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NATIONAL ApVISORY C.OMM).TTE.E F9~Lb.ERONAUTICS 

TECHNICAL MEMORANDUM NO, 995 

. THE .CREEP O.F ' LAIHNATED SYNTHE'DICRE$IN P1ASTICS* 

By H. Perkuhn 

SUMMAEY 

. The long-time loading strength of a number of lami
nated synthetic resin pla&tics was ' ascertained a nd the 
effect of molding pressure and resin content determined, 
The best value was Qbserved with a 30 to .40 percent resin ' 
content, The l . ng-time loading strength also increases 
with increasing molding ? ressure up to 250 kg/cm 2 ; a 
further rise in pressure affords no 'further substantial 
improve ment , 

·Thecre.e.p stren g th j,s defined' as the load which in 
the -hund-redth hour . of . lo'adln.g produces a r ate of elonga':'
tion of · 5XlO- 4 percent per hour, '. The creep strength . 
va l :ues · of different mat·eT·ia·ls were dete r mined and tabu
la t e·d (t :a b 1 e 2), 

The effect of ·hu·midity d:ur~ing ' long-tiine test·s is 
poi n ted .ou. t-.. : 

... 4! . . , 

· INr'RODUC·TI.ON .. ' 

If .. pl.a ·s .-t·ics are s.tre,s ·se·d 'so highly that ·t ·hey· 'can be 
us~d iliA a ·bout · the ·.sa rn e · weight foy ': ·co·Rstruct .ion .as metal 
unusua lly h ig'h de f or rna t i 'on s · c a n ' oc'cur. at the 'c 'Qlmpara b le 
stresses permissible for metals in aircraft det1gR~ de~" 
pen ding u pon the kind of stress and the design of the 
structural part , · · :The defo r-mat ·ions · \o1il 1 ' be high ' because 
.of . the l ow elasti .e· modul.us · of plastics ·and · the · incipient 
cr.eep .under p rotr ac-t .ed l oads . .even for low ' stresses, · The 
effect · of ti~e on ' the ': defermation ' ~ th~ plastic and the ' 
elastic portion - of l aminated synthetic : resin plastics 
even at r~ om temper a ture is already c mparable to that of 
metal structures a t high temper a tures such as do n ot occur 
under norma l service condi.tions, 

. , 
--------- ----------------- ._------------------------------

*"Kriechverhalten geschichteter Kunstharzpress-stoffe." 
Luftfahrtforschung, v ol, 18, n o . l~ Feb, 28 , 1941, pp, 32-
37, 
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The scope of'~ ~xperimentation on dt~~p : is not very ex
tensive (reference 1 ) . 

A descripti ' n of creep tests on laminated plastics 
prepared at various molding pressures and with different 
resin c ontent, together with suggestio ns f r improving the 
creep behav i or of such plastics is g iven as follows: 

Plastics under l,ad manifest c onside r ab le creep even 
a t ro om temperature, as exemplified in Muller 's experi
ments with pure plastics (re f erence 2). 

The deformation processes on laminated plastics are' 
mQre complicated because of the existence of a very nOQ- ~ 

homogene ous and ' anisotropic structure. 

,EXP.ER IMENTAL SET-UP 

Th e experiment' s we r e :rnade on t h e f a tigue-testing de
vi c e shown in figures 1 and 2~ which permitt ed testing of 
1 6 sam pIe sat 0 n c e . The ~ Ii e c i Ine n s we reI 0 a d e d by wei g h t s 
(1) and lever (2 ) with an arm r atio of 1:6. T~e levers 
are mounted n ball be ar in g s and carry ba~ance weights 
with c oa rse and fine adjustment (3), (4). Clamping the 
test specimens in spheric a ~ly mounted clamp in g heads (5) 
with wedge grips insures a centrally applied load. The 
shock-free applicat i on of the loa d is insured by the ten
s ion s p r i n g s ( 6) and the 1 0 VI e r i n g of the l oa d by Ire a n s 0 f 
a spindle (7) . The e1 nga tions were recorded with a Fuess 
cathetomete r (fig. 1) . The instrument rotates about a 
vertical axis a nd is disposed in the center with the test 
specimens arranged in a half circle. Its recording accu
r acy is ±J . Ol mm. ' The arrangement of the ,clamping grips 
perIl'1itt' ed deformat' ion measurements with othe r strain in
strume~ts as well. 

T0 maintain constant temperature , (20~ C) a thermostat 
mounted on a level with the specimeB~ controlled an elee
trit stove. In a similar manner a hygrostat and an elec
tric water evaporation system equalized the differences in 
atmosphe ric moisture . 

