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Abstract

i

Satisfactory metheds were developed at the Forest Froducts Laboratory for
uniformly impregnating, drying, and curing pulpboard for core materials for
sandwich construction,

Highest strength eore materials in the 0.10 to 0.20 specific gravity range
were those prepared from uniformly impregnated pulvboards that contained

'a wide range of coarse and fine groundwood fibers and 40 to 50 percent of
an 0il-modified phenol resin., This type of core material resisted weather—
ing and attack by decay organisms to a much higher degree than did balsa
wood,

The strength properties of the pulpboard core material were essentially
equal to the original requirements suggested by the ANC Subcommittee on
Wood Aircraft Structures, August 10, 1943, but the flatwise compressive and
tensile strengths were below the revised requirements set up by the AAF
Materiel Command, August 19, 1944, ' \
i

- Introduction

The simplified structural designs, greater rigidity, and reduced weight made
possible by sandwich~type constructions were believed to warrant considerable
investigation directed toward the development of materials best suited for

lSpe01al acknowledgemeht is made to J, O, Blew, Jr,, H. W Elckner J. P
Limbach, of the Forest Products Laboratory and to €. '€, Moses, Bureau of
Plant Industry, Soils & Agricultural Engineering, for valuable assistance
received in the preparation of this bulletin. -
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construction of this type. Several useful face materials such as the

light metal alloys, plywood, and certain high-strength plastic laminates,

are available for sandwich constructions, Balsa wood and lightweight
synthetic materials, such as expanded cellulose acetate and expanded rubber,
have been used as cores in sandwich constructions for aircraft., These core
materials, however, leave much to be desired with respect to availability,
cost, and physical properties., Although the optimum physical properties of
.an ideal core material have not yet been established, Army aircraft engineers
have recognized certain minimum requirements necessary in core material to

be considered for use in aircraft applications, These engineers have indi-
cated the most important properties to be high modulus of rigidity and low
specific gravity., The maximum for specific gravity was set at 0,20, and
later lowered to 0,15, Satisfactory compressive, flexural, and tonsile
strengths, modulus of elasticity and modulus of rigidity were also considered
basic requirekentes, Uniformity, durability, and low cost were other factors
requiring consideration,

A resin-treated pulpboard core material satisfies these requirements in
many respects, The sultability of this core material for use in sandwich
‘constructions was demonstrated by several experimental samples made in
single and double curvature es well as flat-shaped panels (figs, 1 and 2),
It is believed that uniform core material of this type could be preduced
commercially in large quantities with only slight modification of existing
manufacturing equipment,

The investigations covered by this report were conducted at the Forest
Products Laboratory in cooperation with the ANC Subcommittee on Wood Aircraft
Structures and were directed toward the development of resin~treated pulp-
board core material having properties that would meet ‘the desired tentative
strength requirements set up by the AAF Materiel Command, August 10, 1943,
and revised, August 19, 1944, :

Suitable methods for impregnating the pulpboards with resin and removing
resin solvents were developed, Experiments were conducted to determine the
important variables and their effects on the materials produced, Core
materials containing various types and mixtures of pulp fibers were prepared
and tested to determine the best pulpboard composition, - Commercial and
experimental pulpboards were impregnated with various resins, including
water-seluble, spirit—soluble, and oil-modified phenol resins, to determine
the most suitable type of resim and the best proportions of resin and

fiber, Preliminary tests were conducted to determine the durability of the
experimental resin-impregnated pulpboard as compsred with balsa wood,

The earlier experimental core materials were evaluated on the basis of edge~
wise compressive strength, resistance to bending, and medulus of rigidity.
In accordence with the revised requirements of the AAF Materiel Command,
later core materials were alse evaluated on the basis of tensile strength
normal to the faeces, The experimental work covered by this investigation

1s described in this report.
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Description of Basic Materials

Commerclal pulpboards with a specific gravity of 0.17 were obtained from °
a manufacturer of -insulating material, Significant directional properties
due to the manufacturing process were displayed by the material, Hand- - .
made experimental pulpboards composed of aspen groundwood, cooked aspen -
groundwood, ‘and foamed chemical pulp having specific gravities of 0,03:to.
0.12 were secured from the same manufacturer. -

Experimental pulpboards made at the Forest Products Laboratory with specific
gravities ranging from 0.09 t0°0.12 were composed of various proportions

of coarse:and fine aspen groundwood pulp, cooked aspen groundwood,: kraft -
pulp,  and mixtures of aspen:groundwood and kraft' pulp, These pulpboards.
were formed:'from pulp suspensions in a sheet mold approximately 12 inches
square, ; ot

All experimental pulpboards:produced in'a:sheet mold were essentially iso=
tropic in the plane of the board by virtue of the method of formlng. ’

Balsa wood: used for COmparison in' the tests of: durabillty was’ obtained
from stock at the Laboratory and had a specific gravity of approximately
0,086, : ma fr = FEE

Fifteen different resins or combinations of resins were used for impreg~
nating the:pulpboards. : An additional resin (Resin M) ‘was used in making
some -laminated'specimens. The following resins were used: :

A== spirit=soluble .phenol'resin, catalyzed,.
B == 'spirit-soluble phenol resin modified in manufacture
with 20 percent of a nonvolatile oil. . ?

—— spirit-soluble phenol resin.

— §pirit—soluble: phenol resin; - -- g
== spirit—soluble phenol resin. i 8 e

resorcinol iresin, ] Fiar AL

-~ 8pirit—soluble phenol resin,
~m.Wwater-soluble ‘phenol ‘resin, »
~= mixed . resin, 67 percent gil-modified, spirlt-soluhle

- phenol resin .(B); 33 percent water—séluble phenol (H)
mixed ‘resin, 67 percent oil-modified, spirit-soluble

phenol -resin (B); 33 perCent spirit-soluble phenol (G),
~- phenol resin,
~—~ cold-setting urea«formaldehyde resin,
== jpolyester styrene. 4
‘tetraethylene glycol dimethacrylite i
= -styrene-base resin, : o e A 1 e
~—-¥inyl  butyral, 195 s . afgh ; ¥

NG Mo EED o
l |
i

IROTS, PN
f
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Impregnating, Drying, apd Curing Procedures

Production of satisfactory resin«impregnated core materials required (1)
the development .of methods for uniformly distributing the resin throughout
the pulpboard, (2) maintaining a wniform distribution of resin in the pulp-
board while removing the solvents, and (3) a cure treatment to advemce the
resin to its insoluble and infusible stage.

