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Preface

This work was carried out'aS'évSpeeial prcblem in the
School of Forestry at the University of Michigan. It is
hoped that the results of this work will increa&fthe existing
“knowledge of our South Americam woods. As there is no record
of similar work ever having been done, this report nay}be of
value to many of the wood uéing industriea interested in the
possibility of using species from South America . Although
the work did not cover all possible meihods of gluing, it is
.at least a good start. However, much more work will be
necessary before definite conclusions can be drawn on the

gluing possibilities of these woods.

The author wishes to thank Mr. D. W. Cleverdon for the

- assistance rendered by him during the testing work. The

~author is also indebted to Professor William Kynoch for the
v v_ ' .
information and comments supplied by him, also ProfessorJ.k.

Thornton for accepting this report in his English 6 eourse.
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The Shearing Strength of Glued Joints of
Several Species of Seuth American Woods

Made With Commercial.Glues
Introduction

With the increased;' use of wood in plywood and.veneegx
form, a great deal more emphasis has been placed.on-the
gluing properties of wood. At present there exists extensive
knowledge on the gluing properties of most of our native
woods;, however there is still a great deal to be learned about
these properties,

This work was undertaken to see how the technique de=
veloped for gluing our native woods would apply on several
species of wood from South Amerieca. The use of these South
American woods is rapidly increasinés and as the supply of
our more valuable native woods becomes.exhauéted this de-
mand will increase greatly. Work on the mechanical proper-
ties of these woods in solid form has already been completed
and will soon be published, but there is no published account
available showihg results of testing these woods for gliing
ability. (2) Thus this work should be accepted as an ind-
ication of whét can be done, but more tests should be carried
out before definitely saying if a particular wood can be
glued or not. |

Specific Objeet

The speaifievobjeét,was stated in the "Working Plan"

submitted before this work was undertaken.



Procedure

The procedure was also diseussed in deﬁail in the "Work-
ing.Plan! However as some changes were made a discussion of
these changes will now be given. The procedure previously.
outlined was folloﬁed up to the point of ecutting the slides.
When this part of the work was undertaken, it was found
impossible to cut slides from some of the wcodsvand others

could only be cut in a longitudinal direction. This was due

‘y}-rf{:ﬁ:@/ waaui, .

- to one of two things, namely; the woodcwas tqfhard,td be cut
N ' -
with a micratbpe knife, or the use of formaliq% was not a

successful method of softening the wood. { Formaliné has been

ctale Lo

the recommended solution for softening glued woods as it does
not react with most glues and thus break the glue lineﬁ Ca&ivo
and Imbuia, the only two low-density woods tested, were success-
fully cut in both cross-grain and longitudinal directions.

Purpleheart and Pau Roxo, two of the densiﬁted.woods tested,

ler efpr

could not be cut in either direction. When the attemnpt was made

i to cut these woods.the knife skipped over the surface of the

& blocks unless such a thick section waa_eﬁt.as to make it value-

é@%\less fo?‘microscbpie study. Some.bf the difficulty may héwe
.beeﬁ due toxzzzxtannin in the wood reagting-with the fermaliyé
as the latter was colored a deep purple from both woods. Thé
other woods were successfully eut in a 1ongitudinal direction
in most cases. Some of the sections §;3 quite thick,and thus
the bhotomierog:aphs appear to be outméf focus. This,appearaﬁce,
however, is ehtirely due to some of the wood,atruéture being

in a plane other than the one photographed.

2.



- Another factor which arose was that most of the glue joints
came apart in the formaliné. The only reason that can be given
for this is that the tannin in the wood mixed with the glue
while the latter was in a moist state. As a result most of the
photomicrographs show only half of the glue line, or at best ‘
all of the glue line but only one of the pieces of wood that was
bonded by the glue. Another reason for the lack of success in
cutting the slides with both pieces of wood attashgdvto the
glue may be due to the hérdness of the wood itself.' That is,
the‘micratgﬁﬁﬁknife had to be forced through the wood so hard
that the thin glue line broke under the strain. In most cases
however the §hotomicrographs illustrate the points desired very

well.
Results
Explaxnation of Tables

Table one is a compilation of the average results obtained
from the testing of each wood and glue. The data in the eolumn
"Solid Wood" was obtained from Professor Kynéchknd is the result
of work carried out by him. (2) The other data Was obtainéd'» |
from the tests carried out by the author, These average results
should not be considered tof\’ eri&ieally,as some of the individual
Jjoint strengths included in the average figures were abnormally
low, |

Tables 2 to 31 show the results of the individual tests of
the~giue Joints, each table dealing wiih one species of wood

: d
and one glue. The columns of these tables are self-explanxtory.

