 
-p.12 -0.18 -0.22 -0.2~ 
-0.10 -0.10. -0.10 -0.11 

-0.36 -0·51 -0.66 -0·70 
-0.54 -1.06 -1.33 -1.~ 
-o.~~ -1.0~ -1.17 -1. 
-0. 2 -1.27 -1.~9 -1.71 
-0·3~ -0.72 -0.82 -0.98 
-0. 20 -0.20 -0.1~ -0.03 
-0.56 -O.~ -0.67 -0·59 
-0·31 -0. -0.23 -0.21 
-0.21 -0·32 -0.29 -0.19 
-0.29 -0.·35 -0·37 -0.38 
-0.23 -0.28 -0.21 -0.1~ 
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TABLE 111 . - CONCLUDED. 

Changes During Accelerated Changes During Accelerated Changes During Accelerated 
Service Test No. III Servioe Test No. IV Service Test No. V 

I.!nteria1 1 ,- 5. .I.? 1 > , -ur .I. 3. 5. 1.0 

DeFig- cr~te cr~tes c1~tes CIst
es Cr~te cr~te. Cr~tes cY~~.re °1~te '~3ee °r~tee °1~te. nation 

I I 
WEIG H T 

.u -2.25 -3·}2 -3·67 -4.28 -4·32 -4 . 7J -4.91 -5·13 0.85 -3. 42 -3·96 - 3·92 
Bla -0.~7 -O.~O -0·33 -0.42 0.12 0.40 0. 3

4 
0.16 1. 51 -0.61 -0·73 -0.54 

Blb -0. 3 -0. 5 -0·57 -0.68 -0.01 0.16 0.1 -0.11 1.19 -0 . 87 -1.00 -0 · 74 
01 -0·73 -0.82 -O.M -0·92 -0.13 0. 12 0.11 -0.19 1.09 -0·98 -1.15 -o.~ 
Dl -1.11 -1.41 -1.44 -1:62 -1. 79 -2.24 -2.45 -2.81 0.60 -1. 71 -1.89 -1. 
El -0.28 -0·33 -o·t -0.42 -0·38 -0·73 -0.92 -1.10 0·31 -0.27 -0.29 -0.34 
n -1. 21 -1.~8 -1. 6 -1.58 -2.10 -2.45 -2.64 -3·13 1.05 .-1. 50 -1.48 -1.35 
H1 -1.16 -1. 1 -1. 6 -1.l8 -1.62 -2·°5 -2·36 -2.80 0.90 -1.83 -2.09 -2.10 

Il -1. 79 -2.28 -2.3~ -2. 5 -1.96 -2·31 -2·59 -2.90 0·51 -2.26 -2.45 -2.25 
Jl -1.05 -1.4~ -1.5 -1.77 -1. 71 -2.01 -2.32 -2.66 0·56 -1.l6 - 1.98 -1.83 
Xl -1.19 -1.3 -1.35 -1.40 -1.55 -1.62 -1.75 -1.76 0·70 -0. 1 -0·75 -0·51 

LE N GTH A N D IV I D T H 

A1 -0.1~ -0.27 -0·34 -0.41 -0.40 -0·36 -0·37 -0.44 0.10 -0 . 40 -0·53 -0·56 
Bla -0.0 -0.07 -0.07 -0.09 -0.18 -0.16 -0.17 -0.19 0.02 -0.10 -0.12 -0.12 
Blb -0.07 -0.08 -0.10 -0.10 -0.18 -0.13 -0.14 -0.18 0.02 -0.12 -0.13 -0.12 