TES T PROCEDURE 

The study included : 

1 . Paper-laminated plastics 
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a) DVL plastic , molded from 0 . 6 mm thick s o da 
pulp sheets . Rl?s in content: 9 percent, 
31 percent, and 44 percent (in relation 
to weight of plastic) . 

b) Plastics , commer c ial papier-mache 

c ) Z3A plastics, molded from 0 . 25 mm thick im
pregnated paper sheets, 31 percent resin 
c ontent 

d) Z3F plastics , . the t e st specimens being taken 
fro m a molded structural part of an air
plane . 

2) Fabric - laminated plastics of c ott on fabric 
weighing 66 g/m 2 , resin c ontent 22 percent, 
38 percent, a nd 51 percent . 

~---- ---

3 

The ~ind~r for the p l a stics under la )and 2 was phenol 
fo r ma ldehyde resin brus h ed n the resin c a rrier . Plastics 
la, l c , a nd 2 we re mol ded between · 200X90 or 200x40 mm 
platens in a n 8 0 - t pre ss at 60 , 200, and 600 k g/ cm 2 mold
ing · pre ssure an,d ,145 C temperatu re . Th e spe c im8ns , the 
s ha 'P e . f whi c h ' iJ~ ' s bw n in f ig u r e 3, w ere take n f r m 2 00 x 

. 90Xl . 2 a nd 200X40xl . 2 rom ' plat es f r materiah la, lc, and 
2 ·, f r m 1 000 x 1 00 xl. 2 m m p 1 ate s for rna t e r ia 1 1 b , . a nd fr o m 
a mold ed aircraft part · f or mate r ·ial Id. 

Th e meas ur e ments weTe m de at 20 ± 1 C temperatur e 
a nd 70 percent ± 1.5 percent relative humidity. 

Th e el ngations were measured with a cat he tometer 
(±l/l 0 mm) and in the 1 w-l ad range with a dial pre
cisi n gage (test length 5 0 mm , magni ficati on 1 : 50) . 
Through th e experi me nts the f ollowing values were deter
min ed . 

1, Long- time ' loading strengt h in relation to 

a) Mol ding pressure 

b) Re sin cont ent 

Th e ~ests las ed f r 3 days . The l ong-ti me 1 ading 
. s t ren gth was defined as t~e stress which coul d 
be sust ained for at least 3 0 days without failure . 
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2 . Strain- time curves correspo nding to the long-time 
loading streng th . 

The elongation s were recorded during an IS5-hour load 
period and subse~uent l S5-hour unloading period. 

3. Creep strength . 

The creep under load was observed for different 
stress during IS5-hour, 500-hour, and 70 0-hour 
t ests . After load removal the creep behavior was 
fOllowed for a time corresponding to the loading 
period . 

TEST RESULTS 

Figures 4 to 7 give the time elapsed to cause failure 
for paper~laminated and fabric-laminated plastics under 
various stresses. The long-time l oading strength defihed 
as the stress which is withstood at least 30 days without 
f ailure ranges between 50 to 75 percent of the tensile 
strength for a g iven material, depending upon resin con
tent and molding pressure. All curves exhibit a ma rked 
drop in stress within a co mpa rat ively short loading. period. 
For 2-day lo'ding the strength of all the mat erials is on 
the average nearl y 40 percent lo wer than in a tensile 
test with SOO kg/cm 2 /min r a te of loading. After a 10-day 
loading period no appreciable stres s decrease is n oti ce
able. 

la ) Long-Time Loading Strength in Relation to 
~ol ding Pressure 

According to figure S the long-time loading strength 
of Z3A increases con s iderably with increasing pressure 
up to about 250 kg/cm 2 , but a further rise in molding 
pressure affords no marked improvement in strength. 

lb) Lon g- Time Loading Stren gth in Relation to 
Res in Content 

The long- time loading strength sh ow s the same de 
pendence upon resin content as the breaking stress in 
the tensile test with uniformly incre a sing load (refer
ence 3) (fig . 8b) . In both the paper-laminated and the 
fabric-la minated plastics the strength increases with 
increasing resin c on t ent . The b est values range b etween 
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.30 and.. 4 0 p.e ,r ;ce nt. res,in content, while an .increase 'beyond 
40 per ce nt i~ fol~~wed , 'by -a d r op in strength again. 

Th e principal res ults a re re p r oduced in ta'ble 1. 
': . 

