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Laminates of an unsaturated polyester reinforced with glass fabric and of phenolic resin 

reinforced with asbestos fabric , high-strength paper, cotton fabric , and rayon fab ric were 

tested in impact, bending, tension , and compression at - 70°, 77°, and 200° F. Special 

apparatus was constructed for conducting the tests at the extreme te mperat ure con

ditions. The impact s t rength of t he glass-fabric laminate increases at - 70° and dec reases 

at 200° F relative to 77° F; t he impact strengths of cotto n- and rayon-fabric laminates de

crease at - 70° and incrcase at 200° F; the paper and asbestos-fabric la minates have small 

changes in impact strength with temperature. The flexural, tensile, and compressive 

s trengths and moduli of ela ticity increase at - 70° and decrcase at 200° F relat ive to t he 

77° F values. 

T e ts made at room t elTlperature after heating the materials at 200° F for 24 hI' indicate 

that prolonged heating with consequent loss of moisture content and further cure of the resin 

may off et t he effect of high temperature alone. In flexural tests made at 150° F and 90-

percent relative humidity, two laminates showed considerable loss in strength. 

1. Introduction 

A knowledge of the effect of temperature on the 
strength properties of plastic is of considerable 
importance in application of the materials for 
aircraft pmposes . R esults obtained by various 
investigators [I , 2, 3] 2 on plastic materials indicate 
that considerable variation in mechanical proper
ties with tempel'atme may be expected. 

Oberg, Schwartz, and Shinn [2] reported varia
tions of 10 to 30 percent in the tensile and fiexmal 
properties of Grades C, L, and :xx phenolic 
laminates for the range -38° to 78 ° F. 

N orelli and Gard [3] reported data for tensile, 
compressive, and shear strengths and tensile 
moduli of elasti0ity for various phenolic laminates 
for temperatures ranging from - 67° F to as high 
as 392° F in some instances . They concluded 
that the percentage change in strength for cellulose 
laminates is greater than for those made with 
mineral reinforcement. 

1 The data presented in this paper are a summary of results reported in 
NACA Tecbnical Notes 1054 and 1550. 

2 Figures in brackets indicate the literature references at the end of this 
paper. 

Properties of Laminated Plastics 

Meyer and Erickson [4] determined the mechani
cal properties of high-strength-paper phenolic 
laminates for temperatures from -690 to 200 0 F. 
For this temperature range they found large 
variations in tensile, eompre sive, and fiexural 
strengths and somewhat malleI' variations in 
modulus of elasticity. The strength and modulu 
of elasticity values diminished with increasing 
temperatm·e. 

In investigations by the Naval Air Experim ental 
Station [5] considerable data have been obtained 
at 77 0 and 1600 F on the mechani cal properties of 
a variety of plastic laminates. The ultimate 
strength and modulus of elasticity values were 
generally lower at the higher temperature, but the 
percentage changes varied greatly for the different 
materials. 

Witt, Wolfe, and Rust [6] obtained tensile and 
compressive data at 160 0 F and fiexural and 
impact data at - 70° and 160° F on a large 
number of samples of Grades C and L laminates 
from various manufacturers. They reported de
creases in fiexural, tensile, and compressive 
strengths and moduli of elasticity at 160° F rang-
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TABLE 1. Description of materials 

Resin 

N BS Tbick · 
D esig· T ype of lam inate. D ens· ness, M anufacturer Con· 
nation i ty aver- tent age T y pe by 

weight 

a/em) in . Percent 
LL .... }Low-pressure cottoo- { 1. 36 0. 15 

}Bakeli te Corp ........ . {Ba kelite- BV- } L 2 ..... fa bric phen olic. 1. 32 . 60 16S87. 
52 

Vl. .... }Low.pressure Grade C { 1. 27 . 15 
}Synth ane Corp ........ ..... d o ....... . ... 

V2 ..... phenolic. 1. 29 . 55 
51 

W L .. . } High· pressure G rade C { 1. 36 . 14 
} .... dO ........ . ...... 

{Ba kelite- BV-
W 2 . . ... phen olic. 1. 36 . 45 1112 . 

47 

1L ... . Grade C phenolic ...... J. 34 . 53 ..... do ................ ..... do ........... 48 

ZI d ... . } Rayon· co t to n.fabr ic J. 37 . 16 }Formica Insulation Ironsides Co.- 37 to 
Z2 ..... phenolic. 1. 37 . 48 00. P henolic 91- L . 40 

{Consolid a ted W a ter Bakelite- 16526 . 30 
81.. .... }Hi gh.s tre n gtb . p a pe r { I. 42 .12 
8L .... phenolic. J. 42 .50 

Power and Paper 
Co. 

K!. .... } Grade AA asbestos-fabric 1.50 . 15 
}Syntha ne Corp . ... • ... Bakeli te- 242L . 

K2 ..... phenolic . 1. 48 .57 
47 

ABL .. Glass·fabric unsa t u- 1. 82 .13 Army Air Forces P laskon- OOO .... 43 
ra ted·polyes ter. 'r echnical Service 

Command . 

AB2 ... ..... do .................. 1. 86 . 49 . .... do ................. ... . . do ........... 43 

U2 ..... .... do .................. I. 78 .60 Plaskon Di v., Libbey. ..... do ........... 50 
o W(, Il S- Ford GJass 
Co. 

------------

• Grade AA and Grade C refer t o N EHA deSigna tions. 
b If two or more temperature-time conditions are listed for Olle laminate, they were applied in 

succession to cure the laminates . 
• W arp directions a t right an gles in the t wo face plies. 

Reinforcement M olding conditions 

Tbread count 
Number Ply arrange· Pres· Time Time 

T y pe of plies m ent sure rr emp.b of beat· of cool· 
W arp Filling ing b in g b 

- - - --- ---------

Ib/in' OF min min 
{Enameled duck 8 } } cross ~ ______ 

oz/yd' 
84 28 

35 
250 325 30 

Army duck 10.4 oz/ yd' . 50 40 
· 26 

} . . .. do ..... ISO 320 50 - -------

.... . do ... . .... . .... . ... 50 40 
25 

} .... dO ...... . I, SOO 320 50 

Cotton fa bric .......... 50 40 27 P aralleL ... 1, SOO 340± 2O 50 20 

Fortisan WE-3975 3/1 {RaYOn Cotton 
}c ress ...... . 1, 100 300 20 20 t will , 12.5 Qz/yd' 75 12 23 

High·strengtb Mitscb· 27/0.060· . .... do ....... 250 3JO±1O 
12 

--._---- -------- 30 erlich pa per 32.5 in . thick· 
lb/ream of 480 sheets, ness. 
24 X36 in . 

{ASbestos fabric 18 } }paralleL .... 
oz/yd ' 

18 16 
20 

1, SOO 340±2O 50 20 

Fiberglas EC'C- ll-1l2. 38 38 45 . . ... do ....... 40 
ISO 120 
220 120 

160 120 

.. . .. d o ................. 38 38 166 . .... do ....... 40 
180 120 
200 120 
220 120 

. .... do ... . ....•........ 38 38 160 ..... do ...... .. 50 { 122 720 
230 240 

d The j.ji·in.·tbiek sample and the J.2·in.·thick sample of the Z material used in t he impact , flexural, 
and tensile tests were recei"ed at the same time. The J.2·in.· thick sample used in the compressive 
tests was received 10 months later . 



ing from 20 to 25 percent relative to the corre
sponding values at 77 0 F. The impact strength of 
these cotton-fabric phenolic laminates decreased 
about 40 percent at -70 0 F and increased about 
25 percent at 1600 F. 

Izod-impact test data reported by Fuller [7] for 
Grades L and XX phenolic laminates and for a 
glass-cotton-fabric phenolic laminate indicate an 
increase in Izod-impact strength with temperature 
for the cellulose laminates and an opposite trend 
for the glass-cotton-fabric laminate for the range 
- 67 0 to 158 0 F. Shinn [8] also found that the 
Izod-impact strength of paper and cotton-fabric 
phenolic laminates increased with temperature 
over the temperature range -67 0 to 158° F; a 
similar trend was observed for paper and cotton
fabric unsaturated-polyester laminates between 
-67° and 77° F. 

The present investigation was undertaken to 
obtain the impact, flexural, tensile, and compres
sive properties of representative laminates in the 
temperature range - 70° to 200° F . Since testing 
at these temperatures presents many problems not 
met in testing at room temperature, a major part 
of the project was concerned with the develop
ment of apparatus and techniques. 

This investigation, conducted at the National 
Bureau of Standards, was sponsored by and con
ducted with financial assistance from the National 
Advisory Oommittee for Aeronautics. 

II. Materials 

The materials tested were a group of laminates, 
which at the beginning of the project (1943) were 
considered for possible application in structural 
members of aircraft . The samples were supplied 
in nominal %-in. and ~6-in . thicknesses in the form of 
sheets 3 ft square or larger. A detailed descrip
tion of the samples is contained in table 1. 

Five of these laminates were tested at the 
University of Illinois [9] and the Pennsylvania 
State Oollege [10] in research investigations of the 
mechanical properties of the materials. Oreep at 
room temperature and flexural fatigue at various 
temperatures were determined at the former 
laboratory; sta tic and dynamic creep were inves
tigated at the latter institution. Limited mea
surements of the tensile and compressive proper
ties of the laminates were made at 77° F in both 
of these projects. Some of these materials were 
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included in other investigations at this Bureau 
[11 , 12], which were undertaken to determine (a) 
the tensile stress-strain characteristics of lami
nates and (b) the effect of simulated service con
ditions on laminates. Findley, Adams, and Wor
ley [13] made creep tests on the low-pre sure 
Grade 0 laminate and the rayon-cotton-fabric 
laminate at three temperatures and 50-percent 
relative humidity. In all instances except (a) 
the tests were made on different sheets of the 
samples of the laminates. 

III. Apparatus and Test Procedures 

1. Sampling Procedures and Statistical 
Considero tions 

Each sample consisted of only one sheet. 
Impact, flexural, and compression specimens were 
cut from the same sheet of 76-in.-thick laminate. 
Initially the sheets were cut into quarters. Im
pact and flexural specimens were cut from the four 
quarters of the sheet. A similar procedure was 
followed in cutting tensile and impact specimens 
from the }§-in.-thick samples. The compression 
specimens were cut from the same quarter of the 
sheet, from an area of less than 1 square foot. 

Since only one heet of each sample was tested, 
the standard error as given in this report measures 
only variations due to the precision of the test 
method and variation within a sheet, but does not 
include sheet-to-sheet variability. 

In section II of this report it has been mentioned 
that five of these same materials were tcsted con
currently at two other laboratories [9, 10]. Both 
of these laboratories had one ~6-in.-thick sheet of 
each of the five types of laminates. When the 
results of compressive strength tests made at 77° 
F at the three laboratories were compared, it was 
found that, except for the second sheet of 7f-in.
thick rayon-fabric phenolic laminate received at 
the National Bureau of Standards, the three 
sheets of each type of laminate had the same com
pressive strength within 15 percent. '1'herefore, 
the sheets tested at this Bureau are considered 
typical of the manufactw'er's product. 

For Izod impact tests the average ratio of 
standard error to impact strength for the 153 
values given in table 2 is 2.3 percent. This ratio 
increases with temperature, being 2.0, 2.1, 2.3, 
and 2.7 for tests at -70°, 0°, 77°, and 200° F, 
respectively. In general , this ratio was smaller for 
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impact tests made edgewise than for tests made 
flatwise. For the other tests the relative values 
of the standard errors are summarized as follows: 

Average ratio of standard error to individual mean value 

Number Modulus 
T ype of test of mean Strength of elastic-

values ity 

P ercent P ercent 
Flexure __ ____ __ 108 1.5 1.7 
Tension __ ___ ___ 40 2.0 2. 8 
Compression ___ _ 24 1.5 1.3 

2 . Preparation of Specimens 

The testing procedures outlined in Federal 
Specification L-P- 406a [14] were followed as 
closely as possible. The specimens, however, 
were not polished with fine emery paper after 
machining. The flexure specimens of glass
fabric laminate U2 were cut with a diamond 
abrasive saw. All the specimens of glass-fabric 
laminate sample AB were machined with carbide
tipped tools. Specimens of all other samples 
were machined with high-speed steel tools, which 
gave a finish considered satisfactory. The tensile 
specimens (fig. 1) were milled with a machine 
having a cam-operated milling fixture for duplicat
ing the desired contour (fig. 2). The ends of the 
compressive specimens were ground, while the 
latter were held in a fixture designed to give paral
lel, square ends. 

Specimens tested at 77° F and 50-percent relative 
humidity were conditioned at least 96 hI' prior to 
test. Specimens tested at other temperatures 
were first conditioned the same as the 77° F 
specimens and then were kept at the testing 
temperature for 24 ± 2 hI' prior to t est. 

3. Impact Tests 

The impact tests were made according to 
Method 1071 in Federal Specification L-P- 406a 
[14], using a Baldwin-Southwark pendulum-type 
Izod impact machine, which had ranges of 2, 8, 
and 16-ft-Ib. The specimens were centered and 
the notch located properly with alinement jigs. 

The tests were made at temperatures of - 70°, 
0°, 77 °, and 200° F . The relative humidity was 
controlled at 50 percent in testing at 77° F and 
was not controlled at the other temperatures. 
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The samples in the 3~-in. thickness were tested 
flatwise and edgewise for both the lengthwise and 
crosswise orientations. Since the Izod impact 
machine had a limited capacity (16 ft-lb ), the 
specimens of the glass-fabric laminate sample 
tested flatwise were made only 0.25 to 0.30 in. 
wide. Edgewise tests were made on specimens 
of the 3H n.- thick sheets of some of the samples 
for both lengthwise and crosswise orientations. 