01 -0.04 -0.07 -0.07 -0.08 -0.13 -0.12 -0.10 -0.14 0 . 00 -0.10 -0.12 -0.10 
Dl -0.14 -0.20 -0.20 -0.22 -0·50 -0'f8 -0.66 -0.7~ 0.04 -0.25 -0.28 -0.28 
El -0.02 -0.02 -0.02 -0.04 0.13 o. 0 0.08 0.0 0.03 0.00 -0.02 -0.01 
Fl -0.14 -0.20 -0.22 -0.26 -0·32 -0·37 -0.40 -0.48 0.01 -0.26 -o.~ -o.~ 
Hl -0.20 -0.26 -0·31 -0 · 38 -0.22 -0·32 -0·36 -0.46 0.02 -0·36 -0. -0 . 7 
Il -0 . 22 · -0.28 -O'fO -0·38 -0.23 -0.27 -0.32 -0·36 0.02 -0·30 -0·34 -0.34 
Jl -0.08 -0.14 -0. 8 -0.19 -0.20 -0.24 -0.28 -0·32 0.03 -0.22 -0.26 -0.26 
Kl -0.08 -0.20 -0.16 -0.18 -0 . 10 -0.14 -0.17 -0.22 0.02 -0.13 -0.16 -0.18 

T H 10K NEB 6 

AI -0·30 -0.64 -0.63 -0·79 1.54 3·09 3·77 4·05 0·73 -0.54 -0·71 -0·71 
Bla· -0.06 0.22 0.03 0.08 1.54 2·75 2 J~8 2·99 1.46 0·35 0.3~ 0.60 
B1b -o.ll 0.08 0.11 0.11 1.30 2·78 2'44 3·13 1.24 0.03 -0.1 0.08 
01 -0.1 -O.O~ -0.08 -0·30 1.0~ 2·53 2. 2 2.69 1.09 -O.lEi -0.3~ -0.16 
Dl -0.13 -0.1 -0.26 -0 . 26 2·3 2·55 2'l8 3. 49 0.60 -0.26 -0·3 -0.23 
El 0.07 0.28 0.03 0.21 1.00 0·73 o. 8 0·35 0.03 -0.09 -0.06 0.17 
Fl -0.03 0.00 -0.13 -0.16 1.12 1. 25 1.57 1.g~ 0·78 -0.18 -0.18 0.02 

Hl 0.09 0 .09 0.28 0 .08 -0.16 0.23 0.18 0.2 0.66 -0.07 -0.07 0.25 
Il -0.19 -0.19 -0.13 -0.13 0.49 0.60 0.68 0.81 0.19 -0.27 -0.19 -O.O~ 
Jl 0.11 0.05 0.03 -0.21 0.6) 0.64 0·56 0.69 0.40 -0.08 -0.13 0.0 
Kl -0.14 -0.22 -0.20 -0.28 0 . 02 -0.14 -0.16 -0.25 0·30 -0.07 -0.09 -0.13 

-_._.- -- . - - - --

~ . Spec imenp. cut lengthwiAe . 
t. specimenA cut croR r.r.iAe. 

~--~-~----.~--. ~ ----~---
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r-- =1 

aterinl Inttial Strength, 
Deslg- lI.odulu A, or 
natio n Deflection 

( I b/ ln2) 
Al 1 2 ,700 
91 "- 42 , 600 
B1 b 29 ,000 
Cl 35,100 
01 23, 500 
El 34,100 
Fl 16 ,100 
Hl 13,100 
Il g:~gg Jl 
Kl 9,000 

( lb/ ln2 ) 
At 1,170,000 
Bla 3,363,00 0 
B1b 1,845,000 
Cl 2 , 567,0 00 
01 1,920,000 
n l, S10 ,000 
Fl 706 ,000 
Hl S5 2,IJ00 
Il 1 , 23 g ,OOO 
Jl 1,121,000 
Kl 9 g6,OOO 

( mile) 
.1.1 24.0 
Bl" 26.4 
Blb 31.0 
C1 27." 
Dl 21 . 5 
El 45 ·7 
Fl 72.7 
H1 68.2 
Il 65 . 2 
Jl 41.2 
Xl :?l.0 

L 

TABLE IV . - CHANGES I N FLEXURAL STRENGTH, 1I0DULUS OF ELASTI CITY, AND IIAXIIIUII DEFLECTION IN FLEXURE OF PLASTICS DURING 
OU TDOOR WEATHERI NG, ACCELERATED WEATHERI NG , AND ACCELERATED SERVICE TESTB. 

