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Introduction

Investigations of the impact resistance of resin-treated wood con-
cducted at the Forest Products Laboratory and at the Materiel Center of the
Army Air Forces at Wright Field show a relationship between notched tough-
ness values and Izod values. The investigations also show that face-
notching gives higher impact values than does edge-notching by both notched
toughness methods and Izod methods.

Previous studies of the notched toughness of resin-treated compressed
wood (compreg) (1, 2, 3) have shown that this property is more sensitive to
manufacturing variables than any of the strength properties thus far tested.
This report shows how work values as determined on specimens tested in the
Forest Products Laboratory toughness machine and in the Izod impact machine
vary (in the order of decreasing importance) with (1) the specific gravity
to which the product is compressed, (2) drying conditions of the treated
veneer, (3) type of resin used, (4) resin content, (5) the curing terpera-
ture and time in the press, (6) presence of plasticizers and other chemi-
cals (7) moisture content prior to pressing, and (8) moisture content at
time of testing.

Preparation of Swecimens and Testing Procedure

Test specimens were cut from panels made from 1/16—inch rotary-cut
yellow birch veneer (except in the case of the data of fig. 6). All panels
were assembled with the grain of the plies in one direction and bonded with
one phenolic resin (Balkelite XC7381) to eliminate the bonding variable.
Panels were made of both untreated and resin-treated veneer and dried, cured,
and compressed under varying conditions. For these tests more than 200
panels were made and more than 4,000 specimens were tested.

Lrnisg is one of a series of reports prepared by the Forest Products Laboratory
relating to the use of wood in aircraft. Results here reported are pre-
liminary and may be revised as additional data become available.
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All the toughness measurements were made with the Forest Products .
Laboratory toughness machine (4) using a 4-inch span. The specimens for |
these tests were 1/2 inch square in cross section and 5 inches long in the
fiber direction. A standard Izod notch (5), in the case of the notched _ «
specimens, was cut across the specimens at right angles to the fibers at
the center of the specimen either on a face (parallel to the surface of
the plies) or on an edge. As most of the tests were made with face-notched
material, the notch will be considered to be in this position unless it is
designated otherwise.

Some Izod tests were made by the Materiel Center of the Army Air
Forces at Wright Field, (6, 7) for correlation purposes on the specimens
furnished by the Forest Products Laboratory. Four sets of ten matched
specimens of four materials were prepared, two sets for notched toughness
tests and two for Izod tests. One set of toughness specimens and one set
of Izod specimens were notched at the Laboratory. The other two sets were
similarly notched at Wright Field. Noiched toughness tests were made at
the Laboratory on half the specimens from both sources of notching.
Correspondingly, Izod tests were made at Wright Field. Table 1 gives the
results of these tests. In all cases the no%ches cut independently at the
two locations gave nearly identical results, indicating that any slight
notch differences are not responsible for the differences between the
notched toughness and Izod values obtained.

Relationship Between Notched Toughness Values and Izod Values

Pigure 1 shows that notched toughness and Izod values for normal
wood are substantially equal. For compressed wood and compreg, however,
Izod values are only about 60 and 67 percent of the notched toughness
values for face-notched and edge-notched specimens, respectively.

Accordingly, to convert notched toughness values in inch-pounds to
equivalent Izod values in foot-pounds per inch of notch, the notched tough-
ness values must be divided by the following factors:

normal wood, l% &6
face;notched compreg and compressed wood 2 =10
o ¥ 2'x 060
edge-notched compreg and compressed wood —~—l§—7— =19
4 21x 0u67

These relationships, of course, apply only to specimens of the size and
form used in these tests.

The agreement between the average Izod values and the adjusted
notched toughaoess values is shown in table 1. Table 1 &lso gives the maxi-
mum variation between the duplicate values for each test. Neither of the .
test methods seems to have an advantage over the other in regard to
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reproducibility of results. By either method the reproducibility of_resulté
seems to be somewhat greater for uncompressed wood than for compre sed wood.