4. Flexural Tests 

The flexural tests were made according to 
Method 1031 of F ederal Specification L-P-406a 
[14], using a 2,400-lb-capacity Baldwin-South
wark hydraulic universal testing machine that 
had ranges of 240, 1,200 , and 2,400 lb. This 
machine was located in a room in which the at · 
mosphere was controlled at 77° F and 50-percent 
relative humidity. Tests to obtain flexural strength 
and load-deflection graphs were made at - 70°, 
77°, and 200° F. 

A variable-span flexure test jig with a deflection 
indicator [15] was used in all tests (figs. 3 and 4) . 
The deflection of the specimen at the center of the 
span relative to the supports was indicated by an 
equal-arm lever actuating a gage. The gage, a 
Sou thwark-Pe ters Plastics Extensometer , was 
coupled to the recorder on the testing machine to 
obtain load-deflection records. Two models of 
the Plastics Extensometer were used with this 
apparatus: the Type PS- 6, a high-magnification 
gage with a range of 0.23 in., and the Type PS- 7, 
a low-magnification gage with a range of 1 in. 

The span of the flexure test jig is adjustable 
from l.6 to 9 in., and the screw is graduated to 
0.002 in. The combination of recording gage and 
lever is accurate to about 5 percent in the measure
ment of deflections over 0.01 in. with the PS- 6 
gage and to about 3 percent for deflections over 
0.1 in . with the PS- 7 gage. The percentage error 
diminishes as the deflection increases. Calibra
tions were made only at 77 ° F. Additional errors 
due to thermal expansion would have a maximum 
value of 0.2 percent. 

The flexural properties were determined only 
for the 0.5-in.-thick samples. Each sample was 
tested four ways, flatwise and edgewise for speci
mens cut both lengthwise and crosswise. At least 
five specimens were t ested for each sample for all 
orientations . The only deviation from Method 
1031 of F ederal Specification L-P- 406a was the 
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TABLE 2. Izod impact strengths of laminates at various temperatures· 

Impact s tren gth [or iests m adc at b_ 

Material designation Orien tation o[ 
specimen 

Di rection o[ 
load 

-700 F 

).>-IN.-THICK MATERIAL 

jLe ngt bwise ____ ._ ____ _ F latwisc ___ __ _ 

L2, Low-pressure cotton-fabric p h enolic___ _ _ ~rosst\hViS~ - --- -- ------- - E--d-- dO ~ - - - ----
JJong Wlse__ _______ __ gewlSC . _. __ 
Orosswise __ __ ______________ do ___ ___ _ 