2. Strain-Time Curves for the Stress Cor responding to the 
Lon.g-T ime . Loading S t re ngth (fi g . 9) 

.. : 

" All thi mate r ials manifested at this load total elonga
tions (1.2 to 2.5 pe rce nt) f a r in excess of the amount per 
mitted in ,en.gine,e.r ing st r u ct ures.' The pe r manent stra ins 
alone aft~~ . 190 hQurs of loadin~ exceed ·0·. 2 perce nt. The 
strain-tim~ curves dis c lose a lasting decrease in the rate 
of strain 'but wi~hout rea c hing ze ro. For the purpose of 
answe r ing .the , qu3stio n as to whether the test speci mens 
br~ak in ' finite ti~ e, ~he ti me - strain curves of figure 9 
were leplotted in a semil ogarithmi c co ordinate system. 
All the time~strain c ur~es of figure 1 0 are concave toward 
the s t r a i n. a xis, t hat i.s, . dan g e r 0 f f a i 1 u r e e xis t s wit h i n 
a finite time, 'But the elon ga tion re mai ni ng upon re lease 
of the load disap p ears within c ompa r atively short time 
according to figure 9 . 

3 . Creep S t rength 

The definition of t he creep strength postulates for 
eve r y mate r ial the ' knpwledge of the rate of creep at a 
given time. The e alua i n f the time - strain curves for 
deter mi nin g t he. cree p 'strength was c a rri ed out , using the 
relations desc,ri bed . 'by.; .F. Gentner (reference 4). 

In the deter minatio~ of t h e cree p strength two fun da 
menta l types of . ti me-s t r ain c ur~es sh uld be distinguished 
(fi g . 11), ~ollo w ing an initially simil a r c on cave course 
toward the time , ax~, s· t .ne rate; of, strai'n of ty,pe (a) assumes 
zero value in finite tL e, and the strain sto~s . On 
curves of th3 .type Cb) · the' rate of str a~n decreases con-
tinuously ;'Vl t h ut, h we·v-er , rea.c,h ing the va~ue zer So, 
while curyes of . t y p e (~ ) are in e F ch insta~ce 1 cated in 
a safe range"the materials c har ~Gt eri z ed 'by the time
strain c urves of . gr up (b) ca n s O'oner or late~ lead to 
failure , dependi ng upon the speed of elonga tion . 

Gentner ' s~ ws · how the aspect 'of the curves of typ e 
(b), when pl d ted in · a semilogarithJ)lic "syste m of coordi
nates (time log on a x is of abs c iijsa) discloses whether 
danger of failure exists in finite time . 

:,: ", ~ \ ,. 

Acc rd ingly. time -s train cu rves d n ot result in 
failure in a finite time · interval , , . 

J 
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, 1. If'they a r e concave (hyperbolas) toward the time 
axis in the semilogarithmic system of cOordi~ 
nates 

2 . If they are straight (l ogarithmic curves) 
, .' ~ \ 

3 . If they start concave but subseQuently tend to 
straight lines asymptotically (l ogar ithmic 
cUrves) . 

The danger of failure in finite time exists, however, 
' for curves concav e toward the axis of elongati on (para.b-

o las) . 

Figures 12 to 15 show the time-elongation curves of 
s ynthetic resin plastics under different loads. Depend
ing upon the magnitude of the applied stress, curves with 

" parabolic or l ogarithmic ' shape are readily distinguished • 
. In tne long- time tests (700 hours, fig. 12) the applied 
gtresses produce a parabolic curve throughout the entire 
time interval . These stresses would therefore produce 
f ailur e in finite ti me . The limiting stresses correspond
ing to the creep strength and which satisfy the conditions 
outli n ed under (3) precisely, are shown in figures 13 to 
15 . 

Following the finding of these limiti n g stresses the 
shape of the time - elongation curves was aga in determined 
a t a 5 percent higher load and it was ascertained that 
these loads resulted ' in parabolic curves . Since a scat
ter of ±5 percent must be allowed for synthetic resin plas 
.tics , the stress value f ound initially determines the 
creep .strength with sufficient accuracy . 

Next, the time-elongation curves were examined with 
a view to pFedict i ng their subseQuent shape from ' the creep 
rate at · specific times . Four specimens were tested, 'e~ch 

with . different Inads near the creep strength, and · the time
elongation curves (figs . 16 to 18) dete r mine d . The rate 
of creep was determined f or the time interval frdm the 
40th to the ' 185th hou r of loadlng and plotted ~gairist the 
load (figs . 19-21 ) . 

Then the rate o f creep for different l oa ding periods 
was obtained from thes'e curves on the basis of a specified 
load . For the previously fo~nd limiting stresses the rate 
of creep in the 1 00th hour of loading amounted t . about 
5 x 1 0- 4 per c e n t pe r h 0 u r for the t h r e e d iff ere n t rna t e ria 1 s • 

According to fi gur es 16 to 18 it becomes apparent 
that after 100 hours the rate of creep has decreased suf-
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ficiently that thi$ loading period is suitable , for deter
mining the creep strength. 