Impregnation

Impregnation of the pulpboards was accomplished by two different methods,
The first consisted of immersing the pulpboard in a dilute resin solution
to obtain complete saturation, lifting the board from the bath, and forcing
the excess solution out with a current of cool air, This method assured
complete penetration of the pulpboards by the resin solution, The resin
content, however, was difficult to control in this method, and the dilute
resin solutions required for impregnation increased the migration of resin

' toward the surface during the drying cycle and also caused excessive loss

of resin and solvent,

The second method consisted of applying a definite amount of resin solution
to the pulpboard and allowing it to diffuse through the pulpboard in a
closed chamber until a uniform distribution of the resin was obtained. In
this method, the exact amount of resin required to produce the desired
density was diluted with the minimum amount of solvent required to dis-
tribute the resin throughout the pulpboard., This solution was then uni-
formly applied to one surface of the pulpboard by means of a spray or
shower or by placing the board on a film of the solution in a level tray
(figs, 3 and 4). The treated board was then placed, treated side up, in

a closed chamber to permit the solution to diffuse uniformly throughout
the pulpboard without appreciable loss of the solvent, Impregnation with
moderate amounts of phenol resin (35 to 50 percent. of the weight of the
finished board) required a ratio of solution to pulp of about 2 or 3 to 1,
by weight, Impregnation of pulpboards with larger amounts of phenol resin
or with other more viscous types of resin required higher ratios to insure
satisfactory resin distribvution,

Drying

Since ordinary kiln drying methods caused excessive migration of the resins,
it was necessary to devise special drying methods for removing the solvent
from the treated pulpboards. In one method, the migration of resin was
minimized by supporting the treated pulpboard in an enclosed frame and
passing & current of warm air through it alternately in one direction and
then in the other, Although this method was effective in most instances,

1t required. a large volume of warm air and did not entirely stop resin
migration in pulpboards that had irregular fiber formations, A simpler
method, which was used in most of these investigations, allowed the solvent
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te evaporate slowly from alternate sides of the treated pulpboards at

room temperature, This was accomplished by placing the treated pulpboard on
a partially enclosed, nonabsorbing surface and inverting it at regular
intervals (fig. 5). After the amount of solvent remaining in the boards
vas reduced to about 10 percent, the drying was completed in a kiln at about
1400 F, | o "" '

Curing

The final cure of the resin-impregnated pulpboards was accomplished by
placing them between the platens of a hot press (fig. 6). Accurate thick-
nesp and densities were obtained by the use of stops in the press, The
temperatures recommended for curing paper laminates made with the same
resins were used in general for the pulpboards; additional time was allowed,
however, for thorough heat penetration., A heating period of 45 to 60 minutes
at 160° C, was generally satisfactory for curing the phenol resins.

Effect of Varjations in the Freparation of Core
Materials on Strensth Fropertics

Effect of Various Methods of iggreggation,
Drying, and Ouring

In order to compare the effect of various resin impregnating and drying
methods on the strength of the final core material, aspen groundwood pulp-.
boards of the same composition were treated as préviously described, namely,
by (1) immersing in the resin solution, blowing out the excess solution
with cool air, and drying with a current of warm air: (2) diffusing the. .
desired amount of resin ‘solution into the pulpboard and drying in e current
of warm air; and (3) diffusing the desired amount of resin golution into
the pulpboard end drying by exposing alternate surfaces to the air. All

of these treated pulpboards were then cured as described in the preceding
paragraphs and shown in flgure 8. The mechanical properties. of these core
materials, determined according to the Procedures described 'n Appendix A,
and given In table 1 show that the results obtained from the three varia-—
tions in treatment were not greatly different.

Effect of Concentration of Resin Solution

Iypical strength values of aspen groundwood pulpboards treated with various
résin concentrations of from 21 to 33 percent by application of exact - .
emounts and dried with a current of warm air are given in table 2, Except
for plate shear values, which increased with increasing dilution of the
impregnating solution, the concentrations of the resin solution used in this
study for treating the pulpboards did not have a significant effect on the
strength of the resulting core materials. P PR
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‘Effec%fOf'thiﬁg Teéﬁéféture;

Core materials containing 0il-modified phenol resin were cured at 160°
and 175 C. for a period of 45 to 60 minutes, depending on the thickness
of the core, Under these conditions the pulpboard apparently remained
somewhat thermoplastic. The data given in table 3, however, show that the
strength values were not improved by using the higher cure temperature,

Sultability of Various Resins

Experiments involving commerc¢ial and laboratory pulpboards treated with
resorcindl, water—soluble phenol, and various spirit-soluble phenol resins
were made to determine the suitability of the resins and their effect on the
yroperties of the core material, Pulpboards treated with a phenol resin
modified with 20 percent of a nonvolatile oil Resin B produced some of the
highest ‘streéngth properties obtained, The mixed resins, J and K, gave
results similar to Resin B in the experimental pulpboards, The results of
these tests are given in table 4, The specific gravity of all the com—
'mercial pulpboards was above the maximim set by the AAF Materiel Command

and the ANC Subcommittee for aircraft.

In other experiments, aspen groundwood pulpboards .were treated with contact-
type resins including Resins N, O, P, and R, These resins were not found

to be suitable because of the poor quality of the board obtained, and data
are not included in table 4, Inhibition of cure in the presence of air and
the excessive amounts of solvent required to obtain adequate resin distribu-
tion were factors contributing to these results. ° : -

Effect of Resin Content

Experimental aspen groundwood pulpboards were treated with various amounts
of an oil-modified phenol resin (Resin B) to produce final resin contents
in the cores of 47, 42, 38, and 33 percent of the total weight of the pulp-
toard when dry, During the curing cycle, these treated pulpboards were com-
pressed to different degrees to produce material having equal specific.
gravity (about 0.20), The highest specific edgewise compression, flexure,
and plate shear values were obtained in the cores that contained about 42
‘percent of resin and that were compressed about 22 percent, The specific
flatwise tensile strength, however, increased approximately in proportion
to the resin content. Test data obtained in these experiments are given

in table 5, series A, e

Other experiments included aspen groundwood pulpboards treated with 35, 46,
and 53 percent of oil-modified phenol resin and compressed equally (8 per—
_cent) to produce specific gravities of 0.14, 0.17, and 0.20, respectively.
Except for the modulus of rigidity, the specific strength properties, '
rarticularly the specific tensile strength, of these core materials increased
in proportion to the resin content, as shown in table 5, series B. This
indicates that the specific flatwise temsile strength is increased by
increasing the resin content but is less affected by the specific gravity or
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the amount the board is c@a@feSSed The effect of den or: specific I
gravity on gtrength is wlB8 shown in this test seried, All“the specific '
strength properties, except modulus of rigidity, were highest at the
highest resin content, (53 percent) &t which the specific gravity was also
highest (0,20), In the preceding test series, when the pulpboardd wsre
compressed dif erent amounts t0 bring them all t0 & epecific gravify of
0,20, the opt resin content was 42 percent.

Effect of Composition and Structure of Pulpboards

In preliminary experiments it was. found: that the densitié% of most of the
commercial insulating pulpbﬁards were too high, Consequently, when they
were impregnated with amounts of resin required for the best strength
properties, the resulting core materials were above the maximim density
permitted by ANC requirements. Therefore, a sheet mold was constructed

(fig, 7) 3n which small (10~ by 10~ by 1/2-inch) experimental pulpboards,
with specific gravities in the range of 0.09 to 0,12, were prepared.

Larger panels of exporimental pulpboards (4 by 4 feet) in the pame specific
gravity range were obtained from a commercial source. HRe#in-impregnated
pulpboafd core materials were prepared with diffeérent pulprDOds of veried:
fiber sizes to determine suitable pulp types, fiber sizes, and formations
necessary to produce core materials with the highest strength within the |
density rénge reqnlred Addition of kraft fiber in amounts from 10 to 40
percent to aspen. groundwood was tested for effeot of kraft fibers 6n strength,

The strength properties of core materials prepared by impregnating aspen
groundwood, ' cooked aspep groundwood, and foamed chemical fiber pulpboardg:
are given in table 6, These results show that the highest strength values
were Obtained with the comparatively stiff aspen groundwood pulp, though' -
none of the pulpboards met the ANC minimum requirements im all properties.
Resin content of about 40 percent scemed t0 be the optimum.