It-lb/in.olnotch 
3.30 ± 0.04 
3.32 ± . 05 
1.87 ± _02 
1.85 ± .03 

V2, Low-pressure Grade 0 p henolic ___ __ __ __ Orosswise ___ _______________ do _._____ __ 3.79 ± . 14 jLengt hwise ____ ______ . F latwisc ______ 3.93 ± .07 

~~~:st!:~~~-_-_ ~ :::::::: _ ~~~~:~~~: :::: ::::::::::: ::::: 
jLengtbwisC__ _________ F latwise _____ _ 

W 2, Higb-pressure Grade 0 phenolic _______ ~rosst\.I\, i S~ ------------- - E-- j - dO -.-------
.L.Jcng · 1WI80__ _ _ __ __ __ _ ( gcwise. ___ _ 
Crosswise . __________ ___ ____ do . ______ _ 

jLCngtbw isC_ _ _ __ _____ _ Flatwise _____ _ 
. Crosswise ________ __________ do _______ _ 

12, G rade 0 ph enolIc ____ ___________________ . I tb ' Ed . 
Jcn g . WIS0___________ I gCWlSC ___ _ 

Orosswisc ____ _____________ _ do ___ ____ _ 

jLCngtbwisC ._ _ ____ _ ___ F latwisc _____ _ 
.. Orosswise _________________ do _______ _ 

Z2, Rayon-cotton -fabnc phenolIc ___________ T t h ' Ed . ' DOng . WIS0 _______ ____ I gcwise ___ _ 
Orosswisc __________________ do _______ _ 

jLengthw ise__ _ ___ ___ __ Flatwisc _____ _ 
. . Orossw ise ________ __________ do _______ _ 

S2, H lgh-strength-papcr phenolIc ___________ T t l . Ed . .uOllg 1WlSC___________ 4 gewlso ___ _ _ 
Orosswisc ______________ ___ _ do ___ ____ _ 

jLCngibWise__ _ _ _ _ __ __ _ Flaiwise ___ __ _ 
Orosswise ________________ .. _do _______ _ 

K2, Asbestos-fabric phenolic _______________ .. , t l . Ed . 
.1.Je n g l WlSC__ _________ 4 gCWlSC ____ _ 

Crosswise __________________ do _______ _ 

4. 15 ± .07 
3.87 ± . 08 
2. 12 ± .05 
2. 42 ± .02 

2.81 ± . 07 
2. 45 ± . 06 
1.7<1 ± .02 
1. 46 ± . 01 

17. 0 ±. 6 
IS.6 ± . 9 
9.02 ± .32 
7.70 ± .15 

4. 07 ± . 08 
4. 21 ± . Il 
0.694± . 005 
.709± . 007 

4. 13 ± .09 
1.63 ±. 06 
3. 19 ± . 08 
1. 33 ± .05 

It-lb/in.olnotch 
4. 17 ± 0. 06 
4. 12 ± .06 
2.32 ± .02 
2.39 ± .02 

5.40 ± . 19 
5.04 ±. 11 
2.51 ± . 05 
2.59 ±. 06 

5. 12 ± . 25 
4.34 ± . 15 
2.40 ± . 11 
2.46 ±. 11 

3.89 ± .10 
3.13 ± .05 
2.26±.02 
1. 91 ± . 02 

18. 4 ±.6 
19. 1 ±. 6 
7. 96 ± .10 
6.9,1 ± . 21 

'J.21 ± .09 
4. 18 ± .11 
0.726± .008 
. 741± .010 

4.26 ± . 04 
1.99 ± . 05 
3. 40 ± .06 
1. 46 ± . 02 

jLengthwisC __________ FJaiwisc ______ 46. 1 ± . 7 39.8 ±. 9 

A D2, Glass-fabric unsaiurated -l)oIyesler _ _ __ Orosswisc _ --- - -. - ---- - - -- __ do _. - -- ---- -- ------- -- -- --- ---- -- ---- ------
Length wlse_ _ _ _____ _ __ Ed gcwlse _______________ _ . ____________ _______ _ 
Cross \\' isc ___ . ____________ ._ do ___ ___________ _______________________ __ _ 

~-1N.-TilroK MATER IAL . 

VI, Low-pressure Grade C phenolic____ __ {Length wise ___________ E dgewise __ __ _ 
-- Orosswise ____ ______________ do _______ . 

1. 94 ± 0.02 
1. 86±.03 

2.46 ± 0. 02 
2.39 ± . 02 

m H ' I G dO } I' {Lengthwise _____ ______ __ ___ do _____ __ __ 1.84 ± .04 2.2l ± . 05 
,,1, . 19l-pressure ra e p ' eno !C ____ -- 0 . d I rOsswlse _____________ ----- 0 ________ 1. 67 ± .03 2. 16 ± .05 

, R f b ' h r 11Length wise. - --- ------ - ----dO------ - -- 12.9 ±.3 13.0 ±.6 
Zl , ayon-cotton- a nc p eno lC _______ -- - lO rosswise ___ ___ _________ ___ do ___ ____ _ 8.74 ± . 17 7.82 ± . 14 

I
' Le ngthwise--- -------- ___ __ do __ ____ __ O. 612± . 006 0.608± .005 

Sl , High-strengih -paper phenolic ____ - - --- [Orosswise ___ ______ __ __ _____ do ____ __ _ .622± .004 .638± .007 

AD 1, Glass-fabric unsaturated-polyester.. --I l~~~:st,~:!~~-_~::: : ::::: :: :: :~~-_-: : :::: : _ ~~:~ __ ~: 2 _____ 1~: ~ __ ~ _: ~ ___ _ 

It-lb/in . olnotch 
5.98 ± 0.08 
5. 96 ± .06 
3.22 ± _ 03 
3.09 ± . 01 

6.57 ± _14 
6.26 ± _13 
3.30 ± .08 
3.31 ± . 06 

5. 69 ± .29 
5.27 ± .37 
2. 75 ± .14 
3.22 ± . 17 

5. 06 ± . 14 
4. 03 ± .05 
2.69 ± . 03 
2.34 ± . 03 

17.6 ±.6 
17. 4 ± .7 
6. 62 ± .09 
5. 9l ± . 15 

4. 18 ± . 10 
4. 17 ±. 14 
0. 8<11 ± . 012 

. 867± . 008 

4.58 ± . 07 
2.0l ± .14 
3.84 ± . 03 
1.60 ± . 05 

31.5 ±.6 
29.4 ±. 8 
9.88 ± . 05 
9.03 ± .03 

3. 23 ±0. 06 
2.94 ± _04 

2.72 ±. 05 
2. 71 ±. 03 

11.8 ±. 2 
7. 13±. 09 

O. &IO± .008 
. 629± . 01 5 

10. 0 ± . 3 
10.9 ±. 2 

2000 F 

It-lbfin.olnotch 
6.09 ± 0. 05 
5.82 ± . 07 
3.28 ± . 02 
3. 22 ± .05 

6. 64 ± . j<[ 

6.39 ± .20 
3.35 ± . 11 
3.57 ± .06 

5.80 ± .28 
6.46 ± .60 
3. 02 ± . 14 
3.87 ± .26 

6.69 ± . 07 
.1. 25 ± . 13 
3.85 ± .04 
3. 19 ± . 04 

15.8 ± ." 
16. " ±. 6 
5.94 ± .35 
5. 00 ± .28 

4.36 ± . 24 
4.53±. 17 
0.688± .009 

. 686± . 005 

4.22 ± . 08 
1. 75 ± . U7 
3.46 ± . 03 
1. 50 ± . 04 

26.6 ±.5 

3. 15 ± 0.05 
3.11 ± . 05 

3.13 ± .09 
2.96 ± .04 

12.2 ±. 3 
6. 91 ± . 16 

0.664± .007 
. 623± . 004 

9.58 ± . 16 

• 'I'he tests were made in accordance with m ethod 1071, Federal Specifica
t ion L--P-406s_ 

• The specimens were tesied individuall y in the ~-in. th ickness; composite 
specimens were not used. 

b Mean value for 9 to 12 specimens for all mater ials except glass fabric 
laminate A D2, for wh ich 20 to 25 specimens were tested . T he accompanyi ng 
plus or miuus value is t he standard errol'. 
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Southwark universal hydraulic testing machine 
and the 2,400- and 12,000-lb ranges of a 60,000-lb 
capacity Baldwin-Southwark universal hydraulic 

use of a span-depth ratio of 8:1 instead of 16: 1 in 
order to conserve materials. However, for com
parative purposes flexure tests were made also at 
77 ° F with a span-depth ratio of 16:1. . testing machine. 

5. Tensile Tests 

Tensile tests were made according to Method 
1011 in Federal Specification L-P- 406a [14], using 
the 1,200-lb range of a 2,400-lb capacity Baldwin-

LESS THAN 0 .02 300 R 

The Model PS-6 Southwark-Peters Plastics 
Extensometer, referred to previously was used . 
This instrument is a nonaveraging type with a 
2-in. gage length, a strain magnification of 400, 
and a strain range of 10 percent. This gage sepa-

CENTER Of REDUCED SECTION 

----f-- ~--- u .. -- i' -----

I i\;2 2 .25 I 
~ 2 .30 -------j J ~ ________________ 9.00 

9 .1 0 

FIGURE 1. Tensile specimen for plastic materials less than 0.25 in. thick. 

Notes on dimensions-All dimensions are in inches. Specimens shall besymmetrical about line-conuecting centers of tab ends. W. W.=O.5052±o.OO2; 
w.- W,=less than 0.001; C=W.-O.OO4; A.-AI~less than O.OO4;B=O.750±O.002. Blanks, belore machining reduced section, shall be parallel to within 0.002. 

MILLING MACHINE 
LONGITUDINAL CARRIAGE 

GAM FOLLOWER BRACKET 

CLAMPED TO CARRIAGE 

CAM 

"0 
~(( 

It, '-\Ie;
~4D -ff4c 

MILLING MACHINE It'-\I~ 
CROSS-FEED WAYS 

FIGURE 2. J ig for milling tensile test specimen. 
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A 

o 
E 

D 

F 

G 

FIGURE 3. Cl'oss-sectional view of fl exuml test jig and 
deflection indicator. 

A, Equal~arnl lever; B, loading head; C, specimen; D , specimen support; 
E, autographic tensile strain gage; F, base o[ flexural test jIg; a, paper pbenolic 
laminate support [or flexural test j ig. This support used at high and low 
temperatures. 

CROSS HE AD 

H G H 

H D H D H 

FIGURE 4. Cross-sectional view of flexuml test jig and 
insulated test cabinet. 

A, Magnetic chuck; B, flat steel plate screwed to magnetic chuck; C, llat 
steel plate; D , paper phenolic pieces, attached by screws to both C and E ; 
E, base of fl exural test jig; F, specimen; a, paper phenolic piece in loading 
head; H . insulation o[ test cabinet. 

rates into two parts and hence was left on the 
specimen until failure. In all t ests the relative 
rate of h ead motion was kept constant at 0.05 
in./min until the specimen failed. 

Tests to obtain tensile strength and load
elongation graphs were made at - 70°, 77°, and 
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200° F. Tensile tes ts were made on nominfil 7~-in. 
thick samples. Both the lengthwise and crosswise 
directions of most of the samples were tested at 
the three temperatures. The 45°-diagonal direc
tion was tested only at room temperature. The 
tensile specimens for a given sample were all taken 
from the same sheet and those for testing at the 
three temperatures sampled appropriately from the 
four quarters of the sheet. 

6 . Compressive Tests 

The compressive tests were made according to 
M ethod No. 1021 in F ederal Specification L-P-
406a [14] on the 2,400-, 12,000-, and 60,000-lb 
ranges of a 60,000-lb capacity Baldwin-Southwark 
universal hydraulic testing machine. 

The compression tool is shown in figure 5, to
gether with the insula ted loading and supporting 
pieces used in the high- and low-temperature test
ing. The compression tool incorporates several 
features of one designed by Aitchison and Miller 
[16]. 

(1) A spherical seat at the bottom of the plunger 
compensates for specimen that have ends that 
are nonparallel. 

(2) The load is transmitted from the testing 
machine to the plunger by means of a steel push 
rod and a spherical bearing at the lower end of the 
push rod. The upper end of the push rod is a 
spherical surface concentric with the bearing, so 
that the line of application of the load remains, as 
nearly as possible, coaxial with the plunger during 
a lateral displacement of the heads of the testing 
machine relative to each other. 

(3) The seat for the cylindrical lower bearing 
block was bored concentric with the plunger bush
ings. A jig, adjustable for specimens of slightly 
differen t thickness, was used to center the speci
men on the lower bearing block to approximately 
0.01 in . This made rapid centering of the specimen 
possible in the high-temperature and low-tempera
ture tests. 

An averaging type Southwal'k-Peter com
pressometer , model PC- 4, with a gage length of 1 
in., a strain magnification of 1,000, and a strain 
range of 4 percent was u ed in obtaining stress
strain data. In tes ting, the relative rate of head 
motion was 0.01 in. /min until about 50 percent of 
the maximum load was attained . Then the strain 
gage was removed and the rate of loading increased 
to 0.03 in ./min. 
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FIGURE 5. Subpres8 for compression testing. 

(1), Rod, !1-in. diameter, 16 in. long, to bold loading bead in lower crossbead 
of universal tcsting macbine; (2), laminated paper pbenolic tubing, 6)1-in. 
outside diameter and )1-in. thickness; (3), bardened steel insert, 2·in. diameter 
snd )1 in. tbick, in loading bead; (4), compression plunger; (5), specimen; 
(6), steel, 6)1·in. outside diameter and 2~~ in. thick; (7), case-bardened steel 
cylinder, 2·in. diameter and 3 in. bigb. 
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The compression specimen was 2 in. long and 
0.50 in. wide; the thickness (0.45 to 0.60 in. ) was 
that of the material (table 1). Compression tests 
were made for both the lengthwise and crosswise 
directions of the samples at 77° F , but only the 
lengthwise directions were tested at -70° and 
200° F. For some of the samples, specimens ori
ented at 45° were tested at 77° F. The compres
sion specimens for a given sample were all taken 
from the same section of the same sheet but were 
not otherwise sampled, since all the specimens 
were taken from a piece of the sheet less than 1 ft2 
111 area. 

An additional set of specimens was tested at 
77° F to obtain the strain at failure. A South
wark-Peters deflectometer, model PD- 1, was 
used to measure the motion of the plunger in the 
compression tool relative to the base of the tool. 
The deflectometer has low magnifications of 5, 
10, and 20 with a range of 2 in. and high mag
nifications of 50, 100, and 200 with a range of 
0.2 in. 

7 . High- and Low-Temperature Testing 

In all tests at _77° and 200° F, the specimens 
were kept in a conditioning cabinet at the test 
temperature for about 20 hI' and were then placed 
in the testing cabinet 1 to 4 hr prior to testing, 
resulting in a total conditioning period of 24 111'. 

The impact tests at 0° and 77° F were made in 
rooms con trolled at these temperatures. For 
the - 70° and 200° F tests, the impact machine 
was housed in an insulated cabinet. The air in 
the cabinet was circulated by a fan except during 
the impact tests. Dry ice was used to cool the 
air; heating was done with electric heaters. In 
testing conducted in the insulated cabinet the 
operator kept his hands, which were protected 
with woolen gloves, inside the cabinet for periods 
of about 15 min at a time. This was sufficient 
for testing about 5 to 10 specimens. 

For the low- and high-temperature flexural 
tests, the specimen, the flexural jig, and the de
flection indicator were enclosed in a temperature
controlled cabinet equipped with a blower. The 
arrangement of the flexural apparatus for the 
low- and high-temperature tests is shown in 
figure 4. 

For the low- and high-temperature tensile 
tests, the specimen, the grips, and the strain gage 
were enclosed in an insulated temperature-con-
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FlGU lm 6. Front view of tensile test en closure in plctce in testing machine. 

FIGU llE 7. Interior view of compression test enclosure with 
specimen in place in compression tool and compressometer 
attached to speci men. 
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trolled cabinet (fig. 6). A triple-paned 12- by 
12-in. window in the front , armholes, and in tel'ior 
light enabled convenien t handling of the peci
mens and equipment. Dry ice was used to cool 
the air; heating was donr with electric heaters. 

The arrangement for compression testing at 
low and high temperatures was similar to that 
for tensile testing. The specimen, compressom
eter, and compression tool were enclosed in an 
insulated temperature-controlled cabinet that was 
heated and cooled in the same way as the tensile 
test cabinet. Figure 7 shows the compression 
tool in the cabinet with the specimen and strain 
gage in position for testing. The method of sup
porting and loading the compression tool is 
indicated in figure 5. The steel supporting and 
loading blocks are insulated from the platen and 
cross-head, respectively, by tubular phenolic 
laminate pieces. The two holes shown in the 
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rear of the box in figure 7 were used to circulate 
either hot or cold air from the conditioning unit 