Change During 
Outdoo r 

Weathering Te at 
1 

2. 4 - S. 7 - 0; ·5 
- 32. 4 - 4 .5 0 . 7 
-32. 1 3 . g 3. 4 
-26 · 5 6.3 4. 6 
-14.5 -1. 7 3.0 

0 . 0 0 . 0 3. S 
-24. S 4.4 g.6 

- 5· 3 -3 . g - . 9 
- g. 3 -3. 9 -~ . 1 

-11· 5 -".6 0 .0 
17.8 11. 1 15 .6 

- 26 .1 - 27.1 -27 . 4 
- 27. 4 -11.8 -1 2.7 
-32 . 1 -7 · 3 - 2. 9 
-24.6 -4 . 6 -4.3 
-11. 3 - 6 .1 -4.5 

- 2.2 -6. 6 5· 1 
-12.6 4.7 13. 0 
-13 . 2 -9.2 -14.4 
-15 ' g -7·1 -9.0 
- 26. -17 . 6 -15·2 

9 .1 10.8 2. S 

38.3 24.6 18.3 
1.1 -7 . 6 -2.6 

13.6 16.1< 5.5 
6.9 12.4 -1.8 

-3.:3 3 . 3 g.4 
-1.1 16.4 3.3 

-4O.S -14.0 -23.4 
-10.4 -22.1 -28.4 

5.1l. -12.4 -9.0 
-5.3 -9.7 -1.9 

7.1 -0 · 5 0. 0 

B. . 8peclmeoB out lengthWise. 

b. Specimene cut oroB8.1~e. 

Change During Change During 
Acoelerated Servioe Aocelerated Servioe 

et 

FLEXURAL STRENGTH 
-3.9 0.0 -12.6 - 21.3 5.5 
- 0 .2 -2. 4 -12.4 -1 2.9 7.g 
- 0. 3 0 .0 -11.0 -13. g 6.9 

7 ·1 8.6 - 5 ·4 -11.1 1 . 5 
3.0 3 . 0 -S. 5 -6.4 3.0 

13. 5 22.3 -9.1 - 9 .1 -15.2 
- 2· 5 - 5 · 6 1.2 0.6 3.1 

-13.7 -13 . 7 -" . 6 - 5· 3 -3.S 
-6.6 -3.1 -3.1 -3· 5 -0.9 
-2.3 -3.4 2.3 2.9 37.9 
11.1 15·6 12.2 7.7 17.8 

1I 0 DULUB -~:2 ELABTIOITY 
-2g . 8 -20. 2 - 56.9 -14.4 

- 5 ·9 -5·4 -16.6 -18.0 -6.4 
-7.6 -5·8 -16.9 -22.4 -5 · 7 
- 6. 3 -5.0 -11 . 2 -16 . 2 0 · 5 
-1.0 -3 .6 -11·7 -14.6 -4.5 
3.3 9.0 - 5 ·2 -7 · 0 -20.6 
O. S -0 · 7 -12.8 -15.2 0 . 4 

-17·2 -17·0 -12.3 
=iU 

-11. 7 
-7. g -g. 2 -13.2 -7.4 

-16.9 
=iU 

- 21. 7 - 23 . 4 14.3 
-14 . 8 g.o 9.4 2. 6 

II A X I II U II DEFLECTION I N 
37.1 1.7 
-6.4 -g.O 
1.9 -0.6 
9.1 11.3 
2.8 2.3 

-1.3 -4.4 
-24.9 -~.2 
-36.7 -3 .8 
-16.6 -13.0 
-3.6 -11.9 
11.9 9.0 

Nf<TIONAL f<OVISORY 
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39 . 2 89 .2 11. 7 
17.4 13.6 ~. 7 24.8 26.4 . g 
19.3 10.2 5·1 
3.2 S.S 7. 4 
0.0 17.1 3S.3 