Expermm“nﬁél:pulpboards composed of kraft fibers alona were t00 dense to
permit impregnation with substantial amounts of resin., Pulpboards composed
of mixtures of screened aspen groundwood and up to 40 percent of kraft fiber
and impregnated with 40 percent of phenol resin had specific gravities ..
between 0,20 and 0,21, It is shown in table 7 that the strength. propertles
of these materials were improved in proportion to the amount of kraft fiber
uged, thoﬁgh the difference between results with 30 and 40 percent. kraft

was not .80 great,

Low-density pulpboards were prepared from aggregates of aspen groundwood
pulp passing secreens of various siues and also from mixtures of

screened, groundwood with up to 4 cent of a paper-making‘ rade of ground~
wood, . ‘Ife tncrease in demsity of :pboards produced by the addition of
fine fibers limited the amount of paper-making groundwood that could be. used,
These pulpboards were treated wlth.phenol resin, ; ; C .

The strength.values obtained on the core materials prepared withﬁvarious
screen fractions of the pulp are given in table 8, These results show that
very léw strengths were obtained with codrse fibers alonse (40- %0 20-cut)
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and that the strength of core materials improved with increasing fineness
of the fiber aggregate, Pulpboards made with whole stock had higher com-
pressipn strength values than those made with uniform pulp, either coarse
or fine or specific mixtures of coarse and fine. The addition of fine
fibers: to coarse fiber aggregete pulp up to 25 to 30 percent also improved
the pulpboard strengths, as shown in table 9.  In other experiments, it was
found that the removal of extremely large splinters from the groundwood
pulp reduced the spread in test values between individual boards but did
not ehange the average strength values,

The methods used to prepare both the commercial and experimental pulpboards
produced a high degree of orientation of fibers in a plane parallel to the:
faces, as shown in figure 8, This orientation of fibers was. also shown

by the fact that ultimate edgewise tensile strengths were 175 to 265 pounds
per square inch, whereas ultimate flatwise tensile strengths of typical
core materials were 35 to 50 pounds per square inch, These strength values,
were reversed in laminated pulpboard core materials prepared by cutting the
dry, resin-treated pulpboards into strips of suitable width and clamping
them together, face to face (fig. 2), using various bonding methods, The
flatwise tensile strengths of these laminated boards, given in table 10, are
approximately the same as the edgewise tensile strengths of the original
boards, .

Strength Requirements for Core Materials

Tentative strength requirements for core materials as suggested by the ANC
Subcommittee on Wood Aircraft Structures, August 10, 1943, are given in
table 2.. Also shown in this table, the board treated with a 21 percent
resin solution fulfilled the density requirement and exceeded the compressive
strength, modulus of rupture, and modulus of rigidity requirements, dbut

had 88 percent of the required modulus of elasticity in bending. Therefore,
it is indicated that the strength requirements of the ANC Subcommittee on
Wood Aireraft Structures were essentially met by this board,

The AAF Materiel. Command, revised their tentative standards for properties
of core materials on August 19, 1944, The revised minimum properties C
included: a specific §ravity in the range of 0.05 to 0,15, specific flat-
wise tensile strength™ of 2,000, specific flatwise compressive strength of
1,000, and specifié modulus of rigidity of 40,000. Although the resin-:
impregnated core materials in general excceded the modulus of rigidity
requirement by approximately 50 to 200 pereent, their flatwisc tensile
strength was only about one-tenth of that required, Reorientation of the
fiber structure of the core materials by face-to-face lamination’ increased
their flatwise tensile strength to about 75 percent of the required value.
.at 0,18 specific gravity and to about 60 percent of the required value at
0.16 specific gravity, as shown in table 10, On the basis of these results
it is not considered likely that the revised tensile strength and density
requirements can be met by further improvements in the materials or methods
used in the preparation of resin-impregnated pulpboards,

gStrength values derived by dividing strength in pounds per square inch dy
the specific gravity of the material,
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. Durability of Exgg;iméntal Pulpgoard'Core Material

At the request of the ANC Subcommittee on Wood Aircraft Structures, explora—
tory tests were made to determine thé resistance of reain~impregnated pulp=-
'boards, as compared with balsa wood; to séme of the cpndit1ons to.which they
might be exposed in actual service, These fests “{ncluged’ exposure to cycles
of high and normal témperatures, exposure to cycles of -high and normal.
humidities, continued exposure to moist soil, cont inued. exposure to wood—
destroy1ng organ1sms, and exposure to cutdoor atmospher1c conditions such as
prevail in Madison, Wisconsin, : The material seleéted for these tests was
made with aspen groundwood pulpboard treated with approximately 50 percent
phendl résin (Resin B), -
The results oP the four phases of the durab1lity tests are given in the
following: discussion and in Appendix B, In' general, the resin—1mpregnated
pulpboards wefe found %o retain their original propertles under severe
exposure conditions longer than balsa.

'

Zggpgggture and Humidity Cycle Tests:

The actual conditions of the femperature and mimidity ¢ycles and the percent
change with respect to the initial values of core. materials retained at two
midcycles and two complete cycles are given in table 11, With respect %o
resistance to high temperature, the pulpboard was equal to balsa in retaining
ité strength, distinectly better 1n we1ght fluctuatlon _and sllghtly better
in dimensional stabil1ty.

The exposure of pulpboard cores to cycles of high and moderate humidities
produced a lower strength loss: but & slower recovery of original strength -
than in balsa, probably because of a lower rate of absorption and loss of
moisture, Pulpboard cores showed less weight fluctuation and slightly
better d1men51onal stability than balsa under these conﬂ1t1ons. .

Soil Exposure Tests

In the soil exposure test a number of specimsns of balsa and pulpboard cores,
approximately 3/& by 4 by ;12+inches, were placed vertically in the groéound -~
to about one-~half of their length at Madison, Wisconsin, One duplicate set
of specimens of each material had cut edges of the gspecimens protected by
coating with wh1te lead and two coats of aluminum’ paint.

Examination of the ‘soil test specimens at the end of 1 month!s exposurxe,

showed considerable softening and some appearance of decay delow ground in

the Unprotected ‘balsa due pr1ncipa11y to moisture absorption. The unprotected
pulpboard cores showed no appreciable weakening or tendehcy to break  down-

but did show some softening due to.mdisture, The condition of edge~protected
specimens of both materials was somewhat better than that of the unprotected .
specimens, as shown by less softenlng, especlally neéar the edges,

b
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At the end of 3 monthé' exposure to so0il, all the specimens of balsa wood
showed considerable decay atthe ground line and were considered unservice—
able, At the same time, the specimens of pulpboard core were softened by
moisture, and several broke off when light pressure was applied. No
centralized softening due to decay was observed, and cross sections of
broken specimens indicated a sound condition.  No difference in the speci-
mens with and without edge protection was observed.

Exposure to Wood-destroying Organisms

In the test of resistance to wood-destroying organisms, duplicate sets of
3/8~ by 1~ by 2-inch specimens of pulpboard core material with and without
protection of cut edges and similer duplicate sets of specimens of balsa
wood were exposed at room températures to various micro-organisms in bottle-
type tests., Details of the conditions and results of these tests are given
in Appendix B, table 12, The average welght losses sustained by the speci-
mens under the various exposure conditions indicated that the pulpboard
,core material was considerably more resistant than balsa wood to wood deeay
organisms,

Natural Weathering Exposure Tests

Two specimens of pulpboard core material and of balsa wood, each with and
without edges protected, were exposed to0 natural weathering on the test

rack on the roof of the Laboratory building (figs. 9, 10, and 11), After

an outdoor-exposure period of 6 months the pulpboard appeared sound but was
dark in color and slightly cupped. After the same exposure the balsa speci-
mens were sharply warped and appeared pithy and light in color and were

much softer than the pulpboard cores, After 21 months' exposure, the pulp-
board still appeared sound and only slightly warped, while the balsa wood
was very badly weathered (figs, 9, 10, and 11).

