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The results herewith presented were obtained at the

Rood Utilization Laboratory of the School of Forestry and

Conservation of the University of Michigan, where the work

was carried out. under the supervision of Mr, Louis A. Patr'onsky,

Instructor of Wood Technology.

Due to its preliminary character, it a lis to present

only a moderate amount of ftundamental data with .regard to

the shear strength of five Brazilini bardwcod spca ies when

glued with cold-setting resins.

As the field of application of plywood is broadened,

new adhesives and new gluing techniques will become more and

more necessary as the ones already in use do not fulfill the

requirements for most of the new uses to which plywood is put.

In the case of the Brazilian plywood 2.ndustrwy, casein glues,

which are the most extensively used throughout the country,

mnust be replaced by some other kind of an adhesive capable

of yielding bonds of satisfactory quality for outdoors

applications.

It will be desirable, however, that the new adhesives

and gluing techniques are such as to permit the utilization

of approximately the same equipument as called for the use of

casein and still make bonds resistant chiefly to moisture

and to biological deterioration.

The cold-setting resins were chosen for this work

because (1) they could be mixedF spread and pressed using

ii



approxlmtely the same equipmient required for cassin and

following a similar technique, and because (2) they wre
considered as yie l4ing bonds which are resistant to moisture

and biological deterioration.

The author is indebted to Mr. Louis A. Patronsky for
his constant interest throughout the laboratory work, f'or

the helpful Information given and for the construictive

criticism of this pa per,

ino Tatto
January 14, 1947
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I VRODUCTION

In spite of being one of the newest industries li

IBrazil, the plywood industry has experienced an extraordinary

development that could hardly be matched by any other wood

using industry.

It is concentrated in the four southormost states

of Brasil where the availability of the n pinho do Parana"~

Araucaria a ngutifo1la - in almost pure stands Insures an

ample supply of high quality veneer logs.

According to the latest data available (l)2. there

were in the southern part of the country) 168 veneer mills

and plywood plants, of which, 102 were already producing and

66 being ins tal1led . The ,distribution per state of the plants
already engaged in production was as follows:

States lo. of plants

Parana" 44
Rioe Grande do Sul 22
Santa Catarina 29
Sao Paulo '7

Total 102

Their export in the first half of the year 1944 was as

follows:

1. The numbers in parentheses refer to literature cited p.

I
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States Veneers N tespceToa

Parana 10519, 167 1,491, 599 3,010,706
R. 0. do Sul 130, 200 1739300 303, 500
So Catarina 1919230 558,408 749,638
Sao0 Paulo 3,530350

Total 1,840,597 2,2269837 4,067,434

States Plywood
Pinho thr species Total

Parana 110843,g893 1, 257, 725 13,101, 618
R. Gv. do Sul 1,383,685 148,s014 1, 531x899
8. Catarina 2,1800658 1,4140817 3,5750475
Sit a Paulo 288, 763 78,0 00 363,0763

Total 150876 0999 2,=8980,556 18,57 5,555

Because of the shortage of transportation which

became critical during the war years the Federal Goverment

has established limits of production, it is expected that

with the improvement of the transportation, the industry will

be able to reach a total output of 51,70Q000 cubic mters,

distributed as follows:

States Production expected (in3 )

Sao Paulo 3,0900
Parana 21,800
Santa Catarina 18,200
Rio Grande do Sul 7,800

Although the development of the indlustry is controlled

by the Federal Government with view to protecting the native
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forvests. from quick depletion and to overcome the transporta-

tion difficulties which existed prior to its interference,

there have been constant requests for the installation of now
plants. Thirty-five new concerns have been permitted to

erect nIOw plants and mills, so that the number of veneer mills

and plywood plants will be raised to 203 in the near future. (1)

The following chart gives a goad picture of the situation of

the industry in Southern Brasil at the present time and in

the near future.o

Number of veneer mills and ply-road plants in Southern Brazil
Present and future number of plants and mills

Proucig ~ oig recedPermission Total Hoe

Stte Poue Bin rctd To 2roct 11.'at
SttsNo. Ao.Ca- J00 lro Ga- _o*Mo.Ca- to.M.a

pac ity(m3 ) pa~oity(m ;lac ity(n') pac ity(m-

Sao Paulo 7 3,689 - --- - --- 7 30869
Parana 44 21,868 36 17,892 14 6,958 94 46,718
Santa Catarina 29 18,154 10 6,260 13 8,1358 52 32,552
Rio Grande 22 7,810 20 7,100lG 8 2,840 50 17,750
do Sul

Total 102 51,701 66 31, 252 35 17,9 9W 203 100,889

The great majority of the plywood plants in those

states use casein glues as the bonding agents howevers the

tendency is to change this situation so that a good part of

the industry makes use of synthetic resins. How far this

policy will succeed is dependent upon several factors of which,

foreign markets requirements and the possibility of fabri-

cating the resins at lowr cost in the region, seem to be the

moist important.
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The development of new foreign markets will certainly

be attempted by the plywood industry of Brazil, whose product

made up already 99 percent of the plywood imports of

Argentine in 1944. To accomplish that, it must face the com-

petition from other countries which already possess a thor-

oughly organized plywood industry, and so, being in a better

position to offer a high quality product at low price.

The encouragement of the use of synthetic resins by

the Brazilian plywood industry, which has been the policy

since December, 1944, is then a very appropriate step towards

improving the serviceability of its product and of increasing

its chances to be accepted in the foreign markets.

Although the plywood quality is very important it is

not the only factor considered when the product is purchased.

Cost, color, figure and density, machinability, and volume

available, are very important cons iderations.

So far as is known, Brazilian hardwoods forests are

potentially fit to produce woods suitable for most of human

needs due to the large number of species that grow in them.

However, technical data concerning the technological char-

acteristics of a great number of the species are still lacking,

so that the enormous supply of those hardwoods has not been

introduced to the international markets.

In spite of the fact that very little technological

information on most of Brazilian hardwoods is available

several species are now being regularly exported. As can be

seen from the following chart, 29 hardwood and 1 softwood
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species have been exported during th years 1.939-19459 (2)

Brazilian exports of woods (1.939-1945)

Quantity in tons

No. Species 1939 1940 1941 1942 1943 1944 1945

1. Aeapii
2. Aguano
3. And iroba
4. Bagiiaqu
5. Cabriuva
6. Cane la
7. Cedro

9. Fre IJo
10. Gongalo Alv
11. Guoj uvivo
12. Guaruba
13. Imbuiia
14. Ips
15. Itauba
16. Jacaranda
17. Jequitibe
18 * Louro

vorme iho
19. Macacadba
20. Ma ssaran-

duba
21. Pau amare1o
22. Pau Brasil
23. Pau d 1aro
24. Pau rosa
2 5. Pau r~xo
26. Peroba

418
8958
1524

223
243
345

5341

5315
as 91

498
21786

1112
10301

94
2043

10666

4216
1573

132
93
7

73
46
39

307794
2460

107
2

88
9047

965
369

93
170

4496

4276
136
434
922

127J8
3709

50
1789

11

509
746

179
25
15

6
28

480
247042

774

5921
152
271
89

364

80
328
306

1206
987-0

95
2475

185

50

7
11

5

272

1638
293701

2677
79

151
232

96
14 147

64
254

m -

993
4107

553
925

10
141

3

4736
321074

2789

36
553
442

14878

64
'72

413
1475

298
686

1668

14

6983

236
188
964

18289

230

1282
1402

248
493
799

565
143

84
145
666
302

10083
76

153
86
61

141
7890
1065

32
3275

56

835
803

801
128
6
6

405
238550

105 290

5 --

139 --

3066 2667
272061 28255627.

28.

30.