23·5 19.7 -14.4 
-1.2 - .3 -10 ' 4 
~ 2 2.2 =~:S 1 . S 15.5 

-1.4 -5.7 Il..~ 

- o . g -16.5 -7.1 
g.9 -4.2 -11. 7 

6. 9 - 6 .9 -15.2 
1 . g 1.1 1.4 

3.0 -S.9 -6.3 
-12.6 -0.3 6 . 2 
-0.6 -3.1 -4. 5 
-3.S -6.9 -13.7 
-2.6 -5.2 - 5 · 7 
34.5 1.7 -2. 9 
16.7 13.3 9.1 

I N TL!:XURE 
-16.8 -45.5 -43.7 
~1.4 -12·7 -16.4 
-0 . 6 - 23 . 6 -38 .4 

1.0 -19·5 -16.7 
- 1. 0 -17.8 -13.1 

-12.0 0.4 0 . 9 
6 .S -15. 2 -11.6 

-7 · 1 -19.6 - 18.9 
-4.6 -20.4 -la· 7 
17· 5 -26. 5 -2 .5 
-O.g -0.3 6 . 7 

FLEXURE 
6.7 48. 3 59.2 
5· 7 10.2 -7·2 
0.6 lS.4 33.6 
1.8 Ig.2 17.2 
4.2 2.3 4.6 

45 · 7 27.4 -4 . 2 
-23.4 -1.4 -4.S 
-10.6 -5 . 6 -25.5 
-13.2 -2 . g -0.3 
-11.6 S'l g.g 
-1.0 8. - .7 

Change During 
Aocelerated Servioe 

-25·6 - 41.6 
-lS.3 -24.2 
-22.1 -23.1 
-17· 7 -17.1 
-20.S -30.6 
-9.7 -14 . 1 

-19 · 9 -2P 

:~U -2 . 9 
-15 . 3 

-11.5 -13.g 
8.2 6.1 

- 65·8 -74 . 3 
-26.1 -33.3 
- 36.2 -39.1 
-25·a 
-35· 

-30·a 
-42. 

-19 .1 - 23.0 
-33.6 -39·1 
-27.6 -31. I 
- 31.0 -36.4 
-40. S -47.2 
-4.0 4 . 9 

112.1 125.4 
21 . 2 2S . 0 
3g.7 35 . g 
17·5 31.g 

2a· l 16.7 
2 .3 36. 5 

2.5 P - 5. 3 -2 .2 
2.4 9.2 

Ig.7 27 . 9 
11.9 -6.2 

Change During 
Accelerated Service 

Teet 

-14 . 2 -lg . 9 
-1.~ -4 . 9 

2. -4.1 
2.8 -0.3 

-5 ·1 -11. 9 
-0.9 -1. 2 

0 .0 -14.3 
-12.2 -19 . S 
-4.g - S . 7 
-2.3 -1~.5 
13.3 . 0 

-44.6 -48.0 
-12.S -12 . 8 
-16.1 -16.1 
-9'4 -11. ::i~:a 

7·6 -3.2 
- 0 . 3 - 20. 1 

-22 . 4 -22.6 
-13.5 -1 2.1 
-22.g -23·5 

7.4 9.1 

36.2 52.1 
6.1 2.3 

21 .3 6.4 
5·5 5 · 5 
2.3 -5·1 

-15.5 0.7 
-19.g -17.2 
-31.7 -30 . 5 

- 9. 4 -17.3 
0.0 -21.8 

- 4 .g -7.1 
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~eter la.l e t 
DeB i S'- uut-
nat i on doo r 

!..E 
Al g 
BIb 9 
Blc n 
Cl 10 
Dl 1 
El 2 
Fl 5· 5 
HI 3 
Il l J1 
K1 5 · 5 

LE. 
Al g 
BIb 9 
B1c 11 
C1 10 
D1 1 
II 2 
F1 P HI 
Il J J1 
K1 5 · 5 

TABLE V.- RESISTANCE RATINC;Sa OF THE PLASTI C MATERIALS IN OUTDOOR WEATHERING, ACCELERATED WEATHERIIIG, AND ACCElERATED SERVICE TESTS 

er n 
Aocel-
er ated 

120 hr 

11 
2 
4 
3 
9 
1 
6 
7 

10 
g 
5 

240 hr 

11 

~. 5 
4·5 

10 
1 
6 
7 
9 
g 
2 

WEIGHT LENGTH AND II" I D T H THICKNESS 
Ove r- lI"e atherlno: Over her!n 

~cc el rnted Se rvi c e Teets all Out- Accel- Ac celerated Servloe TeBtB all Out- Accel- Accelerated Service Testa 
I I Ratin" door erated I II I IV V Ratino: door era ted V 