Conclusions

The conclusions reached as a result of these investigations are:

(1) Core materials having the highest strength properties were prepared
from pulpboards that contained a wide range of coarse and fine groundwood
fibers uniformly impregnated with from 40 to 50 percent of an oil-modified
phenol resin developed, in general, the better properties,

(2) The proper proportion of the different fiber sizes and orientations of
the fibers in the pulpboards is more important than the type of phenol resin
in producing high-strength core materials.
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(3) The resin-impregnated pulpboard is distinctly superior to balsa wood

in resistance to decay organisms, moisture absorption, and dimensional
stability at highhumidities, and is equal to balsa in weight and dimensional
stability at high temperature. The loss in strength of pulpboard core
materials is not so rapid as the loss of strength of balsa when exposed y
to severe conditions; such as contact with meist soil or extended exposure
to natural weathering.

(4) Some further improvement in the strength and durability of resin-
impregnated pulpboards may be possible; it does not appear likely, however,
that the flatwise tensile and compressive strength requirements of the AAF
Materiel Command will be met by modifications of the present materials and
procedures, .

APPENDIX A

STRENGTH TESTS

Preparation of Test Specimens

Pulpboard and balsa panels exposed to cycles of elevated and normal tempera-
tures and those exposed to cycles of high and normal humidity were conditioned
for 96 hours at 75° F, and 65 percent relative humidity prior to test. All
other test panels were stored at normal room temperature and humidity,
following preparation, and tested within 48 hours without preconditioning,

In general, pulpboard panels were first trimmed to provide specimens ranging
from 9 to 11-1/2 inches square, for modulus of rigidity tests, The ratioe

of length of edge to thickness was about 25 to 1., After obtagnlng shear
modulus data, four full length strips were cut from the central portion of
each panel to provide flexure, compression, and tension specimens as follows:
two strips, each 1 inch wide for flexure; one strip, 1 inch wide, to provide
two compression specimens, each 1 by 4 inches by original or molded thick- -
ness (t); and one strip, 1—1/2 inches wide, to provide five flatwise tensile

specimens,

Flatwise tension tests were made on dumbbell-shaped specimens in the standard
tensile grips used for molded plastic specimens. These specimens were pre~
pared by gluing wood strips to each face of a lvl/2~inch strip of pulpboard,
employing pressures of 10 pounds per square inch or less, in order to pre-
vent damage to the pulpboard. Test specimens having a 1= by 1l-inch net
section were then cut to shape on a band saw,
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Testing Procedure

Mechanical tests were conducted in accordance with procedures described
in Forest Products Laboratory Report No, 1555 entitled "Tentative Methods
of Test for Determining Strength Properties of Core: Material for Sandwich
Construction," February 1946, or as otherwise described,

All specimens, except panels exposed to cycles of high and normal tempera—
tures and humidities, were tested under ordinary room conditions without
preconditioning., No determinations of moisture content were made, and
specific gravities as given are based on weight and volume at test and
include whatever moisture was present.

Specific gravity values were, in gensral, determined from the weight and
volume of the trimmed panels prior to conducting the plate shear test. 1Ia
a few instances, where surface imperfections precluded the usefulness of
the whole panel, specific gravities were determined from the test welght
end volume of flexure specimens cut from the usable portions of such panels,

Modulus of Rigidity Tests

Modulus of rigidity data were obtained by means of the Forest Products
Laboratogy plate shear test, developed for measuring the shearing moduli

in wood,2 Ioad was applied to the surface of the material in curing-pressure
direction. The modulus of rigidity as determined by this method is the

same in all directions if the material is isotropic, Since sheet—molded
pulpboards are virtually isotropic in the plane of the thickness only, the
modulus determined in these flatwise tests is the modulus associated with
shear distortions in planes parallel to the faces of the panel, -Test
specimens were 9 to 11-1/2 inches square by 3/8 to 1/2 inch thick, the full
(sheet-molded) thickness. :

Edgewise Compression Tests

Edgewise compression tests were conducted on 1= by 4-inch specimens of the
material, with load applied on the machined edges of the pulpboard, that
is, in a direction.perpendicular to that of the curing pressure direction,
Specimens were tésted as laterally supported columns in a hydraulic testing
machine at a uniform rate of loading of 0,012 inch per minute. A 2-inch
gage length Martin's mirror compressometer was used t0 supply the deforma-
tion data.

Q"Method of Measuring the Shearing Moduli in Wood," Forest Products
. Laboratory Report No, 1301, June 1944,
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Flexure Tests (Modulus of Elagticity)

Flexure specimens 1 inch wide by (t) by 9 to 11-1/2 inches long, were

tested flatwise as a simple beam with center loading, over spans equal to

16 times the thickness of the material (6 to 8 inches). A few of the low~
density flexure specimens were 1-1/2 inches wide, Center deflections were
obtained by means of & 0,001-inch dial gage. Tests were conducted in a
universal testing maehine equipped with a scale for weighing load, and
operated at no-load speeds of 0.024 to 0,028 inch per minute. All specimens
were 80 positioned over supports that areas of noticeable irregularity
would not fall at or near the center of spean.

Two lengthwise and two crosswise flexure specimens were tested from a
number of experimental pulpboards to investigate the directional effect,
Differences in modulus of rupture of from O to 10 percent resulted among
specimens for a given direction, as well as between specimens from each
direction. Resulting differences between directions, however, did not
favor any one direction, These teats served to confirm the virtual iso~-
trophy of the experimental pulpboards in the plane of the thickness, and
to indicate the degree of variability of the materials as manufactured,

Definite directional properties were indicated for the commercial pulp—
boards reported in table 4, For these boards, the lengthwise (machine
direction) moduli' of rypture were from 20 to 40 percent greater than the
crosswise .moduli,  The reported compressive and flexural properties of
these commercial boards represent the average values for two 1engthwise
and two crosswise tests of each material,

Tensiod Tests -

All flatwise tension specimens were dumbbell-shaped specimens having a

1~ by l-inch net section. These specimens were tested for maximum load
only, at a uniform rate of loading of about 0,05 inch per minute, All
reported values of ultimate tensile strength represent the average of
four to six specimens tested normal to the plane of the faces, except the
values of the laminated pulpboards reported ip table 10, While these
laminated specimens were identical to the normal specimens in size, shape,
and number, their fiber orientation was such that the reported tensile
strength was analogous to the edgewise tensile strength of the original
material plus the strength of the adhesive material uged in laminating,
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APFENDIX B

DECAY RESISTANCE OF BALSA AND PULPBOARD CORE_MATERIALS

By

C, S. MOSES, Pathologist

Division of Forest Pathology—
Bureau of Plant Industry, Soils, and Agricultural Engineering
Agricultural Research Administration
United States Department of Agriculture

Introductien

Durability tests on balsa and pulpboard core materials were made ‘as part
of a Forest Products Laboratory research program on the characteristics of
several core materials for sandwich constructions. Most of the exposure
tests selected for this program were designed to duplicate insofar as
possible conditions that might be found in aircraft uses of such materials,
Although any accelerated laboratory decay test:. is likely to expose the
samples to more severe conditions than generally are met with in use, it
should be possible to compare the relative durability of the various
mater1als by the percentages of weight lost dur1ng exposure to fungus
attack, This was done in a preliminary way and the results are discussed
in this report.

Materials

The test materials were the following:

Pulpboard :
Pulp Fesin Specific
Code Percent Fercent gravity
2081~38 60 40 0,22
2081-43 61 i 39 21
2081~44 62 38 -2l

7

~In cooperation with the Forest Products Laboratory, maintained by the
Forest Service, United States Department of Agriculture, at Madison, Wis.,
in cooperation with the University of Wisconsin,
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The pulpbosrds were from the same 4~ by 4-foot panel and contained aspen
groundwood passed through a 40-cut screen (slots 0,040 inch wide).