Finho
Quebracho
Sucupira
Violsta

30
1

4 32 624
!..

Th.s five species dealt with ini this study are all

represented in the chart above - Nos. 2, 19, 21, 25 and 29-



6

meaning that they have attained some economnic importance.

rhe informations presented in this paper acqifre.:, then, u

broader signifieanice in that they refer to species which are

itsn of foreign consuwption,



OBJE3CT

The object of the present study is to investigate

about the shearing strength of five Brazilian species glued

with two cold-setting resins. For that z'eso4no-forrial-

dehyde anid cold-setting urea-formaldehyde were used.

In order to have meaw of comparing the results

obtained with the cold-setting res in, casein glue anid phenol-

formaldeyde were used as controls. The f onner can be con-

s idered the standard glue of the iBral ilian plywocd Industry,

which uses it for a ratbor long time. The latter was chosen

as the type of a resin that yields the highest quality bondis,
chiefly in relation to its water resistance.

Since 194 there is a noticeable teudency towards the

use of synthetic res ins in the manufacture of plywood in

Southern Braz il. By the endi of that year the President of
the "Institute hacional do Pinho", which controls the lumber

Industry in Brazil, decided not to permit the erection of

any more plywood plants in the States of Sso Paulo, Parana",

Santa Catarina and Rio Grande do Sul, that were not equipped

to use synthetic re sins as the bonding agent of the plywood

they produced.( 3

If the use of synthetic resins roves' to be econom-

ical, there will be many possibilities of that trend becomnirg

universal for the country: Among the synthetic rosins, the

cold-setting ones are outstanding in thAt they require less

7
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oxpena lye equipment and are meant to be used under les

exacting gluing conditions than the hot press resins.

Materials

Joods.- - goods of the following species (10) were used in

this study:

Cor-non name Sc ient if ic name

A'guano Swiotoni microphylla ding
Iiacacauba Pla tymiscix Ulel Harms

y ?au~ tziTa ell D ~iylophora parae ris is Huber
Pau roxo Pel togne dens if lora Benth

In view of the L#posibility of getting veneers of

the desired species from the Importers in this country, all

the wood used In this study was obtained from stream gth test

specimens which existed in the collection of the School of

Forestry and Conservation of the iivr sisty of lMiehlgan.

Thus, all the wood available was 2-inch by 2-4nch in cross-

section and not more than 6 inches long.

To make the ve nae r, the 2-inch yr ide wood blocks were

sawed to a thickness as close to 1/6" as possible and then

planed down to either 1/8" or 3,/16'4 according to what extent

the amaU- pieces could be handled safely. Wi1th few exep-

tions, at least one of the faces of the veneers was made

smooth in order that proper gluing could be accomplished.

It was Impossible in somie oases to get away from old

s~iear failures re sult inZr fror- thie previous testi.ng to which
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the woods used now were submitted. Howr far this factor

affected the final results of the present study is difficult

to say. Its influence was readily noticeable whenever the

plywood shear test spec imens broke at an old shear failure,

buit some specimens might have broken at some initial failn'es(6)

and the fact passed unnoticed.

Glues .-- Four different types of glues were used, namely:

ready mixed casein, cold-setting urea formaldehyde, resorcinol

formaaldehyde, and hot-setting phenol formaldehyde. The com-

mercial makes of each type listed below were those available

at the moment at the Wood Utilization laboratory of the

School of Forestry and Conservation.

Case in: Perkins Ifetal-veneer glue powder, made by

Perkins Glue Company, Land adale, Pa.

Cold-setting urea formaldehyde: Perkins Plastic Resin

N~o. D.C. 246. Cold press type.

Rosorc inol formaldehyde: Durez 12688 and catalyst Durez

12689 made by Duwos Plastics &o Chemicals Inc.,

North Tonawanda, Now York.

Hot press phenol formaldehyde : Togo film made by Resinous

Products & Chemical. Company, Washington Square,

Philadelphia, Pa.

W~ater:-- The water used was tap wrater furnished for public

consumption.

Eqcuipmient: -- Beakers, erleneyers, weighing scale, wax paper,

cold and hot presses, and plywood shear test machine.
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Prooedure

Gluing. -- This operation was arnred out at a roam tmpera-

ture between 7510 and! 800~ F * The adhesives mixtures were

prepared accord ing to the recmmendations given out by the

Manufac turers 0

The proportions used were as f ollowa :

Casein gue: 1 part of Perrina Metal-veneer by weight.

2 parts of cold, clean water by veight.

Iles orinol--formldehy des 100 parts of D reZ 1238 by we ight.

20 parts of Durez 12639 by vioight.

Urea f ormldeshyde : 100 parts of Perkins DC- 248 by weight.

65 parts of oae~a, oold water by weight.

IlaThsdeyo {~ :.inj ,., iz iiVLsJa.

The foflowinig spreads were adopted:

Casein glues: single spread of 30 grams per square foot.

Res on inol-'formaldehyde : double spread of 12.5 grams per
square. foot.

Urea formaldehyde: double spread of 12.5 grams per square

foot.

Phenol-formaldehyde: two sheets of the film for each panel

glued.

The use of double spread was adhered to because after

gluing the first panels with casein, it was foui4 out that

the m:nun'ac t rovs ol' Lure~z 1ZCt3 strongly mea~meixded the use

o double spread in connectioni vwitha that resin. Although
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t'yat prac tice is not universally followed in c om ierc inl pro-

duct ion, it is reeommended to be used in connection with

phe no l i re sins in order to secure a uniform penetration :in

the surface of both plies. t(1 1 ) Two sheets of Tego were used

to take care of any unevenness in the gluing surfaces.

As regards single and double spread in connection

with casein glues, the results of tests carried out on ply-

wood glued by both methods shoved that only a sl1ight increase

in strength was obtained by double spreading. ( 12 )

A 30-minute closed assembly was used for all glues.

After glued, the panels were stacked and placed under pressure

at room temperature. In order to avoid gluing one panel to

another sheets of wax paper were interleaved between the

panels-.

A Universal testing machine was used to apply a

pressure of 150 pounds per square inch in all cases of cold-

setting glues. As the maohine was not constructed to apply

constant pressure throughout the gluing period, the pressure

waa kept constant during the first three hours. The use of

two rubber pads, each. approximately one-hamZ inch thick

proved very helpful in maintaining constant pressure for at

least one, hour. The panels were left under pressure over-

night.

The hot pmss bending used in connection with Tego

was parried out in an electrically heated press of 5500

pounds of capacity. 150 pounds per square inch - bonding

pressure - and 3100F - bonding temperature - were used.



As shown below the bonding t te used varied with the spec ies

bwing glued in order that the glue line could be submitted

during one minute to a temperature of 3100P.,

spec ion Band ing time (min.)

-1guano 4
t"aoaeaul 2 1/3
Pau aaeo3
Pau rOXo 3 1/2
sucupira 2 2/3

In order to restore trhe moistaure removed by hot

press ing and to obtain a flat panel, the bod ec. panels were

dipped in water Immedately after being taken fromn the press

And placed under pressure af terwards.

All the glued panels awl test specinens were !7ept at

a rocan temperature varying boten 79-8210 F and at a relative

hun id ity of 30 percent . for at least six dal,,s before testing.
spec i:ie ns

T1he moistur'e content of tha/varied from 5 to 63.5 at the time

of tests*

Two-ply teat specimens, with the graina of both plies

la Wd parallel weore used thr hut the exper imenst . The two-

lamsilnated c onstruction was given preference because it

mea~sures truea shear, w~hereas, in. the standard three-ply

speclmens a combination of shear and rupture is measureii. {?

The relation of twos-ply to three-ply construction was found

by Trua('7) to be of-840 to 375 pounds per square inach for

dry tests and! 300 to 220 for wet tests, using 1/16 inch

veneers.