On the basis of these c0nsiderati o ns the creep ,stFength 
of laminated plast~cs w~~ defined , as the stress ' ~h~ch in 
the lOOth to the 110th h our interval ~f l 0a ding produues 
a rate of ' creep ,of 5XIO-4 p ,e ,rcent per 'hour FUi-th'er'more, 
the permanent elonga~inn after 110tb h our 1 a~ing and sub-, 
sequent 24 hour relaxation must n ot ,exee'ed' 0 .2 percent . 
T his 1 a s teo n d i t i on iss till met by the DB l; e ria Is i n que s -
tion even after a 190-hour load peri d. Since shorter 
load periods yield less elonga ti on , this c ndition is par
ticularly well satisfied for 110 ho?r loading. 

, . , 

Table 2 contains the experimental values obtained. 
For practical application the previously d~ Rcribe d method 
i$ very useful for predicting the creep str'3n gth . Given 
t~e rate of elongation permissible for a specified 1 ad 
period the creep strength can be ascertain e d with three 
to four samples; while the prediction of the creep strength 
by the first method is less suitable because of the greater 
number of tests and l onger time requ~red to determine the 
limiting yalue. 

Duplicate tests were made on one plastic with a view 
to determining the amount , of ' scatter to be expected in the 
lnng-time , tests; ' the ' results of an extreme case are shown 
in figure 23 . This scatter is pr imarily due to' the fact 
that the structure f laminated synthetic plastics is 
microscopically neith,er homcgeneous. n or ' is()trop-ic. - Addi
tional tests are necessary for a more - accurate analysis 
of , the , elongation differences. 

TAB LE 2. - CREEP STRENGTH OF VAR I OUS PAPER-=LA'M INA TED PLAS T I as 
-------~--------~------~----

' Creep strength In 
--------, ------------ percent 

On basis f of 
Ten'sile 5XlO- 4 

per- tensile 

Ma. ter ial, strength GentneI1 cent of rate strength 
of creep in 
100th hour 
of loading 

( kg/ cm 2) (kg/ cm 2) (kg/cm 2 ) 

------------------ ------....,..- ------- . ------------ - , ' -.- ---
aper-laminated 

plastics, DVL 2038 720 715 30 .1 

Paper-lamina ted 
plastics, Z3A 2175 6f'\2 60 0 27.6 

aper-laminated 
plastics, com-
mercial 1310 296 290 22.2 
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The tests discl osed that b o th the temperature and the 
atmospheric humidity affected the fl ow pr ocess of the 
plastics. Risi ng humidity augments the def ormati ons, 
while decreasing humidity is acc ompanied by a shrinkage of 
the test specimens . Evidently, plastics are very suscep
tible ' t o humidity effects in the stressed and strained 
s tat e.: 

Translati on by J . Vanier, 
Nati onal Advis ory Committee 
f o r . Aer onautics. 
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Figures 1 and 2.- DVL creep testing 
apparatus for 
plastics. 
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Figure 7.- Stress-time curves 
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Figure 6.- Long-time loading 
strength of fabric

laminated plastics (DVL) with 
tifferent resin content. 
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paper-laminated 
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Figure 21.- Stress versus rate 
of creep at 

different loading times for 
papeI'-laminated plastics DVL. 
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Figure 22.- Stress remaining 
after 190 hours 

loading followed by 24 hours 
relaxation. 

Paper-laminated plastics DVL, 
II II II Z 3 A. 
II II II Commercial. 

Table I. Long-time loading strength of synthetic resin plastics. 
Resin Content />fo/diU ITensile strenqfh /"'07t- flme Long- tIme. loodlng 

Maleriol 
' /, 

press re loa ki?fc sfrength !sfren'l f" ' 17 % of' kg/em' kg/em' gem' t-enslle slren'lf" 

Paper-Iominafed pl(lsfics DVL 9 200 1420 725 51 
» » » 31 200 2038 1155 56,5 
» » » 44 200 1990 1050 53 
» » Z3A 31 200 2175 1145 52,5 
» » Z3A 31 60 1953 944 48 
~ » Z 3 A 31 600 2180 1230 56,5 
» » Z 3 A No. 5690 . 48 200 930 590 63,5 
» »(Commerciol ) - - 1310 790 60 

PQper- filled plastics (Moulded). - - 1498 850 57 
Fooric-Iomino fe-d 'plo.rlksDVL . .. . 22 200 1840 1170 63,5 

» » » 38 200 2085 1210 58 
» » » . I 51 200 I 1470 1120 I 76,5 