The resin (Resin B) was a spirit-soluble phenolic resin modified in manu~
facture with 20 percent of a nonvolatile oil.

Balsa

The balsa specimens were taken from three panels, each of which was con-
structed of three strips of balsa, edge-glued with a resorcinol glue,

The balsa was s0 selected that the specific gravity of each panel was ap- °
. proximately 0.086.

Aspen

The aspen control specimens were taken from the sapwood of a pulp log of
Populus sp. .,

Test specimens 1 by 2 inches were cut from all this material, TFor the
wood samples, the grain direction was perpendicular to0 the long axis of
the specimens, The balsa specimens were cut so as to avoid any glue’ lines,
In the use of core materials it is assumed that they are. adequately Pro= -
tected along the edges against entrance of moisture and decay organisms,
Therefore, in this test, one-half of the specimens were edge-treated.
This treatment conaisted of one coat Of white lead followed after a drying.
interval by two coats of aluminum varnish, The aluminum varaish was mlxed
in the proportion of 1-1/2 pounds of aluminum paste, fine aircraft. grade

to 1 gallon of-phenolic resin varnish, :

Fungi used were Poria incrassata, P. microspora, brown-rot fungi, and
Polyporus versiecolor, a. white—rot fungus.

Method

All specimens were conditioned at 80° F, and 65 percent relat1ve humidity .
for 14 days until they were in approximate equilibrium, During this period
the edge treatment was applied to the specimens designated. The equilibrium
weight of ‘all specimens was recorded both before and after the edge treat-
ment. =

The test specimens were surface-disinfected by exposure t0 an oven tempera-
ture of 60° C., for 3 hours, :

The test specimens were sdded to pure cultures of the fungi growing on a
substrate of 1,5 percent malt agar in 6-ounce French square bottles. Glass
rods 0,140 inch in diameter were used to keep the specimens from direct
contact with the substrate, Other test specimens were buried for one-half
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to two~-thirds their length in potting soil inoculated with Polyporus
versicolor, All culture! Were incubated & room temperature.

The test specimens were exposad for periods of 1 and 3 months, They were
weighed and examined immediately after removal from exposure.

3

The specimens were reconditioned at 80° F. and 65 percent relative humidity.
They were in approximate equilibrium in from 1 to 3 months, and final
weights were recorded, A few of the specimens were also dried in an oven
at 103° C,

The percentage loss in weight, based on the approximate equilibrium weight
at 80° F, and 65 percent relative humidity was computed, Where specimens
were edge treated, the weight of the coatings was subtracted before the
computations were mads,

All specimens were examined and notes made on their condition.
Results

The: average loss in weight of the test specimens is given in table 12,
From these data, the following observations may be made: :

Aspen Wood Controls

The aspen wood controls were attacked by a11 fungi to a signficant extent _
even in 1 month, The greatest average weight loss, 74,7 percent, was sus-—
tained by the samples placed for 3 months in soil inoculated with Polyporus
versicolor., Evidently the fungus cultures and the conditions under which
they were incubated were conducive to good development, '

Balsa

In 1 month of testing only those specimens of balsa exposed to Polyporus
versicolor showed significant weight losses, Many of these specimens were.
visibly decayed, After 3 months of exposure, significant weight loss and
visible decay were caused by all fungi, Even specimens that lost 1ittle
weight usually had a few visible spots of decay. :

Losses in the edge-treated specimens exceeded those of the plain specimens
in -all exposures, except in the inoculated soil where the welght loss was
considerably less, The amount of weight loss was, in genmeral, confirmed
by macroscopic examination and handling of the specimen,
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Pulpboard

After 1 month, -only speciméns of pulpboard exposed to Poria microspora
showed a loss, and this was only 3,6 percent, At the end of 3 months
this fungus was st111 the cnly one causing consequential weight loss,
althovgh P, incrasgstz caused some loss., - Test specimens differed visibly
from reference -suwcimens only in being somewhat darker. When compressed,
however, the test: specimens were somewhat spongy, depending on the amount
of weight loss they had sustained., The external shell of the specimens
Sseemed more Or less intact, except for a few soft spots in the edges of
untreated samples, :

The "average weight losses in the specimens with sealed edges were about
twice those of the untreated specimens, This difference was not evident
when the specimens were compressed between the fingers, but more of the
specimens with sealed edges could dbe compressed,

Moisture content determinations were not made for all the specimens in the
test because of the uncertain effect of high temperature on pulpboard and
samples that had received an edge treatment. At the end of 1 month, it
could be stated that the average moOisture content of all test specimens
was above 30 percent.

Discussion

The computation method adopted for this test was used to avoid errors that
might arise from losses of the edge coating during oven drying. It appears
that this may amount to 2 or 3 percent. On the other hand, edge-treated
reference specimens maintained at 80° F. and 65 percent relative humidity -
for 6 months ghowed but little change in weight, Furthermore, the initial
equilibrium moisture content of the balsa specimens varied from 8 to 13
percent., The use of reference samples to compute the weight of the specimens
on an oven-dry basis would result in considerable error. It was felt that
the method used was the best one under the circumstances,

Under the conditions of this test, therefore, the average values show that
pulpboard core material is several times as resistant to decay as balsa,

It is also apparent that fungi are very specific in their attack on these
two materials, Practically, these materials when used in construction

might be exposed to infection from all these fungl and even many others

that might cause even greater weight losses., The present comparison,
however, gives a basis on which durability of the materials may be evaluated,

The considerable weight losses registered by a few individual pulpboard
specimens when attacked by Poria microspora should be further evaluated by -
strength tests, In observing and handling these speeimens, they appear to
be less affected than balsa specimens of considerably less weight loss,
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It should be mentioned that contaminating fungi appeared in a number of the
cultures during the first month of exposure. Aspergillus sp, was the one:
commonly encountered, This contamination was probably due -to the fact

that the samples were not exposed long enough at 60° C, Comparison of

the weight losses of specimens on pure cultures, however, results in the
conclusion that this inadvertent contamination by Aspergillus sp. did not
greatly influence the eéxperiment, If the presence of the contamination did
slow up the attack of the decay fungi, it would tend to broaden the differ-
ences shown in this test, since most of the contamination was confined to
the balsa specimens,

The greater weight loss suffered by the edge~treated specimens tested in
bottles is rather puzzling, . Because visual examination tends to support
these weight losses, it does not appear that these results are errors due
to the reaction of the coatings during the test. Perhaps the difference
is due to a more favorable moisture content of the sealed specimens, A
factor that should not be ignored in future investigations is the possible
stimulation of fungus growth as a result of the aluminum used in the edge
. treatment of the specimens. It should be noted that the weight losses of
the' soll-exposed specimens were greater for the untreated samples,

For comparative purposes at this time it is best to use the figures for
the untreated material,
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Toble le--Effect of various methods of resinetreating and drying on proper-

ties of pulpwood core material composed of aspen groundwood and

Resin B
Impregnating: Resin : Specific: Compression,  : Flexure, : : Forest
and drying :content: gravity : edgewisel. 5 flatwisel =~ iProducts
rne‘thod < s S e e VR A o o Labora—
. E :Ultimate:Modulus of:Modulus:Modulus of': tory
: 3 :strength:elasticity: of selasticity: plate
: : : B ;rupture: sshear -=
3 : : : g g smodulus
. ¢ : q ] : : E of..
: 3 : 5 5 D :rigidityl
:Percent: H P.S.i. b PoSol. $ P.S-l-: P.S'.i. : PoScic
) : : : ) H 3 i H
Immersed— _ : 3 J B 3 : :
and blowne : Uil . 0.19 1,830 : 308,000 : 2,480 : 242,000 : 128,000
Diffusedi 3 3 : F g 5 - g
and blowns : 46,3 : .19 1,840 : 318,000 : 2,500 : 26+,000 : 117,000
Diffusedi t 3 2 : : g
and 2 3 : 5 E F g
air—driedi-: 50.0 : .20 : 1,540 : 281,000 : 2,370 : 305,000 : 117,500

1
—Average absolute properties divided by specific gravity.
5 .