All the test spec mns were made so that the area under

stress was j~ square inch. That practice was followed in order
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to simplify the work of sawing the specimens, as a part of

them, those made up of two plies 1/18 inch thick, had to have

a working area of b inch to be in accordance with the specifi-

cations in force in this country.(4) A part of the test

specimens was made 3/4 inch wide in order to overcome the

scarcity of wood material.

The test specimens were divided into three groups

and tested in three different conditions, namely, dry, after

24-hour soaking(10) and after going through the Douglas Fir

Test for exterior type.(S)

Testing.-- Thirty test specimens of each species were tested

for each glue. Ten of them were tested dry, ten after a 24-

hour soaking period, and ten after the cyclic test recd-

mended in the Commercial Standard 0S 45-45 published by the

U. S. Department of Commerce in 1945.

All the testing was carried out in a Riehle plywood

testing machine specially designed for plywood tension shear

tests, the load being applied at a rate of 600 to 1000 pounds

per minute. The percentages of wood failure were estimated

by visual inspection.

Results

The results obtained from the testing are shown in

Tables 1-20. The breaking loads obtained from the tests were

recorded in the first column. The column under the heading

"Total stress (p.s.i.) was obtained by just doubling the
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figures in column 1 for the specimens made up of 1/8" thick

plies or by doubling the results in column 1 and reducing

the total by 10 percent. The remaining colrins are self-

explaining. The abbreviation D.F.E.T. means that the speci-

mens were tested in shear after being submitted to the

Douglas Fir Test for exterior type.

Table 21 gives the average figures for total stress

and for wood failure for the different types of glues and

species. In Table 22 the average soaked and D.F.E.T. strengths

were transformed into percents of the dry strength. Figures

1-5 are based on the averages given in Table 21.

The results showed in Tables 1-20 were somewhat

influenced by the two major c a uses discussed below which

were difficult or impossible to control or to get rid of.

The various thicknesses of the veneer used may have

affected the results of the tests and, therefore, may have

upset a little their comparative values. Truax(l) found

that the test values vary with the thickness of both the face

and core plies. Although his results were based on tests

for the standard cross-pl construction, the general rule

may hold true for the two-ply laminated wood construction.

Due to the fact that the wood for this study was

supplied by old strength test specimens, some of the results

obtained may be somewhat lower than if wood entirely free

from defects were used.

Another factor that did not affect the numerical

values of the test, but which will be significant if any of
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the results are to be used to any practical extent,# is the

fact that the woods used li this experiment were taken from

very few tres, 10) and so, are not truly representative of

the whole range in density and gluing characteristics of the

species.

Discussion of the Results

With few exceptions the results for dry strength for

each species varied little, regardless of the adhesives used.

However, the values for 24-hour soaked and alternate wet-

and"-dry* strengths and percents of wood failure for the mater-

ial glued with asse in showed much more noticeable departure

from the dry strength than the resins (Table 22).

It seem to be safe to state that, within the scope

of this work, the mold-setting resins prove to be superior

to easein glue and identical to hot-pressed phenol in

strength when used to glue the species under consideration

in this paper.

There soeeai to have been no relationship between

spec if ic gravity and dry shear strength in connection with

some of the glues and species used. Sucypira and I au r~x

which are, respectively, the heaviest and thirdt heaviest of

x1l,10) showed strength values close to those for AMn
which is the lightest species usad, when glued with casein.

The same applies to a~u amarelo and pau roxo with regard to

roso rio1-formaldeh~de and to su~pr glued with phenol -

f ormaldehy'deo

sRefers to both strength and wood failure after the
test specfiens have gone through the Douglas Fir Association
exterior type test.
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The results obtained with case in glue confirm that it

has a low water-resistance. The decrease in strength frau

the dry condition to the soaked varied between 78 percent for'

-)au rbxo to 56 pereent for d ono. The Douglas Fir Assoc ia-

tion cyclic test( 5 ) shoed for all of the species glued with

oase in less effect in lowering the Joint strength than plain

soaking,. This unexpected result was also noted in connection

with a no macacaiba and OMaarl glued with resoiinol-

f'ormaldelhyde anid sucura glued with phenol-formaldehyde

resins (Tablo 22).

The cold-setting resins showed good soaked and altern-

ate wet-and-dry joint strengths in all cases but alternate

wet-and-dry strength for suupr and uau r6"o glued with

urea-formaldehyde.

Resorinoll shwed results somewbat higher for alternate

wet-and-dry strength in connection with pau roxo and sucupira

than urea-formaldehyde and, although dry and soaked strengths

were higher for both species glued with the urea resin, the

percent of .strength maintain d after soaking and after the

Douglas Fir Association cyclic test was higher for resoni;nol.

tirea resin did not appear to T ield good bonds with

Pau roxo and sueupira although the results of the tests have

been consistent (Tables 14 and 15) * The results obtained

with pau mrarelto bonrded with the resore inol resin were

inconsistent (Table 10). Apparently the resin had not cured

enough when the test specimens were tested dry. The low

average percent of tgood failure can be taken as an indication



of the poor bond obtained.* Additional data on the gluing

of those species with the above named glues are necessary

in order that a final conclusion can be drawn.

The results otainemd withi phenol-f o=&:Ld e1Vde were

satisfactory for the majority of the species glued. The lou

percents of wood failure o~btained in connect ion with suupr

seem to Indicate the need of further work for a definite

conec lus iono

Gluing Caracteristics Observed

Througbout this oxper'fient certain gluing charac ter -

ist ices of the species used were noted.e As the observations

apply to a stud1y based on only a ar~all naber of test speci-

mens t heir' value must be pr'operly considered if any of them

is to be usedi in practice.
The case in glue used stained pau rbxo although it

did not shyw though the plies. Sucnp ira anid tau amare o

were stained to less extent.

The wood failure In ; nj;iti1al surfaces of sucupiz'a,

exept in cases where acne sort of grain deviation occurred,

weas along the vessel lienes. This fact can be related to the

amount of paratracheal parena.iyma in the wood andl probably

aocounts for the low wood failures -for the species.

Pau r8xo and sucupira cupped noticeably when glued

with case in and pau a arelo showed delamination. when glued

withl urea and res reiio1 rosins.
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AS~n andmacacau ba glued well with all the adhesives

tried. Tihe fibers of both species were smwhat compressed

when bonding with Togo at 310'0 Farsnhe it.

Possibilities of the Use of Cold-setting Resins in Brazil

The preliminary character of this work does not

allow broad and f inal conclusions that could be used to

advantage in industrial applications. It confirms, however,

for the species used, that cold-setting resins yield bonds

superior in water resistance to those accomplished with
casein glues.

The c rzrarial use of cold-setting resins in Brazil

must be brought about by eonromic needs * Although they are

superior to case in in some respects, the plywood industry
in the country has been built up based on the use of case in,

which has given and is still giving sat isfactory economic

and physical results.

To Impose the use of the synthetic resins upon the

indlustry, as seems to be the trend in Brazil., may not prove

successful because there will always be ground for argument

as to the advantages and limitations of the new adhesives as

compared with case in. The main drawbacks of the use of

casein are its lack of a good resistance to moisture and to
biological deterioration. The former can be partly overcome

by the use of hydrated lime, and it semms to be possible to

get around the latter by the incorporation of certain

organic preservatives in the glue powder. It appears as if
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the durability of the Joinits glued with a high limo content

case in glue can be mterially increased if somie protection

against biological deterioration isa given to te~. (8 ) If

that can be accomplished without sensibly raising the coot

of the glue line, oasein glues will be able to staYA. the

competition from cold-setting resins, in most of its pre-.

sent applicatlons.