shown in figure 6. 

Little difficulty was encountered in the high
temperature testing with this equipment. At 
low temperature several problems were encoun
tered, such as lubricants freezing, frost on the 
electrical contacts of the gage, and rusting of the 
gage and loading parts. The testing was carried 
out with no lubricant on the bearings of the 
pendulum impact machine, or on the flexural jig, 
or on the compression tool bushings. The bear
ings of the pendulum were oiled with heptane 
prior to warming up to room temperature. Frost 
on the electrical contacts of the strain gage was 
washed off with ethanol. Rusting of the strain 
gage, flexural jig, tensile grips, and compression 
tool plunger was avoided by immersing them in 
alcohol until they attained room temperature. 
Theywere then disassembled and dried thoroughly. 

IV. Results of Tests and Discussions 

1. Impact Strength 

The data for Izod impact strength of the various 
samples at temperatures of - 70°, 0°, 77°, and 
200° F are presented in table 2 and figures 8 to 10. 
The variation in impact strength with temperature 
is shown in figures 8 and 9 for lengthwise specimens 
of the 0.5-in.-thick samples tested flatwise. 

The Izod impact strengths at 77° F for samples 
of the laminates tested flatwise are approximately 
as follows: 

Izod 
Type of laminate impact 

strength 

ft-lb/in. of 
notch 

Grade C phenolic, high-pressure and 4 to 7 
low-pressure (L, V, W, I ). 

Rayon-cotton-fabric phenolic (Z) _______ 17 
High-strength-paper phenolic (8) ____ ___ 4 
Asbestos-fabric phenolic (K) ________ ___ 2 to 4~ 
Glass-fabric unsaturated-polyester (AB)_ 30 

All the cotton-fabric samples exhibited a steady 
decrease in impact strength as the temperature 
was reduced from 77° to -70 0 F (fig . 9). For 
samples 12, L2, and V2, the impact strength at 
-70° F was between 55 and 65 percent of the 
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77 ° F value for all orientations of specimen and 
directions of load employed. The corresponding 
range for W2, a high-pressure grade C laminate 
sample, was 73 to 77 percent. Little change in 
impact strength at 200° F compared to 77° F 
was observed for the cotton-fabric laminates with 
the exception of the 12 sample. The latter showed 
a steady increase in impact strength with tem
perature up to 2000 F. These results are in good 
agreement with values reported for Grade C 
laminates by Shinn [8], who found that in fiatwise 
tests impact strengths at - 67° and 158° F were 
66 and 113 percent, respectively, of the value at 
77° F. 

The paper, S2, and asbestos, K2, laminate 
samples showed less than 25-percent variation in 
impact strength over the range of temperature 
and orientations of specimen and loading investi-
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gated (table 2). The variation in impact sJtrength 
was less than 10 percent for the 0.5-in.-thick paper 
laminate sample tested fiatwise. 

The temperature-impact strength trend for the 
high-strength-paper laminate sample agrees quite 
well with Shinn's data [8] for fiatwisc tests where 
a very slight increase in strength with temperature 
was found for the range -67° to 158° F . M eyer 
and Erickson [4J reported that the impact strengths 
for "Papreg" at the extremes of temperature were 
slightly less than the normal temperature values, 
a trend found in this laboratory only for the 0.5-in. 
sheet tested edgewise. In their impact tests at 
158° and 200° F , M eyer and Erickson stated that 
the specimen was II tested at room temperature 
within 15 to 30 sec after removal from the condi
tioning medium" ; this test condition is believed to 
introduce some uncertainty into the results. 

The rayon, Z, and glass-fabric, AB, laminate 
samples had much higher impact strengths than 
the other samples and also show different impact 
str ength vel' u temperature trends (fig. 8) . When 
tested edgewise, the rayon laminate sample in 
both the ~~- and ~f-in. thicknesses showed a slight 
but steady decrease in impact strength as the 
temperatme wa varied from - 70 0 to 200° F 
(fig. 10). The glass-fabric laminate sample, AB2, 
showed a constant trend toward higher impact 
strength at low temperatures . This agrees with 
data on glass ·fabric laminates given by both Field 
[1] and Fuller [7]. The values for the impact 
strength of the glass-fabric laminate sample in 
this paper agree very well with the 77° F data for 
the same combination of cloth and resin tested by 
C. D. Jones [17]. 

The increase in the impact strength of the glass
fabric laminate sample at low temperature is 
anomalous; it may be related to the interlaminar 
shear failure that occurs in impact t esting of the 
glass fabric . Thus, if the shear strength increases 
at low temperature in proportion to the increase in 
tensile and compressive strengths at low tempera
ture, the impact strength as measured by the Izod 
method should likewise increase. 

The approximate values for the percentage 
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changes in Izod impact strength at - 70° and 200 0 

F based on 77° F values are as follows: 

Change in Izod impact 

T ype of laminate 
strength 

- 70° F ·200° F 

Grade C phenolic, low- P ercent P ercent 
pressure (L, V) ______ - 40 o to + 5 

Grade C phenolic, high-
pressure (W, 1) ______ - 25 to -40 + 10 to + 35 

Rayon-fabric phenolic (Z) _________________ o to + 35 o to - 10 
High - stren§th - paper 

phenolic ( ) _________ o to - 20 + 5 to - 20 
Asbestos-fabric phenolic (K) __ _____ _________ - 15 - 10 
Glass - fabric unsatu-

rated-polyester (A B) _ + 45 - 5to - 15 

In the tests at 200° F the specimens may h ave 
lost some moisture as compared to those tested 
at the low('r temperatures and may have under
gone further cure as a r esult of the heating. To 
obtain information relative to these effects, Izod 
impact specimens were tested at 77° F after being 
heated at 200° F for 24 hI' and cooled to room 
temperature for 1 to 2 hI' over calcium chloride in 
a desiccator. The rt'sults of these tests are shown 
in table 3. The low-pressure cotton-fabric phenolic 
samples, L2 and V2 , were about 10 percent 
weaker and the glass-fabric laminate, sample 
AB2, about 10 percent stronger after tht' 200° F 
heating. A decrease of 10 percent in impact 
strength was noted for the rayon laminate, Z2. 
No definite effect of the heating on the strength 
of the other samples was noted. 

TABLE 3. Effect of heating at 200° F for 24 hr on hod impact strengths of Yz -in.-thick laminates ' 

M aterial design ation Orienta tion of 
specimen 

Direction of 
load 

Impact strength b 

Xo heating 0 
H eated at 
200° F d 

Jt-lo/in. OJ notch ft-lo /in. Of notel. 
L J {Lengthwise ___________ Edgewise_ ________ 3.22 ±0.03 2.88 ±0.04 

2, ,ow-pressnre cotton-fabric phenolic_ ---------- -- ------------------ Crosswise __________________ do ___ __ ________ 3. 09 ± .01 2.85 ± .02 

V2 L G d C I I· {Lengthwise ___________ l' latwise ___ ____ __ _ 
, ow-pr~ssurc ra e p lona 10 ____________________________________ C . d rOsSwlse _________________ . 0. ___________ _ 

6.57 ± .14 5.95±.21 
6.26 ± .13 5.55±. 10 

'Y2, High-pressure Grade C phenolic___________________________________ Crosswise_____________ Flatwise _________ _ 5.2i ± .37 4.93 ± . 12 

12, Grade C phenolic____________ ______________________________________ {~~::st\~:~~~-_~_::: ::::: _~l~t~~~~ ___ ~: ::::::: 5.06 ± .14 5. 13±.13 
4.03 ± .05 4.21 ± .07 

Z2 R tt f h · h I ' {Lengthwise_ - - -------- Flatwise_ - - -------
J ayon-co on- a l'lC p eno le. ______________________________________ C . d 

r OSSWlse. _____ .. __________ 0 ____ __ ______ _ 
17.6 ± .6 16.0 ± .4 
17. 4 ± .7 15.8 ±1. 0 

S2 H ' h t th h I' {Lengthwise ___________ Flatwise _________ _ , 19 -s reng -paper p eno 10 _______________________________________ C . d rOSSWIse _________________ . 0 __ __ ________ _ 
4.18 ± . 10 4.02 ±0. 18 
4. Ii ± .14 4.29 ± .20 

K2 A b t f b · h I ' {Lengthwise ____________ Edgewise _________ _ , s es os- a nc p eno Ie. ______ ____ _________________________________ C . d 
rOsswlse __________________ 0 ____________ _ 

3.84 ± .03 3.86 ± .06 
1.60 ± .05 1.48 ± .03 

AB2, Glass-fabric unsaturated-polyeste!'.__ ____________ ___ ___ __ _______ _ _ Lengthwise _ _ _ __ ______ Flatwise ________ _ 31.5 ± .6 35.5 ± _ 8 

• The tests were m ade in accordance with method 1071, Federal Specification L-P-406a. 
b Mean value for 9 to 12 specimens for all materials except glass-fabric laminate AB2, for wh ich 20 to 25 specimens were tested. The accompan ying pIns or 

minus value is the st andard error. 
e Specimens conditioned and tested at 77° F and 50 % relat ive humidity_ D ata from tahle 2. 
d Specimens tested at 77° F after being allowed to cool to room temperatnre for 1 to 2 hI' in a desiccator containing calci um chloride. 
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2. Flexural Properties 

The flexural properties of some of the laminates 
tested flatwise at 77° F were approximately as 
follows: 

Initial 

Type of laminate F lex ural flexural 
strength modulus of 

elasticity 

10 3 Ib/in.2 10 6 Ib/in.2 

Grade C phenolic, low-
pressure (L, V) __ ______ 16 0. 80 

Grade C phenolic, high-
pressure (W, I ) ________ 18 to 22 1.0 to 1.1 

Rayon-cotton-fabric phe-
nolic (Z) _____ __ ___ ____ 34 1.6 

High-strength-paper phe-
nolic (8) ______________ 33 2.4 

Asbestos-fabric phenolic {" 16 (L) • 1.2 (L) (K) ______ __________ __ 9 (C) 1.0 (C) 
Glass-fabric u nsaturatecl- { 55 (L) 2.5 to 2.9 

polyester (U, AB) ______ 45 (C) ----- -----

~ • L= lengthw ise; C=crosswis~. 
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FIGURE 11. Variation of flexural strength with temperature 
for l/2-in.-thick laminates. 

Lengthwise specimens tested flatwise. Span-depth ratio 8:1. I, Orade C 
phenolic; J(, asbestos-fabric pbenolic; L . low-pressure cotton-fabric phenolic; 
S, high·strength·paper phenolic; V. glass-fabric unsaturated-polyester; V. 
low-pressure Orade C phenolic; W. high-pressure Orade C phcuolic; Z, 
rayon-cot ton-fabric phenolic; AB. glass·fabric unsaturated-polyester. 
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(0) Temperature Dependence 

The variation of the flexural properties of the 
samples with temperature is shown graphically 
in figure 11 to 21. 
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F IGURE 13. Flexural stress-deflection curves f or l/2-in.
thick laminates at 77° F. 

Lengthwise specimens tested flatwise. Span-depth ratio 8:1. I . Grade 
C phenolic; J(, asbestos-fabric phenolic; L. low-pressure cottou-fabric phe· 
nolic; S, high-strength-I)aper phenolic; D. glass-fabric unsaturated-polyester; 
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rayon-cotton-fabric phenolic; AB, glasS-fabric unsaturated-polyester. 
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FIGURE 15. Flexural stress-deflection curves jor high-pl'es
sure Grade C cotton-fabric phenolic laminate, W2. 

Lenl:thwise specimens tested Ilat ... ise. Span-depth ration 8:1. Initial 
modulus of elasticity: -70° F, 1,310,000 lbjin.'; 77° F, 960,000 lbjln.'; 200° F, 
800,000 lbjin.' 

The four samples of cotton-fabric phenolic 
laminates, 12, L2, V2, and W2, exhibited quite 
similar properties. The flexural strength of these 
cotton-fabric laminates increased about 10 to 30 
percent at - 70° F and decreased very nearly 30 
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FIGURE 16. Flexural stress-deflection curves for rayon- I 
cotton-fabric phenolic laminate, Z2. 

Lengthwise specimens tested fiatwise at three temperatures. Span-depth 
ration 8:1. 

Tempera- Initial flexural F lexural 'rotal dellec-modulu. of ture elasticity strenl:th tion 

------
OF lbjin.' lbjin.' in. 

- 70 2,340, 000 43, 700 0.16 
77 1,580,000 34, 400 . 25 

200 1, 160, 000 25, 800 . 23 

percent at 200° F, compared to the 77° F values 
(fig. 11 ). Corresponding changes for the initial 
modulus of elasticity (fig. 12) were increases of 
40 to 80 percent at -700 F and moderate de
creases up to about 25 percent at 200 0 F. The 
variations of secant modulus values with tempera
ture were greater than for the initial modulus 
of elasticity . 

These results are in fair agreement with data 
for grade C phenolic laminate given by Oberg, 
Schwartz, and Shinn [2] . They observed in
creases in flexural strength and flexural modulus 
of elasticity of about 17 percent at -380 F com
pared to values at 78° F and 40-percent relative 
humidity. Witt, Wolfe, and Rust [6] reported a 
20-percent increase in flexural strength and 35-
percent increase in modulus of elasticity at -700 F 
for eleven Grade C materials based on values at 
77 0 F and 50-percent relative humidity, 
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FIGURE 17. Flexural stress-deflection curves for high-strength
paper phenolic laminate, 82. 

Lengthwise specimens tested fiatwise. Span-depth ration 8:1. Initial 
modulu~ of elasticity: -70° F, 2,800,000 Ib/in.2; 77° F, 2,420.000 lb/in.'; 200' F, 
1,950,000 Ib/in.2 

The flexural strength and initial flexural modu
lus of elasticity of the paper phenolic laminate, 
S2, varied with temperature in a manner similar 
to the values for the cotton-fabric laminates, 
except that the initial modulus of elasticity in
creased only 20 percent between 77 ° and - 70° F. 
Meyer and Erickson [4] reported that the flexural 
strength and flexural modulus of elasticity for 
high-strength-paper phenolic laminate decreased 
at elevated temperatures and increased at sub
normal temperatures. The magnitudes of the 
changes that they recorded agree fairly well with 
the data given in this report. In tests at the 
Naval Air Experimental Station [5] on a phenolic 
material laminated with ' a spruce sulfite paper, 
probably of the high-strength type, it was noted 
that the flexural strength and flexural modulus of 
elasticity at 160° F were about a third less than 
at 77° F. 

The variation of the flexural properties of the 
Grade AA asbestos-fabric-laminate, K2, with tem
perature was less than that of the cotton-fabric 
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FIGURE 20. Com parison of specific jlexl,ral strength of 