—Impregnated by complete immersion in resin solution and blowing out

solution with cool air.

2‘Dried by blowing warm air through the pulpboard,
n :

excess

—Impregnated by diffusing the reguired amount of resin throughout the pulp-

board,.

§Dried by exposing the surfaces to the atmosphere, alternating the exposed

surface at regular intervals.
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Table 2.-=Effect of concentration of resin-impregnating solution on the -
strength of pulpboard core material composed of aspen groundwood

and Resin Bl

Concentra~: Resin :Specific: Compression, 3 Flexure, : TForest
tion  :content: gravity: sdgewise= ; Platwises : Products
of resin : ] ¢ rmmmsvemm—mmm——awee (mmm—m e mmmmmmm— e = s Laboratory
solution : : :Ultimate:Modulus of :Modulus of :Modulus of: plate
3 :strength:elasticity: rupture :elasticity: shear =~
3 : g : g : : modulus
3 3 : : s : : of
. ! : : : :rigidity2
Percent :Percent: : PeSele ¢ Pesels ¢ DPessis : Paseie Pesyis
: : : H H < H
K : 46,0 : 0.19 : 1,800 : 308,000 : 2,300 : 2U5,000.: 107,000
+ 28 : 46.5: .19 : 1,870 : 317,000 : 2,500 : 274,000 : 112,000
: : : : t : B
2L : 46,5 : ,19 : 1,770 : 300,000 : 2,800 : 264,000 : 122,000
21 : : 1,910 : 347,000 : 2,420 . 272,000 125, 000

46.3 : .19

s oo

Minimum ANC Goalsz

.20 : 1,270 : 310,000 : 1,900 310,000 : 115,000

HE N

- we

1 .
~Impregnated by diffusing the required amount, of resin throughout the pulp-
board and dried by blowing warm air through the pulpboard.

gﬂyerage absolute properties divided by specific gravity.

zTentative strength standards set up by the ANC Subcommittee on Wood Aircraft
Structures, August 10, 1943,
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Table 3.-~Effect of temperature of cure on the properties of pulpboard core
material composed of aspen rroundwood and Resin b

Curing:Resin:Specific: Compression, : Flexure, :Tension, : Forest
tem~ : con-: gravity: ST : . .2 : s .ot Products
pera- H tem: :___'_‘_?'CEEEV_VE.EE:_“H__ :-—---EEEH}EE:__-_:EEEEEEE:;LR]:C::.&‘&GG:‘;
burel: : :Ultimate:Modulus of:Modulus:Modulus of:Ultimate : plate

: : :strength:elasticity: of telasticity:strength : sheapr ==~
: : : : irupture: s : modulus
g : ¢ A g g f g of
: : £ 8 srigiditys
° C, :EPGI"" : ¢t Poseds ¢ ‘PoeSasile : PeSseie: Peseis : Pesels : Fesels
: centb: : H : :
160 : 50 : 0.21 : 1,420 : 223,000 : 2,210 : 232,000 : 169 -1 105,000
175 ¢ 50 : .21 = 1,390 : 216,500 : : 200,000 : 172 : 98,000

2,050

Ll
de

1 - ;
“Cured 45 minutes.

2
TAverage absolute properties divided by specific gravity.
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Table 4,=-Properties of .pulpboard core materials treated with various reosins

ResintResin:Specific: Coﬁpression, g Flexure, :Tension ¢  [Forest
2 ConsEravity Ui edgew1se£- ; flatwise: flatw:tse-}-g frodumoys
: tent: S el et L e R e L Lt Ll e Ll Laboratory
2 :Ultimate :Modulus of': Modulus :Modulus of; Ultlwate : plate
: : :8trength elasticity: selasticity:strength : shear -~
: 3 : : rupture : ¢ modulus
: : : : s of
: : H f : : : s rigidity—
—m———mm——— (= —m—— ireem—— (e ——— o ——— e e —————— fmmm———e e
:Per" H : a"cnj:._c : P.Soio : PcSoioz PoS.i. : P.Sqio H Peseia
: cent : : : : !
Commersial Pulpboardg
A :753.2: 0,38 : 2,510 : 390,000 : 2,140 : 432,000 :i4eesssses: 170,000
B :50.,5: 37 : 2,730 : 390,000 : 3,570 3 820,000 zeeecwessss 168,000
€ :51.,0: .39 : 570 : 93,000 : 920 : 55,600 fesssdss st 22,890
D :52,1: .35 : 1,510 : 287,000 : 2,360 1 372,000 tsseewreer: 156,000
E :52,3: .34 : 1,710 : 323,000 : 2,140 : 328,000 :ieessassaei 135,000
F :52,5: 436 : 2,880 : 381,000 : 4,010 : 497,000 :....... .ot 157,100

Experimental Fulpboardz

G : 43.8: ,19 ¢ 1,430 : 299,000 : 2,110 : 267,500 : 20% i 110,800
H :44,5: .19 : 1,180 : 251,000 : 2,430 : 283,000 : 165 : 128,000
B : 45.,9: .19 : 1,800 : 312,000 : 2,400 : 256,000 : 225 : 118,000
J : 45,0 .20 : 1,900 : 285,000 : 2,800 : 293,000 : 220 : 124,000
K

: 417.5: .20 ; 1,720 : 303,000 : 2,370 : 274,000 : 260 : 127,000

lﬁyerage absolute properties divided by specific gravity.

2

~Specific gravity before resin-impregnation, 0O.17.

éSpecifio gravity before resin-impregnation, 0.09. This pulpboard was supplied
by a manufacturer of insulating board.
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Table Se--Effect of resin content on strength proverties of pulpboard core
material composed of aspen grounlwood and Resin B :

Resin: Com- :Specific: Compression, s Flexure, : Tension ; Forest
con~: pres- :gravity : 4 of! : Products

- edgewise™ : flatwise—
tent: sion

B e o B e m m § i e o ko § :Laboratory

:Ultimate:Modulus of :Modulus:Modulus of:Ultimate : plate

: g ;strength:elasticity: of  :elasticity:strength : shear --

: : : .2 trupture: : : modulus

: : B : F : 1 3 of

: 5 : : : : : arigidityl

Per- :Percent: : PeSeis : Pessei. : Puseis: DPeseis ¢ Pasels :. PesSeds
cent: s : : : : ‘ . :
Series A, Different degrees of compression during cure
47 ¢+ 17 : 0,20 : 940 : . 154,000 : 1,450 : 175,500 : 150 ;97,200
Y2 ; 22 ;' .20 : 1,130 : 206,000 : 1,515 : 283,000 : 103 : 115,000
33 : 25 ¢ .20 @ ok5 ;. 182,000 : 1,430 : 198,000 : 100 : - 97,000
33 ¢ 29 ¢ .20 970 : 177.000 : 1,390 : 235,000 : 73 ¢+ 106,000
Series B, Equal Compression During Cure