Tabla-2 gives notched toughness and Izod values for a number of
matched specimens of normal wood and compreg th‘t were face— and edge-
notched.

The correlation between the adjusted notched toughness values and
the Izod values given in these two tables appears to be sufficiently eccurate
to make possible comparisons of resul*s obtained by the two methods of :
testing. ,

Relationship Between Face Impact Values and Edge Impact Values

Table 2 also shows that face-notching gives higher impact valuves
than edge-notching by both the notched touchness and Izod methods. Tables
2 and 3 show that the face impact values for normal rotary-cut laminated
wood are but slightly higher than the edge impact values while the edge
impact values for comnreg range from about one-half to three-fourths of
the face impact values.

Manufacturing Variables Affecting the Impact
Resistance of Resin-treated Wood

A large part of the summaries to follow are shown by the data of
Table 3 in which the specimens are classified as high, medium, or low,
notch-sensitivity materials. In the case of the high notch-sensitivity
material that is only partially compressed, the notch has caused a 60 per-
cent decrease in the toughness. In the case of the low notch-sensitivity
material that received only a surface treatment with resin, the notch has
caused a 34.3 percent decrease in the toughness. When the notched tough-
ness values are corrected for the decrease in thickness due to the depth of
the notch (0.1-inch notch in 0.5-inch material) on the basis of the tough-
ness varying directly as the thickness (§), these decreases are reduced to
50 percent and 18 vercent, respectively. On the basis of the toughness
varying directly as the square of the thickness, the decreases are
reduced to 37.5 percent and 0. 0 percent, regpectively.

Table 4 shows that the notched toughness values are unaffected by

any slight difference that may exist between molded and cut faces on which
the notch is cut. This is in agreement with previously reported findings g e

Specific Cravity

Table 4 also shows that there is an increase in the notched toughness
with an increase in the specific gravity of the product resulting from
different degrees of compression. The specific gravity determinations of
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normal wood were on the basis of the air-dry weight and the air;dry-yolume
at the time of test. The specific gravities of untreated compressed wood

~and compreg were determined on the basis of pressed dry weight per unit

of volume at the time of test.

The increase in notched toughness as specific gravity increases is
also shown in figures 2 and 3 for different resins and different concen-
trations of regin, The increase in notched toughness with an increase in
specific gravity is greatest at the higher specific gravities. The effect
of specific gravity on the notched toughness is so great that it should -
always be taken into account when comparing the effects of other variables.

Drying Conditionsg

The data of table 5 plotted in figure 4 shows the effect of different
drying conditions on the notched toughness of compreg. Drying of the
treated veneer on stickers in a kiln for 16 hours at 120° F., followed by
4 hours at 170° F.; or 3 hours at 175° F. does not tend to reduce the
notched toughness values. Previous data (3) indicate that 18 hours of dry-
ing at 130° ¥, has no detrimental effect upon the notched toughness. Dry-
ing for 4 hours at 170° F, subsequent to & mild drying at lower temperatures
such as 6 days at 80° F.; or 16 hours at 120° F. does not reduce the notched
toughness of the product. In contrast, drying for 5 hours or more at 170°
F., or for shorter periods at higher temperatures definitely decreases the
notched toughness.

" Resin Type .

In general, wood treated with alcohol-soluble phenolic resins has a
greater impact resistance than wood treated with water-soluble phenolic
resins (fig. 2). The water-solutle phenolic resin, Compregnite, however,
gave notched toughness values as high as one of the alcohol-soluble resins.
In earlier tests (3) Compregnite was shown to give the highest notched
toughness values of the series of water-soluble resins tested.

Resin Content

The resin content of the wood greatly affects the notched toughness
values. PFigure 3 shows that untreated wood gives considerably higher
values than wood containing 15 percent resin on the basgsis of the dry weight
of the untreated wood. The wood containing 15 perceant resin, in turn, gives
significantly higher values than does wood containing 30 percent resin.