2...E.l 2....£l 2...£l 2....£l 2...E.l .!..E: 120 hr 2...E.l ~ 2...£l ~ 2...£l .!..E 120 hr 2....£l 2....£l 2...E.l 2....£l ~ 
11 11 11 11 11 11 2·5 9·5 11 11 11 

4.5 
11 10 3 l 2·5 6 11 11 11 

1 ~ 1 3 2 2 7·5 3·5 2 ~ P ~.5 3 10 10 10 2 9 9 · 5 

~ a 2 4 4 10 2 6. 3 5 11 2 11 9 4 10 5 g 1 5 g P 3·5 3 2·5 2. 5 2 2·5 2 9 8·5 g 11 7 9·5 
5 9 7 g 7 g g 9 7 11 7 g l 10 g 9 8 8 
2 1 2 4 1 1 1 1 1 1 1 1 1 1 1 2·5 1 2 ~ . 5 1 
g a 6 10 6 6 9 7 it. 6 . ~ 10 8 7 8 P 7 7 6 · 5 6 
7 8 7 9 7 11 9·5 10 8 10 8 10 11 6 8 ~ 10 2 2 

10 10 10 g 10 10 5 11 9 10 g l g g 2 5 5 6·5 4·5 l 9 7 9 8 9 ~.5 6 
6: ~ 7 1 3 1 5 2 3 

6 2 5 5 3 3 5 4. 2·5 5 4·5 5 4 5 11 4 2 8 1 3 

.!Q...£l: ~ !.Q....£l .!Q..EI 19.-Ex. lE 240 hr ~ ~ 19.-Ex. 12...£Z !Q....£Z lE 2il-0 hr ~ .!2....£1 .!2....£1 ~ .!Q..EI 
11 11 11 11 11 11 2·5 10 11 11 11 g 11 

. 
3 7 6.5 10 

1 6 1.5 2 a 2 7·5 3·5 2 4 a 4 3·5 3 10 8 10 

a 7 ~ 1 4 10 2 j 3 3 · 5 ~ 11 il- 11 
g 

~ 5 5 P 3·5 3 2 ? 2 9 10 9 
6 9 7 7 8·5 g ·5 8 9·5 7 11 7 8 l 11 5 
2 1 ~. 5 4 1 1 1 1 1 1 1 1 1 1 1 3 
7·5 ~ 10 6 6 9 7 

16 
6 8 10 8 · 5 7 8 9 8 

16 . 5 9 ~ 9 7 11 8 · 5 8 9 · 5 9 10 11 6 2 6·5 
10 10 10 10 5 11 9 9 · 5 P l P g 2 6 2 

9 5 g 6 8 8·5 ~ . 5 6 7 7 1 5 1 
5 2 5 5 2 3 5 5' 2 5 5 5 4 5 3 4 

a . For changes 1n wei ght and di mensions the materials are rated according to the degree of change, the Least change being 
denoted by' a rating of 1. For the fl exural strength and the flexural modulus of eIRettc1 ty the materials are rated 
according t o the rete ntion of strength, the material with the greatest inorease being rated 1 and that with the 
greatest deorease being ra.ted 11. For the mR.Ximum deflection in flexure t he material with the greatest negative cbange 
i s rated as 1 and thet 1'1 th the greatest posl t ive change aB 11. 
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b. SpeCimens cut length..,! se. 

c. Speoimens cut crosswise. 
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"'_teri.1 Wea1;herlnll 
De8 1 11- uut- Accel-
nation door t!""a+.ed 

l.E ~hr 

;ib 0 11 
11 ~ SIC 10 

C1 9 2 
Dl 7 6 
El 3 5 Fl g 
!l1 4 7 
11 " S 
Jl t l' 
Xl 1 1 

L:a: 21;.0 nr 

~~b 2 10 

I 
11 7 

31!" 10 5 
Cl 9 7 

D1 7 <; 
El 3 4 
n 

I 
g 2 

Hl 

I 

4 11 
11 S 9 
:1 e 
Kl 1 1 

TABU V. _ CONCLUDED 

Fl.EXURAL STRENGTH WCDU1.US O~ ELASTICITY I N FLEXURE t-IAXIli1ll! DEFLECTION IN FLEXURE 
Over- 'ReQtherln over- eat ertn 