7~-in. -thick laminates at three temperatures. 

Lengthwise specimens tested fJatwise. Span-depth ratio 8:1. I , Grade C 
phenolic; K, asbestos-fabric phen olic; L, low-pressure cotton·fabric phenolic; 
S, b igh-strength-paper phenolic; U, glass-fabric nnsaturated-polyester; V, low
pressure Grade C phenolic; lV, high-pressmc Gradc C phenolic; Z, rayon
cotton-fabric phenolic; AB, glass-fabric ullsaturated-polyester. 

laminates and the trend is different. Most of the 
change in fl exural properties of the asbestos-fabric 
laminate occurred between 77 0 and - 70 0 F; the 

Type of laminate 

Grade C phenolic (L, V, W, 1) _____________________ 
Rayon-cotton-fabric phenolic (Z) ___ _______________ 
High-strength-paper phenolic (8) __________________ 
Asbestos-fabric phenolic (K) ___ __ __ _____ __________ 
Glass-fabri c unsat urated-polyester (U, AB) __________ 

(b) Effects of Other Environmental Conditions 

Flexural tests were also made at 77° F on speci
mens heated at 200° F for 24 hr to determine 
whether changes in the strength properties oc
curred in the 200° F tests. Such changes may be 
brought about by (a) additional cure of the resin, 
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flexural str ength and initial modulus of elasticity 
increased roughly 20 and 35 percent of the 77° F 
values, respectively, at - 70° F_ The average ~ 
change in flexural properties at 200 0 F was not 
over 5 percent. The stress-deflection curves for 
this material (fig. 18) indicate the similarity be
tween the properties at 77 0 and 200 0 F. 

The two glass-fabric laminates, U2 and AB2, 
showed the same trend in change of fl exural 
strength and modulus of elasticity with tempera
ture (figs. 11 , 12, 19). The flexural strength in
creased about one-third at - 70 0 F and decreased 
about one-third at 200 0 F . The flexural strengths 
of the two materials did not differ significantly. 
The AB2 sample was superior to the U2 sample in 
flexural modulus of elasticity, having greater 
values at all temperatures and for all directions 
of testing. The percentage decrease in modulus 
of elastici ty at 200 0 F was less for the AB2 
than for the U2 sample. 

For both glass-fabric laminates the stress-de- < 
flection diagrams were less curved than for any 
other samples tested. In the lengthwise and 
crosswise directions the secant modulus of elas
ticity for the range 0 to 25 ,000 Ib/in.2 showed a de
crease of less than 10 percent from the initial 
modulus of elasticity at all the temperatures. 

The approximate values for the percentage 
changes in flexural strength and flexural modulus 
of elasticity at - 70 0 and 200 0 F , based on 77 ° F 
values, for the lengthwise and crosswise directions 
of the laminates investigated may be summarized 
as follows: 

Change in flexural strength Chan ge in initial flexural 
modulus of elasticity 

- 70 0 F 2000 F - 700 F I 200 0 F 

P ercent Percent P ercent P ercent 
10 to 30 -30 40 to 80 -8 to - 25 

30 - 25 40 -30 I 

25 -40 20 - 18 
20 - 5 35 0 
30 - 30 to - 35 10 to 15 - 15 to - 25 

(b) loss of moisture, (c) deterioration of the filler 
if organic, or (d) a combination of these factors. 
The resul ts of these tes ts and of tes ts on unheated 
specimens are shown in table 4. The flexural 
strength values showed an average decrease of 
about 8 to 13 percent for the cotton-fabric and 
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TABLE 4. E.O·ect of heating at 200 0 F for 24 hr on flexural properties of ~~ ·in . ·thick laminates ' 

Flexural modulus of elast icity 
Flexural s trength 

Material designation Orientation of Direction of Initi al Secant 
specimen load 

No H eated a t No Heated at No n eated a t 
heating b 2000 F • b eatin g b 2000 F c heating b 2000 F. 

-----------
1()3 1b/in.' 103 1b/in.' 10' lb/in. ' 1U' lb/in.' 10' lb/in.' H)' lb/in.' 

- - -------
o to 10,000 LB/IN .' 

L2, Low' pressure cotton·fabric phenolic. _._ rro~::~~ : : : : :: : 
Flatwise ___ _ IS. 1± 0. 2 15.4± 0. 1 O. SO± O.OI 0. 86± 0. 01 O. 67±0. 01 O. 72± 0. 01 
Edgewise ___ 17.5± . 4 15.7± . 1 . 76± . 02 . 8S± . 01 .64± .01 .72± . 01 

jLengthwise _____ Flatwise ___ _ 16.7±.3 14.7± . 2 . S2± . 01 .79± . 01 .5S± . 01 .56± . 01 
V2, Low-pressure Grade C phenolic _. ___ __ Crosswise . ____ __ ___ __ do _____ __ 16.3± . 2 14.6± .2 . 81± . 02 . 77± .01 .59± . 02 . 59± . 01 

Lengthwise._. __ Edgewise ____ 16. 3± .1 14.7± . 1 . 79± .01 . 74 ± .01 .58± .01 .56± . 01 
Crosswisc ____ ___ _____ do •. . _. __ 16.5± . 2 14.5± . 5 . 79± .01 . 74± .02 .60± . 01 . 59± . 01 

{LengthWise . .. _. Flatwise ... _ 18.3± . 4 16. 9± . 4 . 96± . 02 .89± .02 .76±. 02 .76± .03 

W2, High·pressure Grade C p henolic ____ .. 
Crosswise _____ __ _____ do_ .. . _. _ 18.4± . 2 17. 2± . 2 . 99± . 02 .91± . 03 . 79±. 02 .79± . 03 
Lengtbwise ... _. Ed gewise._ .. 17. 9± .1 16. 5± .2 1.00± . 03 . 91± . 01 .7S± .02 . 78± .02 
Crosswise . ___ ___ .. .. . do ....... IS. 0± . 1 16. 3± . 2 1. 03± . 02 .94± .02 1± . 02 1± . 02 

12, Grade C phenolic_. __ .. ..... __ ._ ... _._ . l c rosswis? .----. Flntwisc . _._ 2O.7± .3 IS. S± . 2 1. 07± .07 1. 07± . 02 1.02± . 04 . 99± . 02 
Length wIse _ . • _. Ed gewise .. __ 21.2± . 2 19.7± .3 1. 14± .03 1.11± . 03 1.09± . 02 1.04± . 01 

--
o to 15,000 LB/I N. ' 

Z2, Rayon·cotton-fabric p henolic_ .... . .. _. {Lengthwise _. -'- Flatwise .. _. 34. 4± . 5 31.0± . 4 1.58± . 02 1. 7l ± . 01 1. 42± 0. 03 1. 56± 0. 004 
Crosswise _ . . _.' _ __ . __ do_ . . ___ . 32. 7± .5 30. 8± .7 1.40± . 01 1. 39± .02 1. 25± . 02 1. 24± . 02 

S2, High·strength·paper phcnolic ___ . __ ____ {Lengthwise ... __ Flatwise .... 33. 2± . 4 27. 2± .6 2. 42± . 02 2.43± .02 2.28± . 01 2.23± .01 
Crosswise _______ Edgewise. _ .. 33. 6± . 4 30.4± . 1 2. 71 ±. 06 2.88± .05 2. 60± . 06 2.64± . 02 

o to 7,500 LB/I N.2 

K 2, Asbestos·fabrie phenolie __ . _ ... •• ... __ _ e~~~~~:~~::::::: F I. twise .... . 9± .2 9. 6± . 1 0.99± .01 1.11± .01 O. 92±0. 01 1 1. 04±0. 02 
Edgewise. ___ 9. 4± . 1 9.9± .2 .97± . 02 1. 07± . 01 . 9O± . 02 0.99± . 02 

o to 20,000 LB/IN .2 

U2, G1ass·fabrie unsaturated.polyester. __ .. e~~::~~::: ::: : Flat wise . . _. 45. 1± . 7 53. 0± .3 2. 45± . 01 2.55± . 01 2. 35±0. 02 2. 48±0. 01 
E dgewise .. __ 4S.6± .5 51. 3± .5 2. 43± . 02 2.52± .03 2.37± . 03 2. 46± .03 

AB2, G1ass·fabric unsaturated·polyester _ .. Lengthwise ._ ... Flatwise. _ .. 53. 2± .1 57.8± .7 2.88± . 01 2.91± . 04 2.80± .02 2.80± .02 

a Tests were m ade in accordance with m ethod 1031, Federal Specification L-P-406a, using an S:1 span·d epth ratio. Each value ill t ho table represents the 
m ean for fi ve specimens. The accompany in g plus or minus value is the standard error. 

b Specimens conditioned and tested at 77' F and 50% relative humidit y . 
• Specimens tes ted at 770 F after being allowed to cool to room temperature for 1 to 2 hr in a desiccator containing calcium chloride. 

paper laminates. The changes in the flexural 
moduli of elasticity were small and not consistent 
except for the low-pressure sample, L2, which ex
hibited increases of 10 percent after heating. The 
glass-fabric laminate, U2, exhibited average in
creases of 11 and 4 percent, respectively, in flex
ural strength and moduli of elasticity on heating. 
The asbestos-fabric laminate, K2, also exhibitcd 
higher flexural properties after heating, the in
creases in flexural strength and moduli of elasticity 
being about 7 and 12 percent, respectively. 

It seems reasonable that the strength and 

Properties of Laminated Plastics 

modulus of elasti city values of these organic plas
tics should diminish with incrcase in temperature 
if no change in composition or structure takes 
place. If heating a laminate at 2000 F for 24 hr 
causes an increase in the strength properties due 
to a change in composition or structure, then in 
the fl exural t ests at 200 0 F (table 4) the effects of 
prolonged heating and of an elevated test tempera
ture may oppose one anothcr. This may explain 
the very small differcnces between the flexural 
properties at 77 0 and 2000 F (fig . 18) for the as
bestos-fabric laminate, which had increased flex-
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ural properties at 77° F after heating (table 4). 
The effect of prolonged heating on the flexural 
strength of laminates was investigated by Haus
'mann, Parkinson, and Mains [18]. They found 
that the flexural strength of Grades 0, X, and 
XXX phenolic laminates at 190° F increased 
with the length of time the specimens were at the 
test temperature (see table 1, [18]). For the 
Grade XXX laminate, the flexural strength values 
at 194° F after a month of heating were nearly 
equal to the 77° F values on unheated specimens. 

Flexural strength tests were made on six samples 
at 150° F and 90-percent relative humidity after 
24 hr of conditioning at the test temperature, 
combining the effects of elevated temperature 
and high relative humidity. The results of these 
tests are given in table 5, together with corres
ponding data for the 77° and 200° F tests. 

The deleterious effect of these extreme condi
tions was most pronounced for the paper laminate, 
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FIGU RE 21. Comparison of specific flexural modulus of 
elasticity of Yz -in.-thick laminates at three temperatures . 

Len gthwise specimens tested fi a twise. Span-depth ratio 8:1. I, Grade C 
phen olic; K, asbestos·fabric phenolic; L , low·pressure cotton·fabric phenolic; 
S, high·strength-paper phenolic; L, glass-fabric unsaturated-polyester; V,low
pressure Grade C phenOlic; W , high·pressure Grade C phenolic; Z, rayon
cotton-fabric phenolic; AB, glass-fabric unsaturated-polyester. 
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TABLE 5. Flexural strength of Yz -in.-thick laminates at 
various temperatures and relative humidities· 

Flexural strength at-

M aterial designation 77° F, 150' F, 200° F, < 
50-percent 9O·percent 6-percent 

relative relative relative 
humidity b humidity · humidity d 

V2, Low-pressure Grade C 
lO' lb/in.' 10' lb/in .' t o' /b/in.' 

phenolic ___________ __________ 16.7 ± O. 3 7. 0 ± O. I 11.4 ± O. 2 
W2, High·pressure Grade C 

phenolic ___ __ _____ __ ____ ___ __ 18. 3± .4 15. 4 ± .3 13. 3 ± . 2 
12, Grade C phenolic ______ ____ 22. 2 ± .3 19.8 ± . 2 14.5 ± . 1 
Z2, R ay on· cot ton-f a bri c 

phenolic _______ _________ _____ 34. 4 ± .5 26. 0 ± .3 25.8 ± . 5 
S2, Hi gh-s t r e ng t h -p a p e r 

phenolic __ _____ ____ ________ __ 33. 2 ± .4 13. 2 ± .6 19. 4 ± . 2 
AB2, Glass-fabric unsaturated-

polyester ____ __ ________ _____ . 53.2±. 1 34. 7 ± .4 ~3.8 ± .8 

• Len~thwise specimens tes ted fi atwise. T ests were made In accordance 
with method 1031, Federal 3pecification L-P-406a, using an 8:1 ipan-depth 
ratio. Each value in the table represents the mean for 5 specimens. The 
accompanying plus or minus value Is t he standard error. 

b Specimens conditioned and tested at 77° F and 50% relative humidity. 
• Specimens tested at 150° F and 90% relative humidity after 24 hr at tbe 

test conditions. 
d Specimens t ested at 200° F and less than 6% relative humidit y after 

24 hr at the test conditions. 

s!\'mple S2, and the low-pressure Grade 0 lam
inate, V2 . The other four samples were not so 
greatly affected by these conditions as they were 
by 24 hI' at 200 0 F and a low relative humidity. 
The effect of moisture content on the strength 
properties of high-strength-paper laminate was 
studied by Erickson and Mackin [19]. They 
tested specimens from a series of panels condi
tioned 100 days at 80° F at various relative 
humidities. They found decreases in ultimate 
strength in tension, compression, and flexure of 
25 percent or more and decreases of about 35 per
cent in modulus of elasticity as the relative 
humidity was varied from 30 to 97 percent, corre
sponding to moisture contents ranging from 0.2 
to 9.5 percent. 

The above results and the results obtained in 
this laboratory indicate the necessity for studying 
the effect of relative humidity as well as tempera
ture on the strength properties of laminates, 
especially those with cellulosic fillers. 

ee) Strength-Density Considerations 

When the density is considered in evaluating 
the flexural properties of these samples, the cellu
lose laminates, with lower densities than the 
mineral laminates, compare more favorably with 
the latter materials and are superior in some 
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TABLE 6. Effect of span-depth rat'io on flexural properties of %-ilL-thick laminates a 

Material designation 

L2, Low·pressure cotton·fabric phenolic .. 

V2, Low·pressure Grade 0 phenolic . ..... 

W2, High·p ressure Grade 0 phenolic . . __ 

12, G rade C phenolic .. . . . _ . .... .. ........ 

Z2, R ayon·cotton·fabric pbenolic ....•. . . . 

S2, Higb·st rength·papcr phenolic .. ..... . 

K2, Asbestos·fab ri c phenolic ........... . . . 

U2, Glass·fabr ic unsaturated·polyester . . . . 

AB2, Glass·fabri c unsaturated·polyes ter. . 

Orientation of 
specimen 

r~'"w"'~~ ~ ~ Crosswise _______ 
Length wise ... . . 
Crosswise _______ 

1 "",,"w;' Crosswise _____ __ 
Length wise ..... 
Crosswise ______ _ 

r"''"w'. ~ ~ ~~ ~ C rosswise _______ 
Lengtb wise •.•.. 
Crosswise __ _____ 

r""~'· C IOSSWlSC ___ __ __ 

Lengthwise .• . . . 
Crosswise. ______ 

r"''"w'~'' ~~ Crosswise. ____ __ 
Lengthwise .•.. . 
Crosswise. ___ ___ 

r"""~'"' ~ Crosswlse . ______ 
Lengthwise ..... 
Crosswise. __ ____ 

lU"""~'OO Crosswise . __ ___ _ 
Length\vise .. ___ 
C rosswise. ____ __ 

r·""w'.~~ C rosswise . .. .. . . 
Lengtbwise ... . . 
Crosswise . ___ ___ 

r"""~"~ ~ ~~ ~ Crosswise . ______ 
Lengthw ise. ___ 
Crosswise _______ 

Direction of 
load 

F latwise . . .. 
... . . do ... . . .. 
Edgew ise .•. 

.... . do .•.•... 

Flatwise . . .. 
.. ... do ... . ... 
Edgewise. __ 

..• _.d0 .. _ ...• 

F latwise .... 
... _. do ...... . 
Edgewise. __ 

..... do . . . .• .. 

Flatwise ... . 
.. .. . do . . . . . .. 
Edgewise . . . 

..... do ...... . 

Flatwise .. . . 
.. ... do ...... . 
Edgewise . __ 

.. ... do ••..•. . 

F latwise .... 
.... . do .. ... .. 
Edgewise ... 

... . . do ...... . 