53 ¢ & .20 ; 1,085 : 198,000 : 1,865 : 235,000 : 217 : 68,000
4é & : 7 3 865 : 171,500 : 1,645 : 184,000 : 150  : 100,000
35 3 g ¢ Wit 795 :. 131,000 : 1,205 : 121,000 : 114 ;67,000

[
.

lAyerage absolute properties divided by specific gravity.
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Table 6,-~Properties of pulpboard core material made of three types of pulp-
board treated with various amounts of hesin B

Resin :Specific: Compression, E ' Flexurse, :Forest Products
content:gravity : odgewisex : flatwisedl : Laboratory
s $ ™ oy oy e g sk B :.—'—---"'--'F* ------------ 1 _'Dlate Sheal" o -
$ :Ultimate :Modulus of :Modulus of :Modulus of : modulus
: : strength: elasticity: rupture :elasticity : of rigidityl
Percent : : PeSels ¢ P.ssdl. 3  Pasels 1 Peseis Paseis
Cqoked aspen groundwood
17 : 0.19 880 : 226,000 : 1,090 : 166,000 &1,000
21 -: 18 ¢ 950 : 275,000 : 1,790 : 212,000 : = 100,000
52 s+ .19 : 1,1k0 : 284,000 : 1,130 : 153,000 = 76,000
H : : : : H
Aspen groundwood
21 : J19 & 1,010 s+ 34,000 : 1,700 ¢ 242,000 : 107,000
o : .20 : 1,370 : 348,000 : 2,230 : 267,000 3 110,400
58 ¢ W19 980 : 244,000 : 1,100 : 120,00C : 77,000
H : H : b $
Foamed chemical pulp
1,"]' : |19 : 1,500 H 2)4'3,000 : 2,870 : 245,000 HOEE IR R RN )
38 H .19 o 1,320 : 256’000 B 1’960 . 5 22”—,000 SEa rE AT R R R R R E
59 ¢ J19 ¢ 1,290 : 249,000 : 1,180 : 181,000 ;...seeseees e
s s C 3 : :
1

—Average absolute properties divided by specific gravity.
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Table Te=--Specific strengths of cores made with pulpboaras composed of
kraft-groundwood mixtures and Resin B

i v o —

Composition Froperties tested

Of S T e ok R s el Y e I L S L L R A T B o sk P R R e LSS
board :Resin:Spe~: Compression, :Tension, : Flexure, : Forest
2 con—:c}f-f dfswisel- ‘flatwiself 1atw1sel- SR Eraduas
: tent: ic tr=mmmmc e —— e e i :Laboratory
3 irav-:Ult imate :Modulus :Ultimate :Modulus:Modulus : plate
: ¢ ity:strength:of elas-:strength of  :of elas-: shear --
: : : sbicity srupturesticity : modulus
: : . 3 : e : i of
: ] 3 2 B 2 g rigidityl
Percent :Per- : : Poeseie : Pesais : PnS.ia H P_.S.i-! ISR PbScio
: cent: : : . 5
Kraft-0 s fi At ot . . : . .
L SO fl.o:o.eo: 755 | 160,000: 55 1,410 ) esh, ooo= 96,000
Kraft-10 : : 2 3 = -; ; ; ;
Groundwood=90 41.5] .21° 870 | 181,500, b5 1,670 © 226,000 108,000
Kraft-20 2 g : ; : ; ; ;
Groundwood=g0 : F0e5. #20, 890 | 193,000, 56 , 1,9%0 , 216,000, 103,000
Kraft-30 g 3 : 3 Y : B e s
Groundiood=T0 s 40.02 .21, 1,010 . 233,000, 70 . 2,110 , 232,500, 121,000
aft-4o : : e ; : : b i
kr 40,0 .21, 1,030 _ 216,000, g2 . 2,300 ; 252,000, 115,500

Groundwood=-60

1

“Average absolute properties divided by specific gravity.
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Table S.--Effect of u31ng aggregates of varlous sizes of screened aspen

groundwood in pulpboards on the pr0pert~es of pulpboard core

materlaL.
i Composition : Resin 2 :Specific: Compression, : Flexure,
. . of scontents gra‘nt}, edgew 186'3" H flatwisei
boards : L et P e T e
s : Ultlmate :Modulus of Mbdulus of :Modulus of
J 3 : strength:elasticity : rupture elastlclty
Percent H A H PQSC:LO H P.S._.ic H Peseie HE Peseis

Whole stock : 43 : 0,19 : 1,530 : 400,000 : 1,720 : 215,000

e e

4O~ to 20= : . . ] . :
cut_pulpE . s W18 ] g0 . 203,000 . 1,110 [ 150,000
20- to 8- : : : : : )
out pulpg_: 41 . .18 1,260 2,000 1,750 | 215,000
&-cut to : : g : :
200~ . b ¢ .18 : 1,420 : 263,000 : 2,240 : 215,000
mesh pulpls: : : q . . .

e
s
-

1 .

—Prepared by immersing in the resin solution, blowing out the excess resin,
then drying by blowing warm air through the board.

5 X

“Resin B was used.
2Average absolute properties divided by specific gravity.

—Pulp retained between screen piates of the indicated size.
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Table 90~-E£fecn of various mixtures of: fine. and coarse aspen’ groundwood on
the properties of pzlpboaru cors material, using -two resins

: rigidityl

Mixture - :Resin:Spe-: Compression, J Flexure, :Tbnsionrl: Forest
of 3 con=soife-: edgaw1s®£ : flatw1sel- itlatwise=s FroHucts
aspen s+ tent: ic srmsemmmrmmnancuooo, T e L t+m=<aioe s Laboratory
groundwood : :gav-:Ultimate:Modulus :Modulus:Modulus § Ulbzmato plate
——mmremnma—er g ¢ ity:strength:of olas-: of :of elas-; strsngth: shear --
ot : : : sticity :rupture:ticity : modulus
2f 3
Coarse—:Fine<: : : : : : : : of
'

Percent ;Per- :Per- : ¢ Peseis Fosels ¢ PesSeie: Pusais ¢ PesSeis i Fesyels
¢ cent: cent: : 3 g : B :
Resin B
: : o3 : : : _ i .
100 ¢ 0 :. 43 ;0.19: 750 : 123,00 0: 1, 280 : 154,0003 77 ¢+ 85,000
T4 ¢ 26 3¢ 37 : J19: 1,290 :- 222 ooo= 2,170 : 276,000f 127 122,000

56 : 42 ¢ 25 : ,20: 1,200 : 186;000: 2,20@ : 242,0003 105 ¢ 114,000

: : 3 H 3 q P : ]

Resin L
: : : : g £ 2 H 3
100 ¢+ 0 : 39 : ,19; €80 1 173,000: 1,300 : 2L9,000¢ 26 ¢ 86,000
90 + 10 : L0 : ,20; 1,050 : 1&4,000: 1,400 : 241,000: 76 : 110,000
80 : 20 s k0 : ,20: 1,350 : 250,000: 1,990 : 301,000: 120 ¢ 139,000
{0+ 30 : 39 :.19: 1,270 : 212,000: 2,020 : 268,000: 192 : 112,000
1
“Average absolute properties divided by specific gravity.
2

“4s used in insulatingboards.