T'he use of the cold-setting resins will bring about

few changes in equipuient and plant lay up what facilitates

their accepting by the Brazilian plywood industry. their

use, fmever, will be conditioned by technical and economic

factors of which the supply of the renins and themr cost

rwill. be of7 fundamental importance If they are ever to attain

any co: :ieri signific ance. Their fabrication at lowr

prices in the country, therefore, seems to be a necessary

step.

Of both types of cold-setting resins considered in

this pa per, the urea resins can be produced in Brazil more

easily than rosore inol. WThile~ it is a product based upon a

reaction between atuonia and carbon dioxide, resoreinol is

a coal-tar derivative and, therefore, bused on coal, whosd

mining is not well devolopped in the country.

Although the cost of adhesives is only a small frac-.

tion of the price of the final 'products,, a question arises

as to the price at wh ich the resins could be sold in Brazil.

.~~sr=inz, for theo ctrpose of' t?,s discussion, that they will

cost as jaucl as theyr ccst In thiAs country, resocrinol mvould
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be used in straight mixtures only in exceptional conditions,

as a pound of it costs about sixty cents at the present time.

That price would bring the cost of glue line to approximately

twenty dollars per thousand square feet, or as much as 4 and

S times more expensive than the dearest casein and urea glue

lines respectively,(ll) if a spread of 40 pounds per thousand

square feet is used for resorcinol.

The cost per thousand square feet of straight cold-

setting urea glue line varies from five dollars and forty-

two cents to six dollars and sixty-two cents, whereas for

casein it goes from a little over three dollars up to five

dollars.(11) In other words, the most expensive casein glue

line is still below the least expensive straight cold-setting

urea glue line.

If the cold-setting resins produce bonds of good

durability, the d ifference in prices mentioned above would be

offset by the better quality of the joints. However, data from

other(12) sources, obtained in various tests to which cold-

setting urea were put through showed that they exhibit low

resistance to exposure to high humidities and ordinary tempera-

ture and low durability to combinations of high humidities and

high temperatures. Being more acid than other glues of the

urea-resin type they appeared to lose strength noticeably

when aged at 800F and sixty-five percent relative humidity

during one year period. (12) Comparing cold-setting urea resins

with preservative-treated easein Wangaard(12) states that the

performance of 3old-setting urea resins at ninety-seven per-

cent relative humidity and 800 F temperature, for nine months,



VaS "cnieal less satisfactory".* Case in rrlues also

showed superiorityj over cold-setting urea resins in resistance

to cyclic exposures involv'ing high temperatures. Theref'ore,

although cold-setting uree resins showed higher wrater resist-

ance than case in they seem to be inferior to it In certain

other respects.

Cold-setting u vea res ins could be used extended in

which case the glue line cost would be brought down to the

level of the cost of straight casein glue line. Hoever, the

addition of extenders to the mixture seems to decroase the

wrater resistance of the bond to such a degree that its

weathering qiualities are practically last.(9 )

According to the statements above, the pos sibilit ies

for cold-setting ureas to replace casein in the Braz:ilian

plywood Industry are not entirely favorable because they

would have to be used for approximately the same purposes as

case in glue is being used now.

Whenever a hijh water resistance and low glue line

price are deem~od iportant the hot-press phenolic resins

r~ust be used.

Very little can be said about resoreinol resins as

they represent a development of the last three years. They

seen to be much superior to the cold-setting urea resins,

although much more expensive. If' they can be sold in Brazil

at a xrice as low as the phenolic resins are sold at present

in this country, they will be likely to acquire great

importance in the plywood field.



The cold-setting resins showed better results than

easein as judged from the joint strength and wood failure

figures (Tables 20 and 22).

Spec if ic gravity was rnot the only factor governing

the dry strength of sucpi and pa lx glued with case in,

La aarlo and Eau r~3xo glued with resmo inol-formaldehyde

and suoupira glued with phenol-fCormaldehyde resins.

Pau rozo and siouia did not sem to glue well with
urea formaldehyde resin and pau amarelo show-ad low strength

andi low wood failure for its specific gravity when glued

with resoreinol-fo'maldehyde. Additionuil data will be necess-
ary to permit anyg final conclusions with regard to the shear-

ing strength of those woods glued with the two cold-setting

resins above mentioned.



Table 21 - A"veragas of total stress In pounds per wqars
incha and of woodl fez I-aros in percent

A v~rngos F~or Casein 01 ae

Species
y'v . 2 auil Ave. dood F~a ilure ("

A-i

;gua no
Lmaacaub.
Pau -arlo
Pau r~xo
Sucu.pira

577.
93.2

1030
778
709

2J2
382
273
169)
281

368
540

316
293

315,95
63.5
09.f5
49.7
22 * 5

1. 0
0.2
0.0
0.00
0.0

1.00
1.5
3.0
0.0
0.2

Averages afor Resore Ino-fom~dehyde Resin

Agwano 654 696 699 83.3 87.8
macacaube 90Y7 910 1106 65.1 79.3,.
Pau -!zn.are? o 781 70.7r 91.0' 11.5 16.0't
Pau rcixo 811 696 (30Y7 (35.5 68.00
Sicu-pira 1061 918 024 7( "5 253.5

Averaese fox, Urea-formaldehyde Hos in

7990
64.5
14.4::
'73.0
36.5

Agmino,
Macacatiba
Pats armare1o
Pau r~xo
Sucu airs

681
751

1150
1051
1248

867
1068
1176
856
965

819
897
707
30
554

89.0
99.*5
79.5
5305

30.5

83.5
70.0
70.5
49.5
45.0

63.5
64.5
36.*
15.00
13.0

Averages for PIheno1-4orvaldeh~ide Riesin

Agano
Macaca-4ba
Paua amare1o
Pau rfto
Suvupira

843
945
1114

110 7

530
1034
1187
1297

920

600a 80.5
9i45 74.0
'777T 51.0

1099,0 81.0
1W7 1.5

66.0
G00.J
41.0
45,
14.5

62.0
56.0
32.5
01.0
2090

-,Vera ge of 9
* Average of 7

test speck-lenses
test spec lmnsb.



Table 22 - Soaked and D.F. E vT. strength in poreant elf dx7
strenrL

speci2es ! ilLiDry 1.1 iM

figuano 100 43 54
mnocaib:.10 41 15
Pau amarelo 100 27 4
Pau r6'xo 100 22 41
Sucupira 100 40 41

Species .. _ s ore4 zo-fom~deahy
'Dry Soake'd D.F. E.T.

guano 100 106 10v
ats l .7a 100 100 322

Pau aarelo 100 90 117
Pau ri~xo 100 87 75
Bucupira 100 88 79

Species --ea oral+$l 1o

Auno 100 38120
M~acaAiba 100 144- 119
Pau amarelo 100 101 81
Pau rOixo 100 al 357
Sucup2.ra 100 717 44



YabLe 22 ooutii~~teQ.

Species Phenol.- formaldeh _ e

Agiino 100 75 71
,ccuo:100 109 100

Pau amrailo 100 106 70
Pau r&.o 100 97 632
SuOupira 100 78 89
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TABIJ3 1.

Stroe In pounds .r Mare lash. peit of

Wood Failure and TnMe of Failure.

Olue used: CABRIN

Area under Stross: 2/~

Plies Thi fkasases:iUs

Total Total
toad Stress
(lbe. . ~.a..)

350 700

510 620

360 780

365 +f730

575 ISO

500 600

378 750

Sa0 760

590 780

150 300

120 240

100 200

130 260

140 280

225 450

120 140

125 250

500 600

100 200

100 200

1L20 240

190 560

hoed Type Condit ion Date Rearks
Failure of Tested T..ted

ailure

50

10

40

10

96

s0

100

10

a

10

0

0

0

0

0

0

Shar

w

Dry

"

12/1/46

.