Water Absorption

. Figure 5 shows the water absorption in 24 hours by 2 3 by 1 by 3/8-
inch specimen (1 inch in the fiber direction) plotted against the specific
gravity for the resin-treated specimens of figure 2. The order of decrees-
ing water absorption is nearly the same as the order of irncreasing notched
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toughness. Both from a water absorption and an impact resistence basis it

is preferable that the wood be compressed to a high specific gravity. Wood
treated with 25 percent of any of the resins tested and compressed fto a '
specific gravity of 1.30 or greater will meet both the water absorption and

. Izod requirements set forth in the Army Air Forces Specification No. 15065,

provided the veneer, when treated with one of the water-soluble resins is
dried and cured. under the mild conditions indicated in table 5.

Curing Temperature and Time in the Press

Table 6 gives the effect of curing conditions on the notched tough-
ness. Increasing the temperature or time of cure decreases the notched
toughness to some extent, but this decrease is not so marked as that caused
by some of the other variables. In general, curing for more than 30
minutes at 300° F. or higher should be avoided to obtain products with
optimum impact resistance.

Presence of Plasticizers and Other Chemicalsg

Table 7 shows the effect of adding various amounts of a plasticizer
(Bakelite 1363-126) to the resin solution. Under drastic dr; ring conditions’
the plasticizer seems to improve the notched toughness of the compreg, but
under mild drying conditions the plasticizer seems to have little or no
effeth ¥ ?

The effect of adding diammonium acid phosphate to the treating
resin as a fire retardant (28 psrcent Bakelite BR15100 and 3 percent .
diammonium acid phosphate, both on the basis of the dry weight of the un-
treated wood) is shown in figure 6. The phosphate seems to lower the
notched toughness slightly. '

Moisture Content Prior to Pressing

The effect of preconditioning the veneer to different moisture con-
tents is shown in table 8. There is practically no difference between the
notched toughness values of specimens made from veneer at 6 percent and at
12 percent moisture content. The severity of drying rather thﬁn the moig-
ture content attained in drying affects the impact valueq.

If the panels,had been made under the same pressure, the higher mois-
ture content material would have given higher specific gravitizs, which,
in turn, would have increased the notched toughnesss  Thus it might appear
desirable to leave appreciable amounts of moisture in the veneer prior to
pressging. This is not the case, however. If the moisture content of the
venser at the time of pressing exceeds 2 to 4 percent (2, 3), especially
when thick panels- are made, surface checking will occur when the compreg
panels are exposed for prolonged periods of time to low relative humidities.
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Moisture Content at Time of Testing

Figure 7 shows the relationship between the notched toughness of
uncompressed laminated birch and the moisture content: for specimens dried
under three conditions prior to testing. Prior to assembly, part of the
veneer was conditioned at 30 percent relative humidity and part at 65
percent relative humidity; that is, to approximately 6 and 12 percent
moisture content, respectively. The specimens made from air-dry veneer
have slightly higher notched toughness values than the heat-dried specimens.
The moisture content at the time of testing has a small effect upon the
notched toughness, for the drier specimens give slightly higher notched
toughness values.

Figure 8 gives similar data for untreated and resin-treated compressed
wood. The notched toughness is virtually unaffected by preconditioning the
specimens at different relative humidities prior to testing.

Conclusions

It has been shown that notched toughness values in inch-pounds for
specimens of the size and form used in these tests can be converted to
Izod values in foot-pounds per inch of notch in the case of normal wood
by dividing by the theoretical conversion factor 6 and in the case of
compressed wood and compreg by dividing by the empirical conversion
factor 10.

. Face impact values obtained on face-notched specimens in all cases
are greater than the edge impact values obtained on edge-notched specimens,
both by the notched toughness and Izod methods. The difference between the
values for the two directions is least for low notch-sensitivity normal
wood and greatest for compreg made under conditions which give high notch-
sensitivity.