F latwise . .. . 
.... . do .... . .. 
Edgewise . . . 

..... do .... . . . 

F lalwise ... . 
.. ... do ...... . 
Edgewise . . . 

. .. . . do ...... . 

Flatwise .... 
. .. .. d o ...... . 
Edgewise . __ 

... . . do ....... 

F lexural strength at 
span-<!epth ratio ; 

8;1 ]6; 1 

!03/b/in.' 103lb/in.' 

18. 4± 0. 2 -- - - - -- - - - . 

18. 1± .2 ---- --- ---- -
17.5± .2 ---------- --
17. 5± . 4 16. 5± 0. 2 

16.7± .3 15.3± . 1 
16.3± .2 15.0± .2 
16.3± . 1 15. 2± . 2 
16.5± .2 14.8± . 1 

18. 3± .4 17.1± .2 
18. 4± . 2 17. 4± . 1 
17.9± . 1 17. 1± . 1 
18.0± . 1 16.6± . 1 

22. 2± .3 20.9± . 1 
2lJ.7± .3 19.7± .3 
21.2± .2 19.8± . 2 
21.4± . 4 19.5± . 1 

34.4± .5 35.0± . 4 
32.7± .5 30. 4± .3 
33. 4± .5 31. 9± .3 
31. 7±.2 29. 1± .4 

33.2± .4 32. 4± .2 
34.2± .6 32.4± .5 
33.5± .5 32. 6± . 4 
33. 6± . 4 31. 8± . 5 

16.3± .6 - - --- - -- ----
8.9± .2 - - ---- .--- . -

16.4± .2 - -- --- - - ----
9. 4± .1 9. 0± . 1 

56.9± . 1 55. 7± .7 
45. 1± .7 44.5± . 4 
54.8± .9 54. 2± .5 
48. 6± .5 45. 1± .4 

53.2± . J 52. 1± . 5 
46. 0± . 7 - --- ----- - - -
60.8± .5 57.9± .8 
5-15±.7 ------ - - - ---

Flexura l modulus of elas t icity 

Ini t ial mod tllu s of e las· 
ticity at span·depth 
raLio: 

8; [ 16;1 

1061b/in .' 1061b/in.' 

O. 80±0. 01 ---------- -

.80± . 01 - - ----------

.78± .01 - - --- - - -----

.76± .02 O.87± O.01 

.82± . 01 . 8'1± . 01 

.81± . 02 .82± . 01 

.79± . O[ .84 ± .02 

.79± . 01 .80± . 01 

.96± . 02 1.03± .03 

. 99± . 02 1. 02± . 05 
1. OO ± . 03 1.01± .02 
1.03± . 02 1.00± .04 

1. 08± . 02 1.24±. 02 
1.07± .07 1.22± . 03 
1.14± .03 1.30± . 08 
1.11± .08 1. 31± .04 

1. 58± . 02 1. 76± . 03 
1.40± . 01 1.42± .02 
1. 57± .03 1.00± . 02 
1.50± .01 J.48± . 04 

2.42± . 02 2.M± .02 
2.30± .02 2.52± . 03 
2.65± . 03 2.57± . 04 
2. 71 ± . 06 2.M± .03 

1.2lJ± . 02 - -- ------- . -

. 99± . 01 -- . --- - -----
1.15± . 02 - ------- - - - -
. 97± . 02 1. 06± . 02 

2.59± . 02 2.82± .05 
2. 45± . OJ 2 56± . 02 
2.70± . 03 2. 80± . 02 
2.43 ± .03 2.57± . 02 

2.88± . 01 3. 14± . 02 
2.84± .03 - --- --- - -- - -
2.89± . 02 3. 18± . 04 
2. 82± . 02 .. _---_ . . . . .. 

Secan t mod ulus of elas· 
t icity at Sl)an·dep th 
ratio; 

8:1 16;1 

1061b/in.' 10' Ib/in.2 

o 1'0 10,000 LB/I l , 

O. 67±0. 01 -- . ----------

.67± .01 -------------

. 65± .01 -- - -- - - -- - ---

.64± .01 O. 64± 0. 01 

.58± .01 .56±. 01 

.59± . 02 .54± . 02 

.58± . 01 .58± .01 

.60± .01 .54± .01 

.76± .02 . 78± .0<1 

.79± .02 . 76± .06 

. 78± .02 .76± . 0,1 

. 81± . 02 .74± .06 

1. 07± . 02 1.10± . 02 
I. 02± .04 1. 08± .02 
1.09± . 02 1. 09± . 02 
1.04± . 07 1.07± . 03 

o TO 15,000 LB/IN.2 

1. 42± 0. 03 1. 58±0. 03 
1.25± . 02 1. 20± . 04 
1. 43± .03 1. 47± . 01 
1. 37± . 01 1. 21± .04 

o TO 2lJ,000 LB/I N.' 

2. 10±0. 01 1 2. 15± 0. 03 
2.0.1± .01 2. 12± . 02 
2.31± .01 1 2.17± .02 
2.35± . 05 2. 12± . 04 

o TO 5,000 LBJI N.' 

1. 20± 0. 02 ---------- - --
. 99± . 01 - -- - - --------

1.15± . 02 --- -- .-._ -- - -
.97± .02 1. 02± 0. 02 

o TO 20,000 LB/IN.' 

2. 57±0. 02 2. 70± 0. 05 
2. 35± .02 2.39± . 02 
2.67± .03 2. 71 ± .02 
2.37± .03 2.40± . 02 

o TO 15,000 LBJIN.' 

2. 8O± 0. 02 2. 97±0. 03 
2.61 ± . 01 .-------- ----
2.87± .01 2.95± . 03 
2. 66± . 01 . ..... . ...... 

• Specimens were conditioned and tested at 77° F ancl 50% relative humidity in accordance with M ethod 1031, Federal Specifications L-P-406a. Each value 
in t he table represents t be mean for 5 to 10 specimens. Tbe accompan ying plus 0 1' minus value is the standard error. 
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instances. This may be seen by comparing figures 50,--------- -----------, 

20 and 21 with figures 11 and 12. Figures 20 and 
21 also show that there is no difference in specific 
strength properties between the low-pressure and 
high-pressure laminates, V2 and W2, made with 
the same Grade C fabric . When comparisons are 
based on density, the flexural strength and stiffness 
of the asbestos-fabric laminate, K2, are greater 
than those of the cotton-fabric laminates at 200° F. 

(d) Effect of Span-Depth Ratio 

The results of tests made at 77° Fusing span
depth ratios of 16: 1 and 8: 1 are given in table 6. 
The flexural strength obtained with a 16: 1 span
depth ratio was slightly less for all samples, the 
decreases ranging from about 2 percent for the 
glass-fabric laminate, U2, to about 7 percent for 
the cotton-fabric phenolic laminates. The initial 
flexural modulus of elasticity values were usually 
a little greater for the tests with the larger span
depth ratio_ The I2 material, a high-pressure 
phenolic Grade C laminate, showed significant 
changes in both flexural strength and initial 
modulus of elasticity with the change in span
depth ratio. 

3 . Tensile Properties 

The results of the tensile tests of the plastic 
laminates at temperatures of -70°, 77°, and 200° 
F are shown in figures 22 to 30. 

The tensile properties of representative lamin
ates at 77° F are approximately as follows: 

Tensile 
secant 

modulus of 

Type of laminate Tensile elasticity 
strength for lowest 

stress 
range in 
table 8 

1 (J3 lb/in. 2 1()6 lb /in .2 

Grade C phenolic, low-pres-sure (V) _________ __ ____ __ 9 O. 8 
Grade C phenolic, high-pres-

sure (\,V) __ _______ ________ 10. 5 1.0 
Rayon-cotton-fabric phe- r 32 (L) • 1. 9 (L) nolic (Z) ___ ___ ___________ 

26 (C) 1. 2 (C) 
High-strength-paper phe-

nolic (8 ) _______ __________ 30 2. 6 
Asbestos-fabric phenolic (K) __ { 8 (L) 1. 5 (L) 
Glass-fabric unsaturated- 5 (0) 1. 2 (C) 

polyester (AB) -- - --- - - - -- I{ 43 (L) 3. 0 (L) 
33 (C) 2.6 (C) 

a L= lengthwise; C=crosswise. 
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FIGUR E 22. Fariation of tensile strength with temperature 
for Ys-in.-thick laminates. 

Lengthwisespecimens uilless otherwise noted . T ypes of laminates shown 
arc: ]{, asbestos-fabric phenolic; L, low-pressure cotton-fabric pbenolic; 
S, higb-strength-paper phenolic ; V, low-pressure Grade 0 phenolic; lV, high
pressure Grade 0 phenolic; 7:, rayon-cat ton-fabric phenolic; AB, glass-fabri c 
unsaturated-polycster . 

The tensile strengths and moduli of elasticity 
of all the samples increased at - 70° F and de
creased at 200° F relative to the 77° F values 
(figs. 22 and 23) . 

The three cotton-fabric phenolic laminates, Ll, 
VI , and WI , exhibited similar changes in tensile 
strength properties with change in temperature. 
The tensile strengths of these samples increased 
15 to 25 percent at -70° F and decreased 25 to 
30 percent at 200° F compared to the 77° F values . 
Corresponding changes for the secant modulus of 
elasticity at 2,500 Ibjin.2 were increases of about 
40 to 50 percent at - 70° F and decreases of about 
20 to 30 percent at 200° F . Witt, Wolfe, and 
Rust [6], in tensile tests at 77° F and 160° F on a 
number of samples of Grade C phenolic laminates, 
found average decreases in strength and modulus 
of elasticity of about 18 and 22 percent, respec
tively. 

The rayon-fabric phenolic laminate, ZI, showed 
the greatest percentage increase (55 crosswise and 
70 lengthwise) in tensile modulus of elasticity at 
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- 70 0 F. Other changes in the tensile properties 
of this laminate were similar to those for the three 
cotton-fabric phenolic laminates. 

Of tho samples tested, the high-strength-paper 
phenolic laminate, SI , showed the largest per
centage decrease (40%) in tensile strength at 200 0 

F. The percentage changes in modulus of elastic
ity at both - 70 0 and 2000 F were less for the 
paper (10 to 20% ) than for the other four lami
nates with cellulosic reinforcement. 

Meyer and Erickson [4] reported that the tensile 
strength and modulus of elasticity for high
strength-paper laminates decreased about 35 and 
15 percent, respectively, at 200 0 F relative to 75 0 

F ; these values agree with the data in table 8. 
The changes found by them at subnormal tem
peratures were much less th :tn those given in this 
report and includ ed sligh tly negative values.3 
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FIG U RE 23. 11 ariation of tensile secant modulus of elasticity 
with temperatu re for Ys-in.-thick laminates. 

Lengthwise specimens unless otherwise noted. Stress ranges : 0 to 5,000 
Ib/in. ' for AB, S, 7.; 0 to 2,500 Ib/in.' for K, }V, L, 11". Types of laminates 
shown are: K , asbestos-fabric phenolic; L , low-pressure cotton-fabric phenolic; 
S, high-strength-paper phenolic; 11", low-pressure Grade 0 phenolic; W , high
pressure Grade 0 phenolic; Z, rayon-cotton-fabric phenolic; A B , glass-fabric 
unsaturated-polyester. 

a A possible reason for the small changes in both thc tcnsile and compressive 
moduli of elast icity at _690 F reported by Meye,' and Erickson is th at their 
tes ts at the low temperatnre were made at a different laboratory and with 
dillerent means of measuring the strain from those made at 75' F and higher 
temperatures . Hence the uncertainty in the changes they report for low 
temperaturcs may be somewhat greater than the UIlccrtainty in correspond
ing changes obtained in this laboratory whcre all tests were made with the 
same equipment. 
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FIGUR!!; 24. Tensile stress-strain curves of Ys-in.-thick lam
inates at 77° P. 

Lellgthwise speci mens. T ypes of laminates shown arc: AB, glass-fabric 
unsaturated-polyestcr ; S , high-strcll gth-paper phenolic; 7., rayoJl-cotlon
fabric phenolic; K , asbestos-fabric phenolic; L , low-pressure cotton fabric 
phcnolic; TV, high-pressur e Grade 0 phenolic; 11", low-pressure Grade C 
phenolic. . 

The material investigated by Meyer and Erickson 
was quite similar to that tested in this laboratory 
as regards resin, molding cond i tions, and paper 
base. 

The asbestos-fabric laminate, Iel , (fig. 33), with 
decreases in tensile properties of less than 10 per
cent at 200 0 F , exhibited the least change of all 
the samples. Witt and others [6] tested several 
Grade AA asbestos-fabric phenolic laminates in 
tension. They found that average decreases in 
strength and modulus of elasticity at 1600 F rela
tive to 77 0 F werc 6 and 15 percent, respectively. 

Next to the asbestos-fabric laminate, the glass
fabric laminate, ABl , (fig . 30) showed the smallest 
percentage loss (20%) in strength at 2000 F . 
This change was approximately half that of the 
high-strength-paper laminate, S1. The glass
fabric laminate also had the highest percentage 
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FIGURE 25. Tensile stress-strain curves for low-pressure 
Grade C phenolic laminate, Vi. 

Lengthwise specimens. Secan t modulus of elasticity (0 to 2,500 Ib/in.')= 
_70' F, 1,250,000 Ib/in.'; 77' F, 840,000 Ib/ in.'; 200' F, 690,000 Ib/in .' 
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FIGURE 26. Tensile stress-strain curves for high-preswre 
Grade C phenolic laminate, Wi. 

Lengthwise specimens. Secant modulus of elast icity (0 to 2,500 Ib/in.'): 
-70' F, 1,470,000 Ib/in.'; 77 ' F, 1,050,000 Ib/in.'; 200' F , 770,000 Ib/in.' 
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FIG URE 29. Tensi le stress-strain curves for Grade AA 
asbestos-fabric phenolic laminate, 1(1 . 

Lengthwise specimens. Secant mod ulus of elast icity (0 to 2,500 Ib/in.') : 
-70° F, 1,720,000 lb/ in .'; 77° F , 1,480,000 Ibjin .' ; 200° F, 1,340,000 lbjin .' 

increase (33%) in tensile strength at - 70 0 F . 
The percentage change in the tensile modulus of 
elasticity of the glass-fabric laminate was about 
the same as for the high-strength-paper laminate 
at both the high and low temperatures. 

The approximate values for the percentage 
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FIGURE 30. T ensile stress-strain curves for glass-fabri c 
tmsaturated-poly ester la'minate, AB1. 

Crosswise specimens. Secant modulus of elas ticity (0 to 5,000 lb/in .'): 
-700 F, 3,240,000 lb ./in .'; 77° F, 2,630.000 lb/ in .' ; 200° F, 2,080,000 Ib/in. ' 

change in tensile strength and tensile secant 
modulus of elasticity at - 70 0 and 2000 F, relative 
to the value at 77 0 F for the laminates investigated, 
may b e summarized as follows: 

Chan ge in tensile Chan ge in tensile se-
cant modulus of s trength elastici ty 

- 70° F 200° F - 70° F 200° F 

-

P ercent Pel'cent P el'cent P ercent 
Grade C phenolic, low-pressure (V) ____________________ 25 - 30 47 - 18 
Grade C phenolic, high-pressure (W) ___________________ 20 - 30 45 - 30 
Rayon-cotton-fabric phenolic (Z) ______________________ 25 - 25 60 - 30 
High-strength-paper phenolic (S) ______________________ 15 - 40 23 - 15 
Asbestos-fabric phenolic (K ) ______________ _________ ___ 15 - 3 23 - 10 
Glass-fabric unsaturated-polyester (crosswise only) 

The types of failure obtained in tension were 
similar to those shown by Findley and Worley 
(see fig. 49 , [9]) and by Marin (see fig. 41 , [10]) 
for the same laminates. The cotton-fabric pheno
lic laminates had a clean break, with the exception 
of the low-pressure molded laminate, VI, which 
also split on a central ply. The high-strength
paper laminate, SI , had a brittle and slightly 
jagged break . In the glass· fabric laminate ABl, 
the failure was very irregular and of the tongue and 
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(AB) _ 33 - 20 23 - 20 

groove type, extending throughout the reduced 
section. The manner of failure in the rayon
fabric laminate, ZI , was between that of the glass
fabric and the cotton-fabric laminates. 

4. Comp ressive Properties 

The r esults of the compressive tests of the plastic 
laminates at temperatures of - 70°, 77°, and 200 0 

F are shown in figures 31 to 35. 
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The compressive properties of the laminates at 
77° F are approximately as follows: 

T ype ofjtaminate 

Grade C phenolic, low-
pressure (V) ________ __ _ 

Grade C phenolic, high-
pressure (W, I ) _____ ___ 

R ayon-cotton-fabric phe-
nolic (Z) ____ ________ __ 

High-strength-paper phe-
nolic (8) __ _____ _______ 

Asbestos-fabric phenolic 
(I{ ) _____ _________ ___ _ 

Glass-fabric unsaturated-
polyester (AB) __ ______ 