N "

w R

* r

w R

r

w Raia seetles

N . r

TensiS

she

"

w

"

r

"

" to w Dry joint
R

S

S

w

S

Soaked

"

U

.

r

R

r

R

U

w

"

" Drypatehs of glue

.

"9

10

0

0

0

0

.

"

w

. Dry patch"s of glue

"

* D.F.L'Is. u2/5/45

r r

ladial soot Lea
75% of wonking area dry



TA5IZ 1.
(...aa4a 6)

Total Total Wood "yp ~ itio Data 3 ks
Load Stre.s Faillue of Tated ?a ted
(lbs.) (.a. i.) Failure

285

200

1051

130

175

558

185

570

400

20

250

350

710

370

0 Dry 12/ 5/a 30% of wwkiuB area dry
slate improperly
out

0

0

0

0

10

0

"

A

" 0

w 0

s " w

w U U

"

"

w 70% of vmking area dry

s

95 190 0 w "



TASLI 2.

Stress in poundsEpE square iinh, pereent of

Wood Failure and Type of Failure.

SpEMI": MWMAURA

Glue used: CABBIE

Area under Stress: 1/2'

flies Thieknesses: 1/8

Total

lb.j

360

475

4.5

525

325

410

470

m5

130

00

a"5

520

240

145

185

300

215

500

200

Tofa
Stress
(.s.i.J

T00

1360

1010

960

1250

990

650

650

82

940

260

260

00

40

640

480

in0

570

600

450

600

400

50o Type Cont ion Da Remarks
Failure of Tested Tested

20%

81%

0%

20

0

shear

w

Dry

3

11/50/%

w

w A

w

w "

*

A w

* A

w a

* 11

w soaped

a R

* w

a w

a a

* "

a a

a

12/a

" Speie failed uhile setting It
In washine.

a Dry pabehee of glue

w 30% of working ar-ea dry.

w

* 20% of working area dry.

M 30% a R U

0

0

0

0

0

2

0

0

0

a D.F.L6T. 12/5/48 80 a

R af N so

w

"

w a



TABLE 2.
(seant!d).

Total Total gybod Tye CuitLou Date 3 ka

Load Stress Failure of Tested Tested
(lbs.) .s ( i.) Failore

gas

315

ISO

560

246

240

210

275

770

630

760

40

4SO

420

560

10

5

0

0

0

0

0

0

shear

A

w

U

D..3T

w

w

w

12/5/46 W0% of working area dry

" 3%da working area dry

" 30% of working area izy

w

" at o working area dry.



TABIZ So

Stress in powda peer square lash, pereest! or

Wood Failure and Wye of Failw*e*

Spec ies : ?Al AMA ILO

Glue used: CABII

Area under Stress : 1/2"

Plies Thloknesses: 1,/8'

-T.tsI Total Woed
Lead Stress Failure
(lbs.) (p.se. . )
475 950 5

440 680 60

390 T80 40

550 1100 100

440 880 100

440 8No 100

550 1100 s0

8ss 1130 10

$50 1260 100

370 740 10

20 520 0

0 0 0

165 33o

00 00 0

00 00 0

is 150 0

65 130 0

100 200 0

170 340 0

00 00 0

00 , 00 0

Type
of
Failure
Shear

OeMd it Lea Date
Tested Tested

Iomk8

Dry

w

A

A

12/14/46

D iageza graisa.Rdial surf...e

* cres grea

N radial surfass

w Dau al p'aineIad il Surft*e

12/146 30% of the working aea dory

* Speoimn railed before testing

w

sha

w

a

a

seated

w

w

a

a

a

* Specimuen railed before testing

oa a w a wa

w

A

a

a

A

a

w

w

R

w

" Spe oimen failed before testing

a D.F.E.Tl. 12/21/46

a a a

Spesimes failed during S
soaking

50 100 0



TABLZ 5.
(0a"sI g)

TalTotal Wod Type Conition Date RNmrks
Load itross Failure of Tested Tested
(lb*_.) (s.i. )Failure

50

00

575

355

75

255

$20

145

100

00

1150

710

1sO

510

840

ago

0 sh~ear D.FJ.*T.

0 .

12/'21/48

" spe~ fm ailed while s.tt ift
it into mash in.

" Slots not out deep enouh0

30

0

0

4

0

w

R

w

.

"

" 5W% of the working area ft.

w



TABLE 4.

!tress In aod pea suare inch, on of

woodFaiure crd of Failure.

30 les AC ROE

Glue used: CASSIA

Ara neSr es:l2

PlesThans: S"

Toa Total Wed Type Coed tion at R ks
lend Stress failure of Tested Tested
(lbs. .a.i. Failure

26o

520

560

425

2704-

495

35

395

586

000200

469

ON6

2008

765S

855

488

891

603

711

10s3

380

I

25

T0

20

TO

so

90

50i

15%

75

0

Shear

A

Dry

«

113

* A

w "

* r

* w

* w

r w

"

"

"

r

w

s

r

r

w

w

" Soaked 12/N146 80% of working
not out

area
deep

dry. slots
ems

00050 90

OOQ T5 135

0 170 we

000. 152t"

000140 J-

000*50 90

000100 180

00000000o

000000 00

140 252

"

0

0

0

0

0

0

0

"

«

r

w

r

6

' WX ofuanrkigarea dry

* 0 of working area drw.81.ts
sat out deep enonh.

w 50% « w w r

s 70% w w w U

" Speir failed while setting
it into =shin*

s

a

0 Shear D.F.L.T. 12/5/46 30% of working area dry.



fAB1~I 4.
(eout 'd )

LOAd

(lbs.

225

300

135

115
135
200

195

135

Yotal W@@d
Itrees yailure

315 0

405 0

so0 0

243 0

201' 0
243 0
360 0

351 0

243 0

Tpe Cad i e ae Im
at Tested Teeped
Feailure

Surer D.F.T.

N

.

N

U

'I

r

w

w

w

I,

w

R

12/x5/44

* 50% of moksa area dry.

w 50%'

* 40% of making erea dry.

w 3o% of warking area dry.



TABLI S.

Stress in pounds per square insh, p~et of'

Wood Failure and Try. of Failure.

Species : SLKCUPIRA

Clue used: CAShIW

Area ider Stress:

Plies Thicknesses:

1/i'

i/sm

Load
fibs.

370

365

460

350

365

390

450

300

455

410

000

225

175

00

575

00

165

125

230

195

170

00

Total Wod Tp ont ioe Dte omk
Stress Failure of Tested Tested

) 4.s.i. ) Failws

66

657

664

639

657

702

610

540

619

738

TO

S

10

T0

0

0

0

0

T0

0

0

0

"

0

0

0

0

0

Shear

w

Dry

"

12/14/46

* w

* 3

* "

3 U

U

3 r

Cress grairw

r 2%dry joint

"

"

1W410S

315

00

675

00

53

225

504

351

506

0

sher

w

"

"

leaked

3

"

r

"

3

U

w

3

U

"

"

ipesiasa failed while setting
it in the iehim

0

0

0

0

r Spes ism railed while setting
it in the mh ine

U

r Specimen failed while setting
it in the m ehiam

3 .F.L.T.

S U



1ABL1 fie
(sealt 1d).

Total
toad
(The. )

170

00

120

135

335

75

a25

300

To1a Wood Type
Stress ?ailwo or
(p.s.l.) Failure

306 0 Shei

00 0

216 0

2"5 0

603 0 Tension

135 0 Sheaw

5"5 0

5"0 :

Codtion Dae 1 r
Tested Tested

P.7.3.?.