Ac~VeT~ted Service Teets all Out- Accel- Ac elera.ted Service Tests all Out- Accel- Accelerat d Se=vlce Tests 
I II III IV V R"t1n~ door erated I II III IV R .. ti!)g door erated I II III I 

~ 2..£1. 2...£l. ~ 2..£1. l...E 120 hr 2...£l 2...£l 2...£l 2...£l ~ Lll 120 hr 2...£l !l...ll 2...£l ~ ~ 
11 6 11 11 11 11 3 11 11 10 11 11 11 11 11 11 11 10 11 11 11 
10 4 6 7 6 9 10 9 g l § 4 6 6 6 5 7 I!i 7 7 9 

* 
5 g · 5 10 3 7.5 11 7 9 9 g 9 10 P 10 5·5 9 10 10 
3 3 6 2 2·5 7 a ~ 3 6 3 4 3 8 I!i 7 g 5 I!i 

7 g 10 9 9 10 3 5 ! I!i 5 5 4 7 4 9 4 9 7 
3 11 4 2 ~ 4 · 5 2 5 2 11 2 1 2 5 9·5 3 11 10 g 3 
3 7 

g.5 
g 4., 4 2 6 4 4 7 3 4 1 2 9 1 3 3 2 

~ 10 ~ 10 P t I!i f 9 7 ~ 9 7·5 2 1 2 2 1 1 1 
9 7 g 6 g 8 7 7·5 7 a ~ ~ 2 2 4 

2 1 2 3 7 2 · 5 9 10 10 1 10 10 10 10 3 0 6 6 6 
1 2 1 1 1 1 1 1 1 2 2 1 2 I 9 6 1 5 · 5 5 4 5 

l~ cy lQ....£y l2....£r. 10 cz 12....£1. Lll 240 or !Q....c;y 12....£1. lQ....£y 1Q....£y l2....£r. Lll 240 hr 12....£1. 1Q....£y !Q....c;y lQ....£y !Q....c;y 