The notched toughness of compreg is highly dependent upon the manu-
facturing variables. The variable which has the greatest effect upon the
notched toughness is the specific gravity of the product. Increasing the
specific gravity from 1.1 to 1.3, in general doubles the notched toughness
of compreg. The next important varisble is the drying of the treated
veneer., Drying the veneer under mild drying conditions gives a product
with appreciably higher notched toughness than is obtained by drying the
veneer under drastic drying conditions. The nature of the resins seems to
be the third most important variable. Compreg panels made with alcohol-
soluble resins have higher notched toughness than panels made with waterw
soluble resins. The resin concentration is an equally important variable.
The higher the resin content of compreg at a constant specific gravity
the lower will be the notched toughness. The conditions under which the
compreg is pressed have a somewhat smaller effect upon the motched tough-
ness. Overcure tends to reduce the notched toughness. It seems advisable,
when high impact resistance is sought, to cure so that the center of the
specimen is held for not more than 30 minutes at a temperature not more
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than 300° F. when the veneer is treated with the resins tested. The mois-
ture content to which the specimens are conditioned prior to test has such

a small effect upon the notched toughness that preconditioning of the speci-
mens before test is unnecessary. Variations in the moisture content of the
veneer at the time of pressing, up to 12 percent moisture content, have a
negligible effect on the notched toughness. Adding plasticizers to the
treating resin improves the notched toughness only under drastic drying

and curing conditions. Phosphate salts added to the resin as fire retardants
decrease the notched toughness to a slight extent.

Compreg can be made with water-soluble resins that will meet the
Army Air Forces Specification No. 15065 for Izod toughness by keeping the
resin content (on the basis of the dry weight of the untreated wood) below
30 percent, by drying the treated 'veneer under such mild conditions as 16
hours at 130° F., and by curing in a press so that the center of the panel
is held no higher than 300° F. for no longer than 30 minutes under a pressure
~that will give a product with a specific gravity of 1.3 or greater.
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Table l.—Notched impact resistance of matched laminated birch sp_ecimens notched ‘
and tested a2t either the Forest Products Laboratory or at the ;
Materiel Center of the Army Air Forces, Wright Field

Material ' :Specific:Notched: Izod valuess :  Notched toughness
: gravity: byl - value
: Oty -
: speci- : :
! mens z

e e e e e e e e e . Bt e e e e . e . o e e o e e e o e kB e i B o B e . o ke e

In; 1b..Ft.—1b..Max1mum In.-1bs:Ft.-1b.Maximum

#¢ e @8 4e S® o 80 e 08 aw &5 e Ge

. £ iper in.ivaria- @ iper in.: varia-—
: 3 G mil o AR T sergafiiier 81 Bl on
: ? : notch :percent: ¢ notch :percent
Untreated, uncom-: s FPL ah.1 :. e T A9RR s OREg N &15.1 S
pressed woode...: 0.77 3 WF 38 1298 15.6 8w 51&.3 i e
Untreated, com-. I 1030 HPT o iaRLa . 8.20¢  H8.5 ¢ '07:0 3 2 OBl it S
pressed Wood....: T : 55.0 ¢ - 9.17: 30.9 : 103.2 : 210.3 : 64.0 .
High impact oSS e e ) 3R 6:58% 34,9 ¢ 6840 ¢ 2648 3 56.9
COMPTOZ s+ v vnsrat SWE . 1 8048 ¢+ 683 HE.3 3 62,0 3 A2 § G
Low impact §OO1LBRE IR s B 12,00 Bla8 1 20is 12 2,1 ¢!l BoLo
COMPTEZ s nennn. ; SUR N 1530 §00 2,658 37,7 ¢ J20WeeidiRNl ) By
L Veraces. ... : Bl : AN T R bs L e
) : T WE $ : s 3,0 g i ol
3 ,

=FPL —-- Forest Products Laboratory, WF -- Materiel Center, Wright Field.
2Izod values determined at Wright Field; values are average of 10 tests.

3Notched toughness values determined at Forest DTOduCtS Laboratory; values are
average of 10 tests.