U

1a/s/~
U ips en failed while setting

It in the uaoh I*
.

A

.

U

" Tans ion duae to improper
sting of slat

K 1% of working area r

A C% of working area dry



TABLX 6.

Stres is pounds per square i1mb. poeWn et

Wood Failure meAd type of Failuro.

Spooi..: AQUAUO

Glue used: RESC IROL

Ara under Stress:"i

Plies Th ieknesses : 1/e"

Total
Load
(lbs.)

435

256

530

190

a60

STO

230

370

430

325

405

S7s

275

116

50

435

435

450

410

Tal
Stress
(P.s.1.)

670

510

1060

30

So0

740

460

490

790

740

$60

650

610

T50

550

230

720

650

870

670

00

60

lWoo Type Cat on Date Nuk
Failure of Tested Tested

Failure

so

100

10

so

96

100

S.

84

so

s0

98

100

a5

100

60

100

70

go

Shear Dry

w

1z1/
Radwa seetios

" w

* U

R "

A "

w U

w "

* "

" w

" w

w

* Radial aetimn

* Radial section

* "

"

* Radial sset ioa

" spasres bro" at as old
shear failira

a

"

"

w

U

"

" U

" I.F.S.?. 12/17/46



TABLE 6.
("eAt '4.")

Toal Toal Iee ype u"to t eak
Loam Stress FailUre of sted lested
(lbs.) (p. s. i.) Failure

590

360

455

445

310

305

760

720

910

WeO

620

610

To

95

95

'5

sheoar

. 3

U

r

.

*Cress vega

. U

w

.

: posesm broke at as old
shear :taillre

370 740 90 aal.taDiaz aestion



TABE?.

Stress ini ud pe suare inch, B at of

WodFiuead*eo Failurel..

Specieos: S(CAC.AIBA

Clue uased: U5OS INOL

Area under Stress: .1

Plies Thlekieass: 116

Total

410

370

450

a05

850

500

35

450

440

315

375

460

545

615

315+

560

485

45

45

325

820

560

Tota
stress
(pose .)

620

740

90

1210

15s00

1000

690

900

660

850

750

920

1090

1230

630

1120

970

6m

670

650

1640

1160

Weed Tye C t AIo Dt baks
Failure of Teisted Tse

Failure

96

70

50

50

96

60

40

10

a5

g3

20

100

10

95

wear

U
Dr 1284

" "

" w

* "

* .

"

U

"

"

"

"

U

She
loaee

" "

* U

w "

" "

' D.F.D.?.

"

is/z/4s

* Cross Pain

" " S

"

.

1/2/47

"



TABIA 7.
(eat Id *)

Total Tosa Wod TW Cadt~ t, em
Load Stress Failure of listed Tested
(lbs.) (pssi.) Failure

S00

b90

d65

215

1001

1000

1160

1110

118

910

wo0

510

"W+@-

20

90

40

lo5

10

5

Sheow

.

D.F.
1/2/47

U

"

R

"

"

U

U'S "



TA3LB 6.

Stress in F a Per squar'e iiwh Eeat at

WodFalr adTpe a ilur.
1

Yw es e: PANAMjARLW

Qluoe wd: RMI3RCIIOL

Area under tras 1/

ToalToa
Load Stress
(lb.. )(jps.i.)

400 g00

400 600

565 150

73O 1460

555 1110

59" 790

0 o
500 600

o 0

560 LM3

840 480

490 960

195 S90

415 650

270 54

420 640

545 1090

525 650

265 5T0

Wood Type Conditiam Date Eearko
fti lure of Tested To"e

Failure

16

0

60

20

60

20

0

s0

20

15

20

50

20

Shear

w

Dry

w

14/47

f

U

* A

*

w w

* U

w "

s

" w

w

' Speia tailed before any
lead sould be re"d

w

* Speos failed beoreo OW
lead suld be road

f

* w

w U

w w

1//4

w

"

s "

* #

* w

" U

"

f

"

755

675

480

1510

1)50

Ow0

6o

5

0

U

" D.L..T.

* U

a w a



TABIZ.
(oeat .. )

sea Tota 1W Type Co dtaIn aE* Remrlcs
L mf ti... Failure of Tested o
(lbs.) (p.s... Failure

620 1040

520 1040

580 1160

10 Shear D.34. 11,147
10

50

0

IS

w

w

w

"
* Spesimen .ollapsed while

setting It in the mehin
00 0

435 970

w

w

128 250 0 " "



TABILZ 9.

stress in pounds Der squsre inch, perenit of

Wood Failure endl gype of Failure.

Glue used: WROMGL

Area under Stress: 1/2*

PlesTh k sst 1/'

total
Load
(lbs.)

600

890

310

3175

370

305

450

395

S370

840

320

425

375

S20

390

435

395

275

555

375t

350

TOtal
Stress
(p~s.iO)

1030

1242

6'75

66

549

610

711

86

578

785

875

578

702

783

711

495

99.

875

630

Type awdts ae Nmrk
Failure of Tested Tested

Failure

15

TO

70

70

90

10

so

95

so

75

30

80

TO

s0

90

40

15

100

96

100

90

Shear

"

Dry

r

U

s

s

w

"

"

' ere"sgrain

* Spesimm broke at anmeld
Sheer failure

U Ur r "

A

13/3/46

" Diagenal grainofladial setion
Ube

soaked

a U

a U

" U

A E

w

U

U

r

w

!

* Cress grain

' 9.F. 3.T. 12/'?/46 Spee iaem broke at a old
shear failure.

340 612 60 UUa " a



TA.BLE 9.
(t 'd o)

total Total Woo Type of Co tio Dto Resmrk
Load Stress Failure Failure Tested TeOt"
(lbs.) (pose..

425

260

350

6

800

766

450

630

459

540

so Shear' D.?.LTI. 18t/4/

100

100

10

w

A

"

r

"

r

A

U

* Spesimen brake at a o24
sheer failwe

* " s U U

"

"

* Speos n brake at a old
cheer failure.

60 1044 T0

100225 406

300 640 s0 " w "



TABLE 10.

Stress in pounds per square ineb1 perent of

Wood Failvare and Type of Failur.

SUpsie: USupIRA

Blueused: 35110NL

Area wider Stre: i/ 2

Pile Thiokuelsses: 1b

Thta Toal ood Type Cdition Dt eak
Lost Stress Failu r: of Tested Tested
(ibs.) (p.s.i.) Failure

425

765

680

8

450

SW0

825

476

750

1224

1242

810

1080

1125

6si

100%

100%

100%

100

20%

300%

Shear

S

Drn
U

ias/
COre grain

* U

w S

S

U

* Specimen warped?enstes

U

shea

iS

D 7
U

U

U

U

w U * bees tam broke at as eli
shear failure.

a8

715

355

5"

s65

575

45

825

505

585

5"

783

1287

sos

9",

as5

105

619

1125

909

695

1017

70%

10

10

60

WO

10

S8

10

1s

40

:8

* haked

* Radial setiom.

12/2/46

* Cress grain

* S

* a

* a

* S

* Radial satien.

a

a

* Bps.~o jan roe at as eli
shear failure.

410 75 20 a a S



TANIS 10.
(ent *d o)

Ttal Tal Woo Ay C itos ate te t

Lod Itrs Pailure at Teoted Tae
(lbs.) (pesel.) Failure

530

220

426

00

506

500

450

515

535

954

396

765

an2

909

9w0

410

927

963

s

40

25

sO

60

a4

40

Showr

w

w

w

w

"

U

.r.3.

w U

w

w

M

U

w

w

w

"

A

w

R

w

w



TABLE Ul.

Stress is pounds per square insh, psarent of

tood Failure and type of Failure.