11 S 6 11 10 10·5 g 11 11 11 11 11 11 11 11 11 11 10 11 11 11 
9 4 9 l ~ 9 10 g g 4 6 5 6 7·5 6 4 6 g 2 7 g 

10 i 11 g 11 4 9 10 7 7 4 10 

* 
10 10 9 10 

g 3 5 2 3 · 5 7 ~ 7 ~ ~ 3 3 g 
~ 7 9 g g 6 

11~ 
7 1 0 7 7 3 3 9 ~ 5 4 1 0 g 4 5 

7 2 

I 
3 g 3 · 5 2 2 2 10 2 2 2 5 g 9 11 10 4 

I 
3 

16 
g 5 I; 1 g 2 3 g g 3 1 2 g 1 5 3 

~ 11~ 4 11 1~ . 5 t 9 9 g 4 4 P 2 1 1 4 1 1 1 
6 6 7 4 g 5 6 I 7 3 3 2 6 4 3 

I 2 1 4 2 

I 
9 2· 9 10 10 1 9 10 10 10 3 5 7 3 g 6 2 

I 1 2 1 1 1 I 1 1 3 1 5 1 1 1 1 

I 
9 7 2 5 3 2 5 

I I I 
I 

!t. For ch"nf7es in r.etght and dimensions the !!Ia"t:erlale are rate" according to the degree of change , the least change beln~ 
denoted bv a l'''!tlnP.' of 1. For the flexurel strength :lnd t he f1exul'1I1 moduluB of elestic1 ty the materiAl s are rated 

~~~~~;~g d;~~!~:e r~!~~~!~~t~~ ~i~enro~' t~~e m::i:~8~e;i !~ t~~~ ~~e~i::~l.!n~~:a::t~~i~~ ~~!:d t~e 8~e;~:!t ·!:~A!~;e 
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ch"r.sc 1s reted a.s 1 and that with the greatest posit!".£: change as 11. 

b. Specie:l!ns cut le!lgtbwlse. 

c. Spe('b,ene cut crOBcwise . 
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TABLE VI.- COHRELATIOIIT OF IABC'Rl.l..TORY AGING PRCCEDURES 

WITH OU'fDOOR WEATHERIKG ~ 

T--~Orrler of c~relatioD of le.boratory aging 

\ 
__ ,_,"J?!g~du:r~ .11'i th out~co~ weatperiD82 

PropertL-___ .L-_~rst I 83G01 Th_ird vourt,lli Fifth 

Weight I 1-5 I 1-10 A-120 I 111-5 A-240 

Lsngth and width I 1-5 I 1-10 II-5 I ,\-120 A--l;80 

Thickness '"-5 1--10 III-5 I III-10 A-120 

Flexural strength I IV-5 III -10 IV-IO I V--IO 1--10 

I 
I 

Flexural modulus of 111-10 I 1-5 1-10 i 111-5 V-I 0 

elasticity I I I 
Deflecti~ i n ~le~lU"e 1. __ Al60.1~-5 P_-2~0 I V-10 11-5 

10nly the 5-' and 10-cycle accelerated service tes ts are considered 
since these are the only tests for whioh data are available for all the 
properties measured . 

2The Roman numeral indicates the accelerated service test in Method 
6011 of r eference 1 ; the Arabic n1lllleX'al fo::'lo'wing it indicates the munber 
of cycles . "A" refers t o the Accelerated Heathering Method 6021 of refer­
ence 1; the t~abic numeral following it indicates the number of hours. 

NATIO~ffiL ADVISORY 
COMl'·ITTl'EE FOR flER ONAUTICS 
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TABLE VII. - EQUIIJIBRHJM MOI STtJRB: C OllJ'I'ENT OF GRADE C PHENOLI C UMINATE, 11, 

AT VARIOUS RELATIVE HUMIDITIES 

i 
~ 

Means or mat er ials I Moistu.re 
Tempe~aturelh. umiditY 

(OF) . (percent) 

I 

in to obta 
relative hum idity 

content 
(percent) 

77 I 0 Phosphorus pen toxide 0 
oom 3.1 
e2 4 .6 
ride 2 5 . 2 
r 7 .1 

e 2 4 . 2 2 i 5 . 0 

:2-+ 
6.0 

4.1 2 

t-: r 6 .6 

e2 3.6 

50 I Conditioning r I 76 Sodium chlorid 
I B5 I Potas s i um chlo 
~_--I Dist~11ed wate 

I 74 I SodiDE. chlor i d 
I B~ I Sodium sulfate 
I 100-----1 Distilled \Vate 

1---1- 4-0---+, --'7-,3 I ' Sodi~~hlorid 

L BB I Sodium sulfate 
1-_____ _lO~"I . Distilled wate 

73 ! Sodium chlorid 

100 

175 2 I 4 . 6 t 

Time to 
reach 

approximate 
equilibriuml. 

(weeks) 

25 

31 
25 
31 

49 
42 
31 

30 
27 
16 

(d~~) 

4 
7 88 ! Sodium sulf ate 

100 ---L~ietilled water _ I 6 . 6 ~_. _6 __ ....J 

l.SpeCimens ,-rere initie.11y conditioned at 770 F and 50-percent rel­
ative humidHy to we j.ght e quHibyiura . It is esti mated that the speci­
meLs are within 2 percent of weight equilibr ium at the times indicated . 

2SatUl."ated aqueous solution . 

NATIONAL ADVISORY 