L

—Calculated from inch-pound values by dividing by theoretical conversion
factor 6.

iCalculated from inch-pound values by dividing by empirical conversion factor 10.
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777777 s ek
3 Table 2.--Comparison of etandard Izod testsl.W1th Forest Products L?boratory
‘ : notched toughness tests on matched birch specimens
: : Face notching 4 Edge notching
: (flatwise) : (edgew se)
Material : T e btk i oo s et
v Notehed: 'y Izod. ‘¢ Notched : Izod
+ toughness : ralue : toughness : value
v dnwelb. oo i Iniat b o Faselbeie s In,—Lb.<
| Untreated, uncompressed.........: A ERR G W Sl 56-0
| Do. Pl S e R 5.0 .0 g B8 K 't 85510 i 08 G
| R BRI G ek JTAES e G s e
| A R T V3.8 a9 880k 68.6 % .. 018
‘ AT TR e M o : 6245 . 4l 622 e 5540 il .
| e RS R L : GOae e - 3 — -
| easare., Ympacth. il i u,k s . SRR e 1 62,0 - g G
‘ Average, percent of face § 3 3 ;- :
golebine value. i, vk, eped J1O0L0 d0 100.0. 8 88,8 1 s e
Conversion factor for ft.-1b.: g - -
PR el of notch. i hilie s 6 : 6 3 é 7 6
® Adjusted toughness, ft.-1b. : :
Ber dnch of notoh. woy e e vas 5 SR gty - 10,35 ¢ 0 B0l
Treated, compressed....... ety 50.0 : 2568 s 30+5 ! 2ka
L R R G AR S R BOs9' 3 256
TR TR ik ; 9 L : v S - 25,9 i e
o B R R T S et el 0 1945 3 120 ags 14.8
DAL K Lok A oA AL | e e 2Be 2.2 i R
Waatin, . ol BSOS : SUHB L G g Bevs SR
R Y e BN L Hen L 57460 L 35N
D o Db SR iR 65.0 : Bl o S g H e
B e TR 20,3 g TSR - : -
Average, impacti........ AL SHed: %A oy ELERAEEE L
Average, percent .of face & $ - : :
HotehIng valugsve e s vataty FO0LO n 0000 62:lk: iy P RS
Conversion factor for ft.-l s : o 3
par dnch of notchiian, vis due 10 : 6 $ 9 s
Adjusted toughness, ft.-lb., g i -
per Lnch of notob., ... it Ry i 5.6 B9 o 4,1
Untreated, compressed........ ek 10C.0 : 55wl —o s ——
lIzod tests made by the Materiel Center of the Army Air Forces, Wright Field.
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Table 3.--Summary of face and edge 1mpact toughness values for both notched and unnotched specimens .
of laminated birch. 3 i
e :Number : . Unnouched 2 Notched
Type of specimen o e e LR S bl R RS S S0 e s IR \
ipanels=: PFace impact : BHige impact : Face impact : Edge impact
f ! Rela- : : Rela- 1/ Rela- @ : Rela-
: iIn.-1b.: tive :In.-1b.: tive (:In.-1b.: tive 2In.-dbo: tive .
: ; : : :percent: :percent: :percent: ‘percent
High notch sensitivity: : : 3 : : 3 | % 3
Treated: water-soluble resin |: 3 : : J : g | 4 $ ‘
Dried: normally Gyt lgE B 100,07 915081 95.60: 138.3 1 MO0 1 33.0 ¢ L4
Compressed: partially § 3 3 i 3 : : :
Treated: water-soluble resin |: : : ¥ : : : L .
| Dried: excessively {6 °: 109.21:100.0 ¢ 126.6 ¢ 115.7 ¢ (ug.M s WUIZ ¢ 2218 : 22.8
Compressed: completely H $ : X 4 ¢ i d i
LR T S e R T S et tRi :102/5 s 10010 ¢ 109.0 ¢ 105.6: ‘43.3 % U2l 2790 27.62
Medium notch sensitivity: : ? : g 1 : : H
Treated: water-soluble resin |: : : 3 3 : e 3 :
Dried: normally g 74106315 00,0 1106, Arin0 e 55T 150 HIE S8 3.1
’ Compressed: completely § ¥ i | 3 - : 3 $
‘ Treéted: water-soluble resin |{: : s $ $ . y i b
| Dried: mildly L L 1D 00 TR0 0T 1L 1 1P0 T 10N g 86519 i BLLG W BB b 25.4
Compressed: completely : : : - H : : #

with plasticizer

Treated: water-soluble resin:}.