!Muoist AaUANO

Plies Thiokeses: Sma

Total~~~~ Toa ed Tve niia "t Remark
Load Stress Failure of tested Tested
(lbs.) (20.1~.) Failmve
460 920 100 shear Dry 22/122/46

410 820 100 w

330 660 96 " 3

385 770 100 3Radial sest ion

290 680 100 3 "

350 700 100 w 0

435 870 100 USpas Ims. broke at a old
sha ailure.

420 N40 100 ' ww Radial Goadio

350 660 100 3 . U

16 390 350 9 3 w 8pme ruan broke at s old
" shear falure.

170 740 100 Shear Soaked 12/20/46 Radial Sect

360 720 95 "

375 750 100 3Radial Seetien

420 84 9653

560 1120 100 w 3

460 300 30 w 3

560 720 TO3 Sposee broke at a old
sheer failure.

455 110 70l w 3

475 950 96 Radial leetion

510 logo so 3

Ew 'drP s " w ~ A
WVU 10jav w &qxteo -



TABLE 11.
(emait Id .)

Total Total wood Tpe Coedit as Date R~mrks
IMea stress failine st Tested Tested
(lbs.)1 (P0s010) Failure

3*6

405

$T0

615

38

290

3"5

505.

270

770

810

740

1230

730

80

770

1010

540

100

200

is

1L00

s0

10

100

60

70

Shear

A

M

U

U

"

"

R

"

D715J.
w

U

R

R

U

R

R

22 /24/4 Radial sction
" w "

"

R

" speelmn broke at a @14
shear failvre

"

* Radial seat Iam

"

* Radial section.



TABLE 12.

Stress in "od e sgqare inch. erst or

WMAd Failmre and Type of Failure.

Spool"s: MACACAUBA

Glue used: On1

Area izeder Stress: 1/2"

Plies hioknssse: 100

Toa
Total

(lbs.)

4-

325

300

140

3150

245

515

550

610

60

5W0

$60

460

425

410

530

590

Stress

970

650

670

600

M6

T00

490

1050

700

1220

1060

1560

110

1100

Sa0

ago

020

1100

1140

1570

2160

Wee Type Coedin eaDae srks
laIre or Tested Tested

Failure -

100

100

96

10

100

100

100

100

100

100

5

60

30

90

50

100

so

shear Dry

3

12/21/46
"

U

Teinsiona

A

Show

Tens io

sheor

U

.

.

Cross phain

w

" Cress graft

* . "w

.

f .

*Soaped

" w

* .

w U

* U

R

12/20/46

* Rod ial Beot ion

" Radial Lesticn

* 18% of verking area dry

" 4+0% of mwking ara r

" 5$of wking area dry

5, 30% " "

" Cross almi

690 1360 100 . "



TABLB 12.
("amt #do)

Total Total
Load tress

i p o }(8 
i 0 0

5T5 750

4" 970

410 no0

275 550

425 850

485 970

4T0 940

W.4l Type Co dt ic Dat Remaks
Failure o Tested Tested

Failure

25

100

100

40

100

100

i5

Slsear* D.F.L.T.

a

"

"

S

"

"

a

f

w

"

12/24/4e Dr~y joint

* Caress gain

" Radial seatim*

" Radial seetiws

"



TABLE 13.

Stress in pounds per squasre izinh* pereeut of

Glue. used: UREA

Area under Stress:

Plies Thicknesses:

1/2 0

1/a.

Total Toa led Tp odto ate Remrks
Loed Stress ?a lwo of Tested TSted
(lbs.) (p.s.i. ) Faiure

625 1260 100

700 10 100

455 910 40)

550 1100 95

445 690 100

640 1280 s0

340 680 100

a00 1600 40

50a 11680 100

sis 1310 90
$35 1070 100

540 1060 5

555 1110 95

530 1060 100

635 1270 96

465 970 10

7"5 1550 90

565 1130 100

675 1350 40

85 1170 7O

Shear

a

Dry

a

12/20/46

"

a a

A 1!

! a

a a

* Soaked

" w

* a

* a

" a

N IS

af N

a

a

a

a Xadis.1 saotion

w

a

a

U

A Specimen broke t as old

shear tailuare

Radial section

f1

U

690 40 69 40* a D?..T. 12/24/46 Radial seto



TABE 13.
(amt'd. )

Total Ta1 Wo Tye CozAti Dae Roa
Load Stross Failureat o tooted ?eoted
(lbs.) (.s.i.) Failuare

465

625

In5

200

415

566

510

370

175

w3

1o0

260

400

630

1110

620

740

350

15

40

6

10

40

6

She
DJLT

w

"

"

w

w

w

"

r

w

w

"

U

1224/4"

r

r

w

r

U

w

r



TABLE 14.

Stress in pounds per square inch. prAnt of

Wood Failure and Type of Failures

Sp8 Lee : PAVIOX

Glue Used : MU

Area under Stress:

Flies Thicknesses:

112w

1/80

Mal- tTl
Load Stress

Wod Type codt ion Date Remrks
Failure at Tested Tested

Failurelhs.)

470

670

475

385

45

425

525

585

55

770

165

440

680

290

5"5

200

2T0

520

940

1340

1950

770

870

1060

1070

1540

330

560

280

1150

990

540

21040

15

30

70

i5

'75

30

90

70

90

s0

10

T0

10

0

Shear

e

e

"

"

"

r

e

"

Dr 1221U

Rediael seat len

" "

w

U

f

e

"

w

w

"

"

A Rad ial seation

"

" Soaked

w 60% of working area dry

" ( of working area try

s0

40

s0

100

6o
85

"

w

"

w

U

R

M

4

"

"

"

"

e

M

U

D.F.L.T. 12/24/48 Speoiimn shmw" delaninatiom
1/8w deep in mme edge

105 570 5 UU
" A "



TABUE 14.
(gout 'd4.)

Tot. Ttal Woo Typ Codoa Date Itea

Load Str.e Failurbe of Tested Tested
(lbs.) -(~~. Failure- -

326

276

650

550

s0 shear DJF.ZT. l2/24/46

00 00

655 1070

30

0

30

00

if

"

r

A

A

A

"

"

"

if

r

" speo iuaan failed while
being set in the ohiae

o Slonts nat out
deep encntch

" Spesima failed while
being set in the umehine

A 3pas in" showed
delmination '1/'' deep
In one edge

"

"

A

200 6

190 r

50 100

290 5W5 . 10 U A R



TABLE 15.

Stres in pounds per square inch, pEtont of

Species-# SUCIJPIRA

Glue used: UREA

Area under Stress:

Plies Thicknesses:

1/2"

1/6'
EMEMEMOMMENOW

Load
(lbs.)

875

550

436

550

44s

75

6'70

550

720

725

645

585

500

425

360

545

615

60

580

515

60

165

Total
stress

(ps.i.)

1760

1100

$70

1060

890

1470

1540

1110

1440

1450

1060

770

1000

a50

720

690

1.250

1110

1160

1030

1500

550

Failure

20

10

40

10

20

30

40

40

10

100

5

so

36

100

40

10

60

10

10

15

5

Type
of
Failure

shear

U

w

w

U

w

1,

U

R

w

shew

"

I,

w

Conti tion Date Remarks
Tested Tested

Dr

12/21/48

"

w

w

w

U

w

U

U

w

U

U

w

U

w

Soaked

w

12/20/46 Radial section

w

"

"

"

w

W

w

U

"

w

U

U

M

'U

" Radial section

w m w

w

U

w

w

w

w D.Fr.LT.

* w

w

12/24/46 Radial sect ion
"



TABLE 15.
(cent'd. )

Total Total noo ayCnd it ion Date Remarks
Load Stress. Failure oaf Tested Tested
(lbs. ) p. s.i. ) Failure - -

0 00 Shesi'0 D.F".T. 12/24/46 Sp..iuen failed while
beinag set in the
wahine.