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FIGURE 1.- HYDRAULIC UNIVERSAL TESTING MACHINE WITH ELECTRICAL-MECHANICAL EXTENSOMETER 
AND AUTOGRAPHIC RECORDER. 
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HACA TN No. 1240 • Fig. 3 

FIGURE 3.- CLOSE-UP VIEW OF ADJUSTABLE-SPAN FLEXURAL JIG AND EXTEN­
SOMETER USED FOR MEASURING DEFLECTIONS OF SPECIMENS IN 

FLEXURAL TESTS. 
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MATERIALS TESTS 

PHENOLIC MACERATED 

PHENOLIC PAPER , PARALLEL-PLY 

PHENOLIC PAPER , CROSSED-PLY 

LIGNIN PAPER 

GLASS POLYESTER 

MUSLIN POLYESTER 

DUCK POLYESTER 

GRADE C PHENOLIC 

GRADE L PHENOLIC 

GRADE AA PHENOLIC 

N. OUTDOOR WEATHERING , 1 YEAR 

A. ACCELERATED WEATHERING , SUNLAMP-FOG , 

METHOD 6021, FED. SPEC. L-P-406a 

SOLID LINE , 120 HOURS 

DOTTED LINE, 240 HOURS 

I-V. ACCELERATED SERVICE TESTS, METHOD 6011, 

FED. SPEC. L-P-406a 

SOLID LINE, 5 CYCLES 

DOTTED LINE , 10 CYCLES 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

FIGURE 4. - CHANGES I N WEIGHT OF LAMI NATES IN WEATHERI NG AND SERVICE TESTS. 
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DOTTED LINE, 10 CYCLES 
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FIGURE 5.- CHANGES IN LENGTH AND WIDTH OF LAMI NATES IN WEATHERING AND SERVICE 
TESTS . 
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FED . SPEC . L-P- 406a 
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DOTTED LINE, 10 CYCLES 
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FIGURE 6.- CHANGES IN THICKNESS OF LAMINATES IN WEATHERING AND SERVICE TESTS. 
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DOTTED LINE, 240 HOURS 

I-V. ACOELERATED SERVIOE TESTS , METHOD 6011, 
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DOTTED LINE , 10 CYCLES 
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FI GURE 7.- OHANGES IN FLEXURAL STRENGTH OF LAM I NATES I N WEATHERI NG AND SERVI OE 
TESTS . 
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I-V. ACCELERATED SERVICE TESTS, METHOD 6011, 
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DOTTED LINE, 10 CYCLES 

NATIONAL ADVISORY 
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FIGURE 8 . - CHANGES IN FLEXURAL MODULUS OF ELASTICITY OF LAMINATES IN WEATHER­
ING AND SERVICE TESTS. 
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METHOD 6021, FED. SPEO. L-P-406a 

SOLID LINE, 120 HOURS 

DOTTED LINE, 240 HOURS 

I-V. ACCELERATED SERVICE TESTS, YETHOD 6011, 

FED. SPEC . L-P-406a 

SOLID LINE , 5 CYCLES 

DOTTED LINE, 10 CYOLES 

NATIONAL ADVISORY 
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FIGURE 9.- CHANGES IN YAXIMUM DEFLECTION IN FLEXURE OF LAMINATES IN WEATHERING 
AND SERVICE TESTS. 

& 



• 
NACA TN No. 1240 Fig . 10 

~ 
z 
w 

7 
LEGEND: 

0=77°F TEMPERATURE 
X= 100°F TEMPERATURE 
A=140°F TEMPERATURE 
I!I= 175° F TEMPERATURE 

6 r--------,r-------~--------_+--------_+----~~~--~ 

u 5 r-------~--------_+--------_+--------~~~~--~--~ 
a:: 
w 
Q.. .. 
I­
Z 
L1I 
~ 
Z 4 ~------~~-------+---------+--~~--~--------~--~ 
o 
o 
L1I 
0: 
~ 
I­
~ 3r-------~---------+----~~-+~------~--------~--~ 
o 
~ 

2 r-------~------~~~------_+--------~--------~--~ 

O~·~------~--------~--------~--------~--------~--~ 
o 20 40 60 80 100 

RELATIVE HUMIDITY, PERCENT 
NATIONAL ADVISORY 

COMMITTEE fOR AERONAUTICS 

FIGURE 10.- MOISTURE CONTENT OF GRADE C PHENOLIC LAMINATE AT DIFFERENT 
RELATIVE HUMIDITIES AND TEMPERATURES. 
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