2
“Paper-making quality.
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Table 10.~-Flatwise tensile strength of face to face laminated pulpboard
| : core material of aspen groundwood with Resin B

I T
I . Board : Specific ¢+ Resin : Flatwise tensile strength
| number : gravity : content sweswmree——rrrrmrer— e
| : : : Ultimate ; Ultimate +
3 H G ¢+ specific gravity
: t Percent : P.seie Peseis
3 : - :
ACP-2099-7X : 0,19 : K0.0 = 270 = 1,420
3 3 : :
Y ECPh21ll-15X : 22 hg,7 o 2ho i 1,090
30p-2165-5 : .16 : ho,0 1 160 s 1,000
L H : H H
—CP-2165~7 : Jd6 ¢ Lo.O % 200 = 1,250

iSelf-bonded by the resin in the board.

o) .
—Bonded with cold-setting Resin M,
3

=Self-bonded by the resin in the board (uniform resin distribution in
- pulpboards impregnated by diffusion and air dried).

'Sélf—bdnded by the resin in the board (resin concentrated at joints in
. pulproards impregnated by diffusion amd kiln dried to concentrate the
resin at the surface before laminating).
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Table 1le=-Percent of change in properties of balsa and pulpboard core materials
due to exposure to high Eanperature ‘arid high humidity cycles

Conditioning ] Core i Change in properties of core mat rialsé
: material= :evmrre—cdmoaoo~ooo- o e e 1 e ———
: ;Modulus : Weight : Thick- i Length : Width
] , s  of . ness : (with :{cross
wrigidity: : : grain) : wrain)2
---------- e g e 4 o 1) e B R ik B § 4 S g § § pree————F At

. 0 . L b
: Percent—sParcent— Percent—-PPrcentquercen-—
' C . : :

ngh tamperaturﬁ

as  ae
.

-1.33 : =0,19 : =0.57

P

After U days! exposure : Balsa s ewenionat = 187
at 175° F. : Bivevesesnt = 8031 & =1.32 : = .22 3 = .61
:Pulpboard R 3-68 H —1.07 : = nlu HYEER LN
R Biewsananel = 330 ¢ = o800 1 = 215 iecessannn
: H : : : .
| Reconditioned 4 days at: Balsa A: £ 1.2 : = .24 : 00 1 = O - W05
75° F., 65 percent Bi = 1,7 1 = <12 ;3 + .26 : - ,03: - .08
relative humidity :Pulpboard A: + 1,8 ¢ + O : = 27 1 o000 favsnvvine
| : B: + 49 i+ W41 : W00 1 = 05 tesrreanes
After socond exposure Bolsa Atuessnesss = 800 3 =1,06 1 =~ 21 & = 5B
4 days at 175° F. : Bivasarerat = 850 ¢ =1.05 1 = .22 ¢ = . B4
iPulpboard Ageessssses = 3480 @ <1033 = 212 zasssseces
. B "I EE L) = B.hl: ';1.06 5 - -17 isaaETEE TS
: = = H H
Recondluioned 4 days at: Balsa A: 0 1 - 27 : W00 & - O ¢ - L03
75° F., 65 percent : B: + Fb i~ 18 1 + .26 = 03 : - W09
relatlve humidity :Pulpboard A: + 1.9 .00 : =~ .27 : ¢00 §esvans an
2 B: = 2.1 + L5l : W00 i = 06 thseeaas ‘e

(Sheet 1 of 2)
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Table 1l.,--Percent of change in properties of balsa and pulpboard core materials
due to exposure to high temperature and high humidity cycles

(continued)
Sonditioning d Core ' Change in properties of core materialsg
: materials oo e
: :Modulus ¢ Weight : Thick-: Length : Width
: : of : mness : (with : (cross3
G srigidity: ; : grain) : grain)=

e e S i e T T ) i r r irm e 7 T e  w { § £y ===

:Percent—:PercentE:PercentE:Percente:Percent—

High humidity

»

. .

Balsa A: “31.4 1 ¥13,27 &+ +3.43 +0.09 : 4+0.53
Br <31.1 @ 413,21 : +3.15 ¢ + .14 + L8

26 so oo

After first- exposure,
6 days at 97 percent

e 6N ab 00 00 00 4 te =

.relative humidity, Pulpboard A: -25.6 : + 5.9% ¢ 42,41 ¢ + .11l ¢, ..eaan.
80° P, B: -27.5 t + 6,25 ¢ 42,13 ¢ o+ 07 tenmanan 5
Reconditioned U4 days at: Balsa A: - 7.1 31 + 2,56 ¢ +1.58 3 .00 ¢+ ,12
65 percent relative 1 B: - 6.5: + 2,05 41,05 ¢ - .0l i + .06
humidity, 75° F. tPulpboard At - 9.5 ¢ + 2,77 ¢ +1.07 1 + .02 t.cnreanan
: B: -13.4 : + 3,00 ¢ + 480 : = .02 fi.s.urans
After second exposure i Balsa At -31.0 ¢ +19.03 : +4 kg + .10 + .60
5.days at.97 percent 3 B 344 ; 417.27 ¢ #3.H1 ¢ 4+ .10 : +.5)
relative humidity, :Pulpboard A: -27.4: + 6,721 4241 ¢ + .10 ;....l.nen
80° F, : B: =31.0 1t + 7.22 1 +2,13 : + .02 te.n.ecqee
Reconditioned U4 days at; Balsa A: - 6.8 1 + 2.34: 41,05 : - .02 : 4,11
65 percent relative @ B: - 7.1+ 2,56 1 41,31 : - .02 : # o)
humidity, 75° Fe. Pulpboarddk: - 5.4 ¢ + 2.78 1 + .80 1 - .02 1..% .1l
. 2117 2 4 3.05 5 4+ .53 1 = J10 fasvaninay

1) = edges protected with one coat of white lead and two coats of aluminum
varnish; B = edges unprotected.

2
SInitial values were obtained after cores were conditioned for U4 days at 65

-

percent relative humidity, 75° F,
éﬂo grain direction apparent in pulpboards.

—Based on original values,

(concluded)
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Table l2,-=Average loss in weight of balsa and pulpboard core materials
: - 7 : 3 : :
exposed to fungus attack—
Core $ Typs cf fungus : All
meterial L e et a s R e —————— +—som———==: 8XpO~
: Poria : Poria : Polyporus : Polyporus : sures
:incrassata:microspora: versicolor: versicolor:
: : I : in soil
e ke ek R i R e e e e § o o g e Gk S S S = T
: Porcent : Fercent : Fercent : Percent :Percent
) One month's exposurea
.A.Spen B contro]-s-llthttlo; 7¢’+ 18.7 : 16.9 : 39.7 H 20.7
Rllpboard == N0 Seﬁlel‘p anw s .O .O H .C) . OO i .O
Balsa == no sealer..csvasat 0O 2 O 9,3 : 27.3 i 9l
Pulpboard ~- edges scaled.: Y g 3,6 £ »0 - «0 9
Balsa == odzes scaled,....: w0 1 4 2l.6 5.1 ¢ 8.9
Three monsh's axposureﬁ
ASpCh G C‘Oht.fols-.puio_-fa H o B H 35.9 : 51-7 74'7 H LI'5OS
Pulphoard ~=- no sealere...: 2.5 ¢ 129 H 2 o0 o2 1 39
Balsa == N0 s82l6rveecescet 249 : o6 : LE.7 bg,s ;b7
Pulpboard -- edges sealed.: 3 1 25.8 2t O 1 6.9
Balse -- edges sealed..ea.s BeH : 1045 s 51,72 3348 : 2543

“n
[l

T - :
—Based on equilibrium weight at 65 percent relative humidity.
~Average of 3 specimens.

“Average of & specimens.,
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the board flatwise and also as "face-to-face™ laminations between the

facing panels.

o

Figure 2.--Samples of sandwich constructions with pulpboard cores using
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Figure 7.--Experimental pulpboard-forming apparatus.
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