" " Radial seat ion385

415

220

70

290

175

400

770

630

440

140

580

350

600

s0

10

20

0

10

10

10

N

"

M

w

"

U

N

"

w

M

" Radial section

w

w

w

U



TABLU 18.

Stress in punds per s ure inch pecent of

Wood Failure and Tipe of Failure.

Species:. AGUANO

Glue used: NLFRMALDMDYD - TWO

Area u~nder Stress: 1/N

Plies Thioknessesz 1/80

total

(lbs.

415

440

415

355

275

470

580

490

325

460

500

330

345

295

.arti
Stress
(pse-is)

630

660

630

730

550

940

1120

9n0

850

920

1000

660

890

590

od Type- Cond it ion Date Remarks
Failure ot Tested Tested

Failure

100

T0

66

95

100

100

15

100

100

40

70

95

35

100

shear

U

U

w

w

Tension

Sha

w

w

Dry

w

12/29/46

w

Radial sect ion

w

ti

w

"

w

w

U

* Radial seat ion

w w w r" r.

"

w

a

w

rw

I* Soaked

U w

" a

12/30/48

* Radial soot ion

w

Tens ice a w Spas inen broke at an old
shear failure

315

335

260

330

226

195

145

385

630

670

560

660

450

390

290

730

95

60

s0

90

0

15

0

95

Showr

w

w

w

w

a

a

U

U

a

w

w

"

U

w

w

" N.BT

w a

w

2/3/47

U



TABLE 16.
(Gout Id. )

If 6ta1 VThal Wood TYPe Codti Date isuarks
Load Stress Failure of Tested Tested
(lbs.) (p2.i.) Failure

315

375

360

226

240

480

650

750

720

460

480

960

50 sheer D.FPJ.T " 1/3/47

70

100

100

"

"

Tension

"

U

U

U

U

" Specimen broke at
an old shear failure

"30 Sher

80 "

"

" Radial seetion

185 590 100 4 a " #



TABLE 17.

Stress in pounds peg' square inch, peret of

fbood Failure and Type of Failur.

Species: W.MACAB

Glue used : PHENOL FOR kdDtE$iYDE TEGO

Area under Stress: 1/2°

Plies Thicknesses: 1/8

Total
Load
Llbse)

610

625

415

340

425

400

460

515

650

490

320

525

600

615

520

540

475

560

605

410

550

120

Total
Stress
(P.s.i.)

1020

1050

630

880

840

600

920

1030

1300

980

640

10560

1200

1230

1040

1080

950

1120

1210

620

1110

240

Wood
Fail I 

Type
Lre of

Pal

Condition Date
Tested Tested

Hemarks

95

60

100

5

s0

100

50

90

5

95

10

60

90

30

30

50

100

96

50

90

95

a

Dr

12/29/43

.

.

U

.

U

w

"

w A

A

w

w

Soaked

w

U

U

A

D.FJB.T.

w

w Cross grain

w

12/30/46

w

w

w

A

.

1//4

U



TABLE 17.
(cent *d ")

Tos !tOl S.d Type CoN IMio Date Remarks
Load Stress Failure of Tested Tested
(lbs.)_C... Failure

306

415

360

560

520

655

610

610

610

830

760

1110

1060

1310

1220

1220

20

20

100

100

40

s0

so

so

shear

"

r

D.1..T.

w

if

w

1/3,/47 Cress grain

w

U

M

A

"

U

w

w

w

w

U

w



TABLE 16.

Stress in pounds per square inch, percent ot

ooFailure and Ty of Failure.

Spec ies: PAIL AMAREW

Glue used: PHNOL FOR ',ADE.HDE TE00

Area under Stress: 1/2'

Plies thicknesses: 1/80

Tota

(lbs. )

450

50w

M6

625

65

435

685

690

690

675

535

765

645

610

605

605

415

620

505

630

530

470

Stress

(p" s. i")

900

1000

710

1050

1170

670

1330

1380

1360

1350

1070

1530

1290

1220

1210

1210

830

1240

1010

1260

1060

940

Wa Type C t adz Date ewarwks
Failure of Tested Tested

Failure

100

95

100

5

40

100

10

5

8

50

96

5

0

60

100

40

0

T0

0

40

6

30

Tension

shear

U

w

U

w

w

R

Da

12/29/46

R

M

w

U

R

U

w

w

U

w

U

w

w

A Soaked

iU w

U

12/30/46 Radial section
U

A

U

w

"

w

w

U

wA

A

U

w

w

U"

"

w

"

1/3/47

w

R D.F.ELT.

R U



TABLJE 18.
(soat !3. )

? atl Total Wo Typ C ondit on ati Rena rka
toad Stress Failure of Tested Tse
(lbs. ) (p.s.i.) Failure

595 1190

450

220

900

440

100

25

0

30

0

s

U

s550 110

Shw D.F.Z.T. 1/3/47

U

"

R

I,

a

U

w

I,480 920

550 1100

510 10*0

so tens

is shea

U, Specimen broke at an
old shear failure

it

550 11OO 70 Us U



Stress In oud 2l Square insh. psatOf

Wood Failure and 1 ype of' ?ailure.

Species: PAUROIO

Glue used : PRZIL POP MLAMtD TWO0

Araune tress l1/2

Plies Thicknesses: 1/8"

Total

(lbs. )

160

785

546

860

676

800

740

T45

65

540

730

b6

390

630

65

750

7"5

610

580

840

4TO

Tatal
Strea
(20601.)

1520

1570

l090

1300

1350

1200

1480

1490

1270

1060

1460

1030

TOO

1260

1310

1500

1570

1220

U60

1680

X10

en~to to ReMark
Pailure . Tested Tested

-m- - FailureONmo

Ts

a5

so

so

90

100

90

60

100

100

10

95

10

90

100

60

90

40

10

so

TO

Sheow

r

"

.

"

if

U

R

Dry

A

12/29/46

w

w

a

"

w

a

r

r

.

w

w

" Soaked

a w

"

w

.

w

R

a

A

"

w

"

"

U

w

.

1230

"

w

"

"

U

w

2,/3/47?r D 1]6T.



TABLk 18.
(**at "d. )

Load S~tream Failure of Teted Tested

(lbs.) (P.s.i±e Failure

620

460

605

800

7*5

510

ran

1240

1150

1070

920

1550

1U00

1430

820

l0o0

30

20

90

30

Shear
w

"

n

I,

P.L.T.

w

N

r

w

R

w

w

w

1/3/47?

U

w

M

w

"

U



TABI 20.

Stress Ii pod prsuare inh, peeert of

WoW Failure and Type of Failure.*

Glue used : PhkAUL F UkjAL DWUD TWO

Plies Thicknesses. i/V

Total
Load

0

510

705

460

646

a"5

$55

710

600

735

1SO

655

360

440

420

506

410

175

550

Total
Stremm

610

1220

1410

420

1240

1710

1110

1430

1560

1470

M6

1310

760

ON0

s40

1010

630

360

1100

Wood Type Condition Date Usmarks
Failure of Tested Tse

Failure

0

60

0

0

t0

0

0

1M

20

0

30

15

0

30

40

6

20

0

5

0

5

Shear

w

Dry

ft

w

w

3

ft

ft

ft

w

I,

U

w

U

w

"

w

M

r

w

a

w

w

U

12/30/46

w

ft

4 Cross grain

U

ft

w

U

ft

"

"

a

ft Resin was nt eured

D.F'.LT. 1/3/47



TAB~iI t0.
(wont d,)

ortal Total no"d Type odtnDaa s
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