Dried: normally 6 c137.2 ¢ 100.0 & 132.% : 965 : 54,2 : 39.5 : 289 : 21.0
Compressed: completely : . 3 s : § B 3
AVErage ....ouovas. Sesn e © 123.8 : 100.0 : 122.8 : 99.3 : 58.6 : 47.8: 32.6 : 26.82
Low notch sensitivity: : : & 3 $ : t : H
} Untreated, uncompressed.......: 10  : 119.7 : 100.0 & 99.8 : 83.5': 66.8 ¢ '55.8 + 5& 3 i UB. T
Surface treated: water- b 3 § 8 . 3 : § i
soluble resin 3 H b H : 3 -\ g 3
' Dried: normally ST g Y00 s 122,02 186, s 92,7 - BRLT s BRI hEIE
Compressed: completely § b H 4 3 : il : -
Treated: spirit-soluble resinf: : p : - 4 : 3 ¢
Dried: normally : L L T S B R R S e
Compressed completely : : H Y : g H § H
Average ....... o R e ST Ui 6 s 100.0, 1 119,35 B9:2 1 TB%c BT Rl a e
———————————————————————————————— e o e e e et S b b e S L A e e Ll e et
| I Grand average. ..l ..ol Ly e e 0010 AR VR (e T 33.62
i Grand average (corrected in : i v ) : { A : 4
Ehlckneas for depth of noteh).ivas ety iy PIOUO S s v TRl el st g el LR e

1
—Bach value represents 7 tests per panel.

2
—Assuming value for notched face impact as 100 percent, notched edge impact has a relative

; value of 65.4 percent. :
3 Y

“Assuming value for notched face impact as 100 percent, notched edge impact has a relative
value of 55.5 percent.

—Agsuming value for notched face impact as 100 percent, notched edge impact has a relative
value of 78.8 percent.

5-Assuming value for notched face impact as 100 percent, notched edge impact has a relative

value of 67.8 percent. .
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. Table 4.--Impact resistance of specimens notched on a molded face
compared to similar specimens notched on a cut face

: Average specific gravity $

. . .

H * : 2 L
Impact value (in.-1b.) notched on a molded face™

.
.

1 2043 ' 36.2 : 53BN 95.0 5
2 PoNES v SRS 66l Q7B 3 63.5
3 Sy 8 R T R R B | L 65.5
L : S e A o) 115.9 s 85.1
5 2 g 4.3 v 58T 92,2 1 52,1
é 69.2 83.9 : 0Ll A 97.8
Average.......; 37.4 ; 54,1 ; 69.0 ; 108.6 ; 63.5
Imnac% value (in.—lb.) Aotched oé a cut facé;

| : : : : :
} 1 s Ll Bl 52.2
2 s T R S R R 0 T o5t 614—.5
| 3 C o O N B R TR L b S 67.1
i L" : b H 603 H 80.1'" H 120-2 H 95.6
| 5 Sl SRR G e e e T e TR e APk
| 6 R %t e T TR R Y 9%.5
i Average....... ; 35.4 62,9 ; s ; 110.0 ; Y7

e oo o
o

1 :
—Ten specimens tested from each panel.
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Table 5.-—-E_ffect_ of drying conditions on the notched toughness 3 ’