a L= lengthwise; O=crosswise. 
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F I GURE 31. Variation of compressive strength with tempera
ture f or %-in.-thick laminates . 

Len gthwise specimens. T ypes of laminates shown are : I , Grade C phe
n olic; K , asbestos-fabric ph enolic; L , low-pressure cotton-fabric p henolic; 
S, high-stren gth-paper pbenolic; V, low-pressure Grade C pbenolic; W , 
bigh-pressnre Grade C pbenolic; Z , rayon·cotton-fabric phenolic; A B , glass
fabric unsaturated-polyester . 
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The compressive strengths and moduli of elas
ticity of all the laminates increased at - 70 0 F 
and decreased at 200° F , relative to the 77 0 F 
values (figs. 31 and 32). 

The compressive strengths of the four cotton
fabric phenolic laminates increased 50 to 70 per
cent at - 70 0 F and decreased 10 to 30 percent a t 
200° F. The compressive secant modulus of 
elastici ty increased 30 to 60 percent at - 70° F , 
with the greatest change in the low-pressure 
samples, and decreased 20 to 30 percent at 200° F . 
The two low-pressure cotton-fabric phenolic lam
inates, L2 and V2 , made with the same resin, 
showed nearly ident ical variation in compressive 
properties with temperature. Witt, Wolfe, and 
Rust [6], who t est ed a large group of samples of 
Grade C phenolic laminate in compression at 77 ° 
and 160° F , found average decreases in compressive 
strength and modulus of elasticity of about 22 and 
27 per cent , respectively. N orelli and Gard [3], 
who tested a Grade C sample at various tempera
tures, indicated an increase in compressive strength 
of about 50 per cent at - 67° F and a decrease of 
35 percent at 167° F , relat ive to 77° F . 

~ . 4 .00 ,--- - ------------------, 
~ 
"
<Il 
...J 

<D 
'2 

>' 

AB 

5 

Q 3 .001-----,z..-- - """---=:::---- -----"" ______ ;::-------1 
f- AB 
(/) 

<i 
...J 
W 

U. 
o 
(/) 
:::l 
...J 
:::l 
[') 

o 
::> 
f
z 
<i 
U 
w 
(fI 

w 
> 
lii 
(fI 
w 
n: 
0.. 
::> o 

2 .00 

1.00 

K 
I 

W 
L Z 

K 

u 0 L------ 7"J,0,..-------------"Ln ::----------=-2 .!,-00=-------J 

TEMPERATURE , " 

FIGURE 32. Variation of compressive secant modulus of 
elasti city (0 to 2,500 Ib/in .2) wi th temperature fo r ~-in. 
thick laminates. 

Lengthwise specimens. T ypcs of laminates shown a re: I , Grade C phe
nolic; I(, asbestos-fabric pbenoHc; L, low-pressure cotton-fabric phenoHc; S, 
h igh-strength-papcr ph enoli c; V , low-pressure Grade C phenOlic; W , bigh
pressure Grade 0 phenolic; 7, rayon-cot ton-fa bri c phenoli c; AB, glass-fabric 
unsaturated-pol yester. 
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FIGURE 34. Compressive sI1'ess-strain curves of rayon
cotton-fabric phenolic laminate, Z 2. 

Lengthwise specimens . 

Secant modu-
'l'cmpera- Ius of elastici- Oompressive 

ture ty, ° to 2,500 
Ib/in.' 

strcngth 

of lb/in.' lb/in.' 
-70 2, 970,000 46,100 

77 2,030,000 24,800 
200 1, 460, 000 22,300 
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FIGU RE 35. Compressive stress-strain curves 
strength-paper phenolic laminate, S 2. 

of high-

Lengthwise specimens. 

Secan t modu-
'-rempera- Ius or elastic i- Compressive 

ture ty, 0 to 2.500 
Ib/in.' 

strength 

' F lb/in.' lb/in.' 
-70 3,270,000 35,400 

77 2,680,000 19, 200 
200 2, 220,000 14,900 

The high-strength-paper, S2, and the rayon
fabric, Z2 , phenolic laminates increased in com
pressive strength 85 percent at - 70 0 F and de
creased in compressive strength 10 to 20 percent 
at 200 0 F. The changes in compressive modulus 
of elasticity with temperature were less for the 

Type of laminate 

Grade C phenolic, low-pressure (L, V) ______ ___ _____ 
Grade C phenolic, high-pressure (W, I ) _____________ 
Rayon-cotton-fabric phenolic (Z) _____ ____________ _ 
High-strength-paper phenolic (8) _____ ____ _________ 
Asbestos-fabric phenolic (K ) ____ __________ ________ 
Glass-fabric unsaturated-polyester (AB) _____ _______ 
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high-strength-paper laminate than for the other 
cellulose laminates, the increase at - 70 0 F being 
20 percent and the decrease at 200 0 F being 15 
percent. The changes in compressive properties 
of a high-strength-paper phenolic laminate at 
- 69 0 F and 200 0 F relative to 77 0 F , reported by 
Meyer and Erickson [4], are in good agreement 
with the results given in this r eport, except that 
they obtained much smaller increases in modulus 
of elasticity at - 69 0 F. 

The asbestos and glass laminates, K2 and AB2 , 
in general, showed much smaller variations in 
compressive properties with temperature than the 
cellulose laminates. The changes in compressive 
strength and modulus of elasticity for the asbestos
fabric phenolic laminate were 30 and 15 percent, 
respectively, at - 70 0 F, and - 10 and - 15 per
cent, respectively, at 200 0 F. The changes in the 
glass-fabric laminate were almost the same except 
for the 30-percent loss in compressive strength at 
200 0 F . 

The compressive-strength variation with tem
perature of the Grade AA asbestos-fabric laminate 
reported by N orelli and Gard [3] agrees in trend 
with, but differs in magnitude from, the data 
presented here. They obtained an increase of less 
than 10 percent at - 67 0 F and a decrease of 25 
percent at 167 0 F . No comparative data were 
found in th e literature for a glass-fabri c laminate 
similar to the sample, AB2. 

The approximate values for the percentage 
changes in compressive strength and modulus of 
elasticity at - 70 0 and 200 0 F, relative to th e value 
at 77 0 F for lengthwise specimens, are as follows: 

Change in compressive Change in compressive secant 

st rength modulus of elasticity (0 to 
2,500 lb/in . 2) 

- 70 0 F 2000 F _ 70 0 F 200 0 F 

P ercent P ercent P ercent P ercent 
50 - 10 60 - 20 

50 to 70 - 15 to - 30 30 to 45 - 25 to - 30 
85 - 10 45 - 30 
85 - 20 20 - 15 
30 - 10 15 - 15 
30 - 30 10 - 15 
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All of the cotton-fabric laminates, the asbestos
fabric and the rayon-catton-fabric lamina tes failed 
in compression in the same manner . The break 
s tarted at the top of the specimen at on e edge 
and went downward a,cross the machin ed face a t 
an angle between 45 0 and 60 0 to the horizon tal. 
A similar failure occurred in the low-pressure 
cotton-fabric laminate, except that there was 
splitting along a central ply. The line of failure 
in the high s trength-paper lamina te, 82 , progressed 
from one corner to a diagonally opposite corner , 
par tly on a 450 angle and partly by delamination . 
The glass-fabric laminate, AB2, failed explosively 
and delaminated at several places. Examples of 
broken compression specimens of similar lamina tes 
are shown by Findley and W orley (see fig . 50, 
[9]) and by M arin (see fig. 42, [10]). 

5 . Comparison of Temperature Dependence of 
Flexural, Tensile, and Compressive Properties 

Figure 36 shows th e percen tage ch anges in 
strength and modulus of elasticity wi th tempera
ture based on 77 0 F values for flexural, tensile, 
and compressivc tests . 

For th e cellulose laminates, the percen tage 
changes in tensile and flexural strengths with 
temperature for a given ample were abou t th e 
same. T lwse str ength v alues increased 15 to 25 
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FIGU RE 36. Comparison of changes in jlexuml (F ), tensile 
(T ), and com pressive (C) pro pel,ties of laminates at -700 

and 2000 F based on values at 770 F. 

rr ypes of laminates shown are: L, low.pressure cotton-rabric phenolic; 
V, low.pressure Grade 0 phenolic; J , Grade C phenolic; IV, high-pressure 
Orade C phen olic; Z, rayon -cotton-fabric phenolic; S, high-strength-paper 
phenolic; A B, glass-fabric unsaturated-polyester; N , asbestos-fabric phenolic. 
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percen t a t - 70 0 F and decreased 25 to 40 percen t 
at 200 0 F. The compressive-strength beh avior 
of Lhe cellulose materials was d ifferen t ; Lh e in
cr eases a t - 70 0 F were 50 to 85 percen t, Lh e de
cr eases at 200 0 F were only 10 to 30 percen t. F or 
a g iven sample, the percen tage increase in com
pressive str ength at - 70 0 F was at least double 
th e percen tage increase in flexural or tensile 
strength; at 200 0 F the percen tage loss in compres
sive s trength , in gen er al, was h alf the percen tage 
loss in fl exural or tensile strength . 

The increases in the three moduli of rlas ticity 
of th e five cellulose-fabric laminates a t - 70 0 F 
were about 40 to 60 percen t, ancl th e d ecreases 
in moduli of elastici ty at 200 0 F were from 15 to 
30 p ercen t. The high-strength-paper laminate, 
for which th e three moduli ch ange very sim ilarly 
(fig , 36), showed smaller ch anges in m oduli at 
- 70 0 F than the other cellulose laminates. 

The percen tage ch anges in strength wi th temper
a,t ure of the laminates wi th minerall'einforcemen t 
did n ot vary mu ch wi th th e type of test, in con
trast to th e cellulose laminates, for which th e 
varia tion in compressive s trength wi th tempera
ture was much differ en t from the percen tage 
ch an ges in flexural and ten ile strength . The 
percen tage cllanges in I-l exural , tensile, ancl com
pressive strength of the asbestos-fabric l amin ate 
were increases of 15 to 30 percen t at - 70 0 F 
and decreases of abou t -5 percen t at 200 0 F . 
The percen tage changes in th e three tr eng th 
value for the glas -fabric laminate , AB , were 
nearly alike, par ticularly at - 70 0 F . The r e
spective increases in the fl exural, tensile, and com
pressive moduli of the gla s-fabric l amin a tes a t 
- 70 0 F were almost equal to the cleCl'eases a t 200 0 

F. The ch anges in flexural and compressive 
moduli were ab ou t 12 percent ; the ten ile modulus 
ch anges were 22 percent. The over-aU ch anges 
in the moduli of elas t.ici ty of the asbestos-fabric 
laminate for th e tempera ture range - 70 0 to 200 0 F 
were approximat.ely 30 percen t; ehere was no 
regularity in these ch anges. 

6 . Variation of Strength Properties of Laminates 
With Orientation of Specimen 

Four of th e nine samples tes ted, the two glass
fabric laminates, the asbestos-fabric laminate, and 
the Grade C laminate, 12, were of parallel-ply 
construction (table 1) . The mos t pronounced 
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difference in strength properties between speci
mens taken from the principal directions of the 
sheet was observed in the asbestos-fabric laminate, 
K2. The other three parallel-ply samples showed 
differences in strength with direction of testing, 
but not for all types of tests as did the asbestos
fabric laminate. 

In the impact tests, directional properties were 
observed for the parallel-ply laminates, 12 and K2. 
The asbestos-fabric sample, K2, for which the 
effect was greatest, exhibited an impact strength 
in the crosswise direction less than half of the 
corresponding value in the lengthwise direction. 

For all samples the impact strength for speci
mens struck edgewise was lower than that of 
specimens of the same sample tested flatwise. 
For a given orientation of specimens in the sheet; 
the ratio of edgewise to the flatwise impact strength 
was very nearly constant for a given material over 
the range of temperature employed. These ratios 
are given in table 7. The mean value of this 
ratio was 0.5 to 0.6 for the cotton-fabric laminates, 
0.2 for the paper laminate, 0.8 for the asbestos
fabric laminate, and about 0.4 for the rayon
fabric laminate. The data of Meyer and Erickson 
[4] for cross-ply high-strength-paper laminate give 
a value of 0.19 for this ratio at the various test 
tempera tures. 

The following ratios have been calculated from 
impact data reported by Witt, Wolfe, and Rust [6] : 

Average 
ratio of 

edgewise 
Material designation impact 

strength to 
f1atwise 
impact 

strength 

Grade C, high-pressure (11 samples) ____ 0. 57 
Grade C, low-pressure (6 samples) ______ . 53 
Grade AA (5 samples) __ ______________ . 84 
Grade L (10 samples) ____ _____________ .47 

Each of these phenolic laminates was tested at 
three temperatures, - 70°, 77 °, and 160° F, in both 
the lengthwise and crosswise directions. These 
data agree with the data given in table 7. 

The effect of orientation on the flexural stress
deflection curves is shown in figures 37 to 39 for 
samples that have pronounced directional behav
ior. The asbestos-fabric sample, K2, had a flexural 
strength crosswise that was of t he order of 55 per
cent of that lengthwise (fig. 37). The two glass
fabric laminates had flexural strengths crosswise 
about 85 percent of those lengthwise. All of the 
other samples, both parallel-ply and cross-ply, had 
flexural strengths in the crosswise direction almost 

TABLE 7. Ratio of edgewise impact str ength to flatwise impact strength for Y, -in. -thick laminates at val'iotts temperatw'es • 

Ratio at test temperature 01- Mean 
M aterial designation Oricntation 01 spec imen 1 ___ , ___ _ ,--__ ,--__ 1 ratio, a ll 

tempera
tures -700 F 00 F 

[- - ------ ---- _._-----------[--- ---- -- ----- ------- - ---

L2, Low-pressure cottou-Iabric phcnolic. _________________ ____________ . ILengthwise __ ------------ 0.57 
l Crosswise_________ _____ ___ . 56 

V2, Low-pressure Grade C phenolic ___ ___ ______________ _______ _________ {Lcength:vise- - - ___ ________ _ 
rOssWlse. ___ ____________ _ 

W2, High-pressure Grade 0 phenolic ____ ____________________ __________ {Lcengthwise - - - -- ---- ------
rosswlse .. ___ ___ ___ . ____ _ 

I2, Grade C phenolic ___ __________ ______ ___________ __ __ _____ __________ _ {~~::st!::!~~~:: :::::: ::: :: : 

Z2, Rayon-cotton-fabric phenolic __ ____ __ ____ . __________________________ {Lcength:Vise_ - - -- ------ --- -
rOSSwlse ___ _____________ _ 

82, High-strength-paper phenolic __ ___ _____ ____________________________ {Lcength~ise - - -- --- ------- -
rOSSWlse . _______________ _ 

K2, Asbestos-fabric phenolic __ _____ _________ ____ ________ ____ ________ __ lrLcength~ise - - - --- ----- .---
rOSSWlse _______ . ___ _____ _ 

AB2, Glass-fabric unsaturated-polyester __ ___ ___________ ______ ______ __ _ lrLcength~ise - -- -- --- -------