Panel number ¢ Drying conditions ::Specific ¢ NWotched
(see e e gTAVitY ¢ toughness
fig. 5) : Temperature : Time 3 -
: i % : : 10 G IKeR,
Drastic Drying
8 s 170 ¢ 9 hours : L8 Lo 3549
10 s 170 : 9 " : 1429 : 29.2
13 g 170 i B $ov X635 55.8
14 : 170 ey R : 248 3 58.4
T A8 156 3 L ¥ 1.31 50.6
170 £ en i e 3
9 s 225 ¢ 100 min, : 129 I3 Lo .4
| Y : 3o 3 3
12 $ 150 &gans | 2 1,81 3 35«2
| : 300 R : :
\ e . . . .
3 s :
Mild Drying
3 8 120 ¢ 16 hours R T R 55.8
: 170 2 | o 1 :
2 § 170 : g 7 e e 61.8
3 : 80 1 6 days O TR LR 63.1
: 170 3 L hours : $
o E 130 H @ £ ok 6l .4
: 150 : & o 3 t
6 1 120 § g A T 70.6
7 | & ah : 6 days : L 66.7
L 175 : 3 hours £ R 67.3
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. Table 6.--Effect of curing conditions on the notf'hed tougkr ess of
laminated birch

: Number: Curing conditions :Specific: Wotched
Treatment R 0f e gravity: toughness
panels:Temperature: Time

..

- e o s o it e 8 e e i e

G S r o Tty
Untreated. oo 00t $ug b SRR - 73.6
12 e S e ] : ik 300 0 e 68 8 60.5
Tl e g SRRl N 300 e e 96.7
TR e Iy T ARG w A N 90.3
Resin treated™.....3 2 ¢ 300 30 AW 58.6
CC T NS e e R e L T e b7.2
R TR e By 300 $ oo he LG 62.7
IR SRR & 4 350 030 0 188 4 60.2

l35 percent of Bakelite BR15100 on the basis of the dry weight of the
untreated wood.

Table 7.--Effect of plasticizer on the notched touchness of resin
treated: birch comnres :

.

Time of drying before pressingz

¢ 9 hours '16 hours at 120° F.: 4 hours : 16 hours
s A% oy mL o i hours st 1ye> K. at 170 B, & o 1209 W

—_——— e e

Percent L In,-1bs ¢ In.-1b. orlgecdn o TRl

0 TR 55.8 gy R

10 : 60.1 : 58,5 : : =64.8
A5 . 62.6 s 55.6 : :

lbo percent Bakelite BR15100 on the basis of the dry weight of the un-
treated wood.

gBakelite 1363-126, percentage based on weight of resin solution.
3Panels pressed at 1,250 pounds per square inch for 30 minutes at 300° F.
i

—Average of 16 panels (20 tests per panel).
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Table 8.-—~Effec_:t_o£ moisture content of veneer (prior to pressing) on ] ‘
the notched toughness: ; '

Resin content= : Preconditioningi § Specific’ ¢ Notched
¢ relative humidity : gravity ¢ toughness
Percent : Percent : st Tl B
0 : 30 : 1401 : 91.1
0 : 65 : yirs i & : 90.3
15 : 30 : 1.20 : 233
15 1 65 ¢ 1,18 - 25.6
30 : 30 : 1.34 : 61.4
30 : 65 : 1.35 : 69.7
bs : 30 § 1438 ¢ ey
| 45 i 65 . . 3 1.36 3 61.9
| . : :

13
“Each value is for the average of 10 specimens from each of three
different panels cured at 350° F. for 30 minutes.

gResin Bakelite BR15100, resin content on basis of the dry weight of
the untreated wood.

330 percent relative humidity gives 6 percent moisture content; 65
percent relative humidity gives 12 percent moisture content.

Mimeo. No. 1386
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| : Figure 1.--Relationship between notched toughness and Izod values of
normal wood, compressed wood, and compreg.