rOsswlse __ ____ . ____ _____ _ 

• This table was computed from data in table 2. 
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equal to those in the lengthwise direction. The 
flexural proper ties of the Z2 rayon-fabric and AB2 
glass-fabric laminates were greatly reduced for the 
45° direction, as is evident from figures 38 and 39. 
The ratio of edgewise to flatwise flexural strength 
was nearly 1.0 for all of the samples except the 
glass-fabric laminate, AB2, for which the edgewise 
flexural strength was greater . The flexural modu
lus of elasticity of the high-strength-paper lami
nate, 82, was about 10 to 15 percent greater edge
wise than flatwise, but in all the other samples 
there was little difference between the edgewise 
and flatwise flexural moduli of elasticity . 

The variations of tensile and compressive 
s trengths and secan t moduli of elasticity for the 
various materials in the lengthwise, crosswise, and 
45° diagonal directions are shown in figures 40 to 
43. In general, the tensile strength and the ten
sile and compre sive secant moduli of elasticity 
of the cotton-fabric and the high-str ength-paper 
laminates showed small variations wi th the direc
tion of test. The diagonal values were abou t 10 
to 20 percen t lower than the other values. 
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DEFLE CTION AT MID -SPAN,IN. 

F IGUHE 37. Flexuml stress· deflection curves f or asbestos
f abric phenolic laminate, ](2, at 77° F. 

Span·dep th r atio 8:1. L F, Lengthwise specimens tested flatwise; L E. 
length wise specimens tested edgewise; CF, crosswise specimen s tested fl at· 
wise; CE, crosswise specimens tested edgewise. 
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cotton-fabric phenolic laminate, Z2, tested flatwise at 77° 
F. 

Spun·depth ratio 8:1. Initial flexural modulus of elast icity: lengthwise. 
1,580,000 lb/ in.'; crosswise, 1,400,000 lb/in .'; 45° diagonal, 760,000 Jb/in.' 
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F IGUH E 39. Flexural stress-deflection curves f or glass
f abric unsatumted.-polyester laminate, A B2, tested flatwise 
at 77° F. 

Span·depth ratio 8:1. Initial flexural m odulns of elasticity: lengthwise, 
2,880,000 lb/in.'; crosswise, 2,840,000 lb/in.l; 45° diagonal, 1,810,000 lb/in.' 
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FIG U RE 40. Tensile stTengths fm' the lengthwise (L ) , cross

wise (C), and 45° diagonal (D) directions of Ys -in. -thick 
laminates. 

'l' ypes 01 laminates are : AB, glass-fabric unsaturated-polyester; Z, ra yon
cotton-Iabric phenolic; S, h igh-stren gth-paper phenolic; K, asbestos-fabric 
phenolic; L , low-pressure cotton-Iabric phenolic; V , low-pressure Grade 0 
phenolic; W , h igh-pressure Grade 0 phenolic. 
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FIGU R E 4 1. Tensile secant moduli of elasticity for len gth
wise (L ), cTosswise (C), and 45° diagonal (D) directions 
of Ys -in .-thick laminates. 

Stress ran ges: 0 to 5,000 Ib/in.' for AB, 7., S; 0 to 2,500 lb/in.' for K , L . V, l'V. 
Types of lamina tes shown are: A B , glasS-fabric unsaturated-polyester; 7 , 
rayon-cotton-fa bric phenOlic; S , h igh-strength-paper phenolic; K , asbestos
fabric phenolic; L, low-pressure cotton-fabric phenolic; V, low-pressure Grade 
o phenolic; l'V, high-pressure Grade 0 ph enolic. 
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FIGU R E 42. Compressive strengths for lengthwise (L ), 
crosswise (C), and 45° diagonal (D) dir ections of }'2-in.
thick laminates. 

Types of laminates shown are: AB, glass-fabric unsaturated-polyester; 
Z, rayon-cotton-fabric phenOlic; S , high-strength-paper phenolic; K , asbestos
fa bric phenolic; I , Grade 0 phenolic; L, low-p ressure cotton-fabric phenOlic; 
V, low-pressure Grade 0 p henolic; tv, h igh-pressu re Grade 0 phenoliC. 

The rayon-fabric and the glass-fabric laminates, 
similarly to their behavior in flexure, showed 
large variations in tensile str ength and tensile and 
compressive moduli wi th the direction of test. 
The diagonal values were as low as 30 to 50 
percen t of the lengthwise values. The rayon
fabric sample, although a crossed-ply laminate, 
showed the greatest variation between the length
wise and crosswise values of tensile modulus of 
elastici ty.4 

In the asbestos-fabric sample, a parallel-ply 
lamina te, the tensile strength and the tensile and 
compressive moduli wer e gr ea test in the length
wise, least in the crosswise, and intermedia te 
in the diagonal directions (fig. 40). 

• T h is may be explained as follows: T he rayon fabric, of h igher strength 
and modu lus of elast icity than the resin, was practically unidirectional in 
strength. In the ~-in . th ickness there were four plies lengthwise to th ree 
crosswise. H the modulus of elasticity of the resin, small compared to the 
fabric, is neglected, the ratio of lengthwise to crosswise tensile mod ulus of 
elas ticity should be J. 33; the measured rat io was 1.18. Applica tion of the 
same idea to the compressive moduli , where the specimen has 12 lengthwise 
and 11 crosswise plies, indicates a corresponding rat io of I. 09; the measured 
ratio was 1.07. 
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FIGURE 43. Com pressive secant moduli of elasticity (0 to 
2,500 Ib/in.2) for lengthwise (L ), crosswise (C), and 45° 
diagonal (D) dinctions of Yz -in. -thick laminates. 

Types of laminates show n arc: .liB, glass·fabric unsaturatcd-polycster; 
Z, rayon-cotton-fabric phcnolic; S, bigh-strength-paper phenolic; K , asbestos
fabric phenolic; I, Grade C phenolic; L, low-pressure cotton-fabric phenolic; 
V, low-prcssurc Grade C phcnoli c; lV, h igb-pressure Grade C phenolic. 

In all samples, the compressive strength varied 
less with direction than the tensile strength. For 
a given sample, th e compressive strengths for the 
three direct ions of test differed by 10 percen t or 
less. The only excep tion was the glass-fabric 
laminate whose compressive strength in the 45°
diagonal direction was only 60 percen t of that in 
the lengthwise direction. Moreover , except for 
the glass-fabric laminate, the compressive strengths 
of the laminates were wi thin 10 percen t of 21 ,000 
lb/in.2 ; the tensile strengths of these same lami
nates (excluding the glass-fabric laminate) ranged 
from 5,000 to 32,000 Ib/in.2 

The relative constan cy of compressive strength 
with variation of direction and reinforcement 
indicates that the s trength of the r esin is the major 

I . factor in determining the compressive str ength of 
fabric and paper lamina tes . This conclusion was 
reached by Erickson and M ackin (see p. 268 and 
t ables 1 and 2, [19]) in regard to a parallel-ply high
strength-paper laminate. Witt, Wolfe, and Rust 
[6) showed that, although the average lengthwise 
tensile strength for ten Grade L laminates was 
50 percen t greater than the average crosswise 
tensile strength, and for eleven Grade C laminates 
15 percent greater , the difference ill compressive 
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strengths of the different directions of th e two 
materials was less than 3 per cent. 

7 . Strain at Failure 

E xcept for the asbestos-fabric laminates, the 
elongation a t failure in tension (table 8) was the 
sam e for the lengthwise and crosswise directions 
and greatest for the 45°-diagonal direction . The 
grea test elongations in tension were those of the 
two low-pressure cotton-fabric laminates, Ll and 
VI , and the glass-fabric laminate in the 45°_ 
diagonal direction. 

T able 8 also shows that, in compression , the 
maximum strain a t failure occurred in the 45°
diagonal direction. In general , th e strain at 
failure in compression was grea ter than in tension 
for the sam e sample and orien tation of specimen . 

Th e elongation in tension for the cellulose 

T ABLE 8. S train at failur e in tension and compression 
tests • 

'rota] stra in DC fail ure 

Material designation Orien tation of rJ'cnsion Co m -
specimen pres-

sion 
- 700 770 200 0 at 770 

F F F F 
-----.------ ------1---------

Per- Per
cent cent 

L, Low-pressure cottou· {Lengt hwise_ _ _ 2.9 4. 9 
fabric phenolic, cross Crosswisc _____ 3.3 4.8 
ply. 450 diagonaL _ 8.7 

V, Low-pressure Orade t engtb wiSC - -- 3.9 4.8 
Crossw lse ___ __ 3.9 5.0 

C phenolic, cross ply. 45 0 d iagonaL _ 8.5 

W, Higb-pressure Orade {Lengtll wise_ -- 3.3 3. 7 

C p henolic, cross ply. 
Crosswise _____ 3.0 4.8 
45° diagonaL __ 4.7 

I , Ora d e C phenolic, Lcngthwise ___ 
parallel pl y. 

Z, R ayon -cotton -fabric {Length wise_ - - 2.8 4.0 
Crosswise _____ 3.0 3.9 

phenolic, cross ply. 450 diagonaL _ 4.9 

S, H i g h-strength - paper {Length wise ___ 1.2 1. 7 
Crosswise __ __ _ 1. 3 1. 7 

phenolic, cross ply. 45 0 dia gonaL _ 2. 0 

K , Asbestos-labric pbeno· {LCngth wise_ -- 2.1 1. 8 

lic, parallel ply. 
Crosswise _____ 0. 5 0. 6 
450 diagonaL _ .6 

AD , o lass·fa bric u nsat- {Lengtllwise ___ 1.8 
urated po l yeste r , Crossw ise ___ __ 2.2 1.7 
parallel ply . 450 d iagonaL _ 8. 2 

Per- Per· 
ant cent 
4.2 12.2 
3.2 .11 .6 

3.7 10.5 
3. G 

14.7 

2.8 8.6 
2.5 8.2 

JI. 8 

12.0 

3. 4 5. 7 
3.4 5.8 

8.6 

1. 1 4. 5 
1. 1 

1.2 5. 1 
0.5 6.3 

5.4 

1. 5 
1. 7 1.5 

2. 5 

• T hc tension tes ts were made on ~8-in.-tb ick samples, and the compression 
tests were made on ~·in.-thick samples. 
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laminates was greater at 77 0 F than at either 
-700 or 2000 F. The deflection at failure in 
flexural testing was greater at 77 0 F than at 
either -700 or 200 0 F for the six cellulose lami
nates (figs. 14 to 17). Meyer and Erickson [4] 
have shown that the elongation at failure in 
tension of a high-strength-paper laminate increases 
directly with the moisture content of the laminate. 
Therefore, part of the increase in brittleness of the 
cellulose laminates at 2000 F may be due to the 
decrease in moisture content of the laminates 
caused by 24-hr conditioning at 2000 F . 

v. Conclusions 

The !zod impact strength-temperature trend 
of the laminated plastics is different for the various 
types of reinforcement. The glass-fabric lami
nates decrease steadily in impact strength with 
increasing temperature, the value of 200 0 F being 
about 70 percent of the - 70 0 value. The asbes
tos-fabric, rayon-fabric, and high-strength-paper 
laminates show little variation in impact strength 
between - 700 and 2000 F. The cotton-fabric 
laminates exhibit increasing impact strength with 
temperature, roughly doubling their impact 
strength between - 70 0 and 200 0 F . 

The Izod impact-strength values for the rayon
fabric and the glass-fabric laminates are much 
greater than for the other materials. 

An increase in flexural properties occurs for all 
the samples at low temperature, and at high tem
perature, a decrease occurs for all the samples 
except the asbestos fabri c laminate, which shows 
no change. 

The high-strength-paper and two glass-fabric 
laminates are outstanding in fl exural propE'rties. 
When the samples are compared on the basis of 
specific strength values, the paper and rayon
fabric laminates are superior to the others. 

The low-pressure Grade C phenolic laminate, 
V2, compares favorably in flexural strength prop
erties with the high-pressure laminate, W2 , made 
with the same reinforcement, especially when the 
comparison is made in terms of specific strength 
properties. 

The tensile and compressive strengths and 
moduli of elasticity of all laminates increase at 
low temperature and decrease at high tempera
ture relative to the values at 77 0 F. 

For all laminates, except the asbestos-fabric 
product, the tensile and compressive strengths at 
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200 0 F are approximately half of the correspond
ing values at - 70 0 F. The changes in the strength 
values of the asbestos-fabric product are much 
smaller and less than for any other laminatE' . 

For the cellulose laminates, the increase in 
compressive strength at the low temperature is 
much greater in magnitude than the decrease at 
the high temperature; the tensile strength varia
tion, however, is less at the low temperature 
than at the high temperature. The tensile and 
flexural strengths of these samples exhibit simi
lar temperature changes. 

The tensile and compressive moduli of all 
samples increase more at the low temperature than 
they decrease at the high temperature. Except 
for the high-strength-paper laminate, the over-all 
changes are greater for the cellulose than for the 
mineral-type laminates. The high-strength-paper, 
asbestos-fabric, and glass-fabric laminates show 
about the same over-all variation of tensile and 
compressive moduli with temperature. 

The tensile strengths of the high-strength-paper, 
rayon-fabric, and glass-fabric laminates are about 
three times greater than those of the cotton-fabric 
and asbestos-fabric phenolics. 

The glass-fabric laminate is outstanding in 
compressive strength: at 77 0 F its strength is 
36,000 and 42,000 Ib(in. 2, respectively, in the cross
wise and lengthwise directions. The compressive 
strength of the other laminates is 21,000 Ib/in.2 

within about 10 percent. 
The tensile and compressive moduli of elasticity 

of the glass-fabric and high-strength-paper lam
inates are greater than for the other materials at 
all temperatures and are in the range 2,600,000 to 
3,300,000 Ib/in.2 

The flexural properties of plastic laminates at 
high temperature are not a function of temper
ature alone, but may be affected by further cure 
of the resin and loss of moisture content. The 
effect of high humidity in addition to an elevated 
temperature may be much different from the 
effect of the elevated temperature alone. A 
severe loss in strength was noted for the high
strength-paper and one low-pressure cotton-fabric 
laminate at 1500 F and gO-percent relative 
humidity. 

The ratio of edgewise to flatwise impact strength 
for the ;6-in .-thick phenolic laminates tested is 
nearly constant over the range of temperatures, 
- 70 0 t.o 200 0 F. 
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