150

140 o

/30 _ : . r/

120

Y
N
N
N
N

(W)
(S
AR
N\

foo

T

T
A-BAKELITE 1623 f}__,_—/

1
/i/;l—BAKELITE o6
80 T

55
70 '/ / D—‘u’, z " 4
AJDUREZ /2333 —5
60 =t =
W~ COMPRE GNfTE’_,/O‘

N,

0
S

-BAKELITE 15100
N CIRCLES) —

|
o)
A

50 = — T
| L g -W-DUREZ /2292

40 ] _———

NOTCHED TOUGHNESS (I

30

20 Ot

10

g 0
L0 40z 104 (06 (08 110 4/2 L/4 M6 (I8 (20 |22 )24 26 (28 (30 i32 [34: /36 /(38 I40
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Figure 2.--Relationship between the notched toughness and the specific gravity of compreg when
made with three alcohol-soluble resins (A) and three water-soluble resins (¥). Resin com-
tenta on the basim of the dry weight of the untreated wood are: A - Bakellte BV16238, 28.5
percent; A - Bakelite BV10678, 27.1 percent; A - Dures 12333, 26.3 percent; ¥ - Compregnite
(Oasein Co. of America), 2L.0 percent; W - Bakelite BR15100, 25.2 percent; W - Durez 12292,
28.7 percent. The treated veneer was in all cases dried for 18 hours at 120° F., pressed,
. and cured under different pressures for 30 minutes et 300° ¥,
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Figure 3.--Relationship between the notched toughness and the specific gravity of wood for aif-
ferent resin contents. Open symbols indicate specimens made by normal procedure of compressing
plies while assembling panel. Solid symbols indicate specimens made by precompressing indl-
vidual plies prior to assembly, thus making possible more uniform compression of all the plies.
Bakelite BR15100 resin was used. The resin content in each case was based on the dry weight
of the untreated wood. The treated veneer was dried for 18 hours at 130° F. The plies of
impreg panels were cured for 15 minutes at 300° F. in a continuous roller drier, after which
the plies were assembled and the panels pressed and cured under different pressures for 30
minutes at 300° F.

80
70 6
~
Q 7
e MILD DRYING CONDITIONS — 5
3 f;
60 /"‘( 7]
v / <49
by QL /3
2 L
% 50 ] @// '/
b ‘(
o
R |_—"| “~DRASTIC DRYING CONDITIONS
Q
L) 40 9 //
3 'YA
K ®s
Jo
10
20 : ;
126 £27 128 129 130 L3/ 132 L33 134 135 136
SPECIFIC GRAVITY OF COMPREG
Figure 4, --Relationship between the notched toughness and the specific gravity of compreg “
made under different drying conditions with 40 to 50 percent of Bakelite BR15100 resin on
the basis of the dry weight of the untreated wood and cured under a pressure of 1,250
pounds per square inch for 30 minutes at 300° F. The drying conditions used for each of
the numbered symbols are given in table 5.
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Tigure 5.--Relationship between the water absorption of compreg (Army Air Forces Specification

Fo. 15065) and the specific gravity for the specimens of figure 2 (see fig. 2 for description).

Specimens.3 by 1 by 3/€ inches (1 inch in fiber direction) were sosked in water for 2l hours.

A and W designations are the same as in figure 2.
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Pigure 6.--Relationship between notched toughness and the specific gravity of compreg
: made from 1/8-inch, rotary-cut, cottonwood veneer with and without diammonium acid
. phosphate added to the treating solution. All panels contalned 28 percent of
Bakelite BR15100 resin and the phosphate-treated samples contain 3 percent of the
salt, both on the basis of the dry weight of the untreated wood. Solid symbols
.. indicate specimens preheated to 220¢ ¥. for 10 minutes before pressing. . All panels
‘ were cured under different pressures for 30 minutes at 300° ¥; -
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Figure 7.--Relationship between the notched toughness and the moisture content at time of
testing of uncompressed laminated birch dried under three different conditions and pre-
conditioned at two different relative humidities.
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Figure 8.--Relationship between the notched toughness and the relative humidity at which the
specimens were conditioned prior to testing. The & percent relative humidity values were
for samples dried at 150® F. for 2 to U4 days, giving a moisture content of the untreated N
specimens of 2 percent. The progressively increasing values of notched toughness of the
resin-treated materials are due to the increased specific gravities rather than to the
" increased resin content. )
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