3.



The tables 3revgr0uped as to species, and the diécussion for

each species will be found preegﬁ&ing'the tables for that spe&ies.
The 150 pounds pressﬁre stated at the top of these tables is the
pressure per square inch applied to the blocks while the glue is
drying. The ﬁﬁsaembly and Time" indicated by a 15-C means 15
minutes closed assembly, that is,the glue was spread on the wood
and the pieces placed together for 15 miﬁutes before gpplying

the pressure.

ExplaXnation of Plates

Plate one is a graphiec d?écription of the figures in table
one. Each‘cplored bar representéﬁg a certain glue or the solid
wood. A key at the bottom of the page tells what each. color
represents,

Plates 2 to 23 are the photomiecrographs taken from the
slides, when the latter céuld be cut. They are intended to
illustrate the penetration of the gluehinho the wood and the

"thickness of the glue line.

General Conclusions

The discussion for each individual. species will be found
precefding the tables and plates for that species. It is in-
tended here to summarize those discussions and to point out
some of the future work which might be attempted to produce

more successful glue joints.

4o



General Comparison of Glues

Ih.considering the value of the glues ﬁseé for these tegté
no account is takeh of the presence of specific adhesion between
the glue and the wood. Little is known about this phenomenon
in the case of wooden joints, and there is no way of measuring
the value of such adhesion. It is known to exist however, épd
this exisgﬁgce is well shown by some of the photomierographs.
‘In many cases the jbinﬁs gave good strength values, but there

wasrvery little penetration of the glue into the wood.
Casein Glue

In general the casein glue gave the best results, and
would be recommended ko use if only one of the three glues

were being selected. This glug¢, however, teg@gd to be more

discolored by bhe tannins in the woods than the others, &it.

The higher percengage of failure in the wood with this glue

ey /‘%Pf" M‘lx{’/ W M

indicates that the bond between the glue and the wood was

also better.

WUJ@

Animal Glue g
hY
In most cases this glue also gave favorable results, but %%n
the strength of the joints was below that of the casein glue %ﬁ
on an average. This glue seemed to penetrate the wood better ?
"than the caéein glue, but it was noted to be rather granular §
in some cases after it had become dry. This condition probably g&
resulted from the actions of the tannins\;n the woods on the é
glue. ~_ AR

5.



Vegetable Glue

This‘glue gave very poor results in all cases and could
"not be used where high joint strength was necessary. H@Wever
this glue was developed for use in the manufacture of plywood,
and for most uses of plywood high strength is not essential.

A high penetration of the glue into the wséd was usually
obtained, and thus plenty of mechanlcal anchorage was prov1ded
to produce good joints if the glue 1tself had been strongew.
The weakness of the glue is also indicated by the fact that 7
there was very little failure in the wood in all of the pieces
tested. This glue, due to its high consistency, should be
applied by mechanical means. The results would undoubtedly
have been better if applied by a mechanical spreader as this

means insures a more uniform glue spread.

Suggestions for Future Works

Treatment of Wood

The use of some chemical treétment of the wood, such as
the caustic soda treatment recommended_by the United States
Forests Products Laboratory (1), might well be tried on these
woods. This treatment has been gpplied to many of our native

species containing a large amount of tannin, and the resulting ED

glue joint strengths greatly increased thereby. 4As most of

the woods tested contained a great deal of tannin, the same %%wr do
e ;*/) “fhad
treatment might apply to these woods. The treatment consists g ’
vJ"\ﬂ.-ﬁu /
of applying a ten percent solution of caustic soda to the '



surfaces of the boards to be glue&?ﬁ&fﬁe:‘gbeut“ten minutes
the surfaces_ff? wiped with g.cloth't@ remove any excess
solution or dissolved material and allowed to dry before
being glued. Miik of lime or an ammonia solution might also
be tried to see what effect they would have on the Jjeint

strengthe.
Increasing Pressure

As the penetration of the glues into the woods was quite %g
slight in most cases, it might be well to apply higher pressures

to these woods to see if more glue could be forced into the Woed

2 Lbﬂﬁ%%a%j’ﬁa aqu

cells and thus create better mechanical anchorage. A heavier § é
s b ¢

glue spread would then be neceSSary,however, as more of the “7 - %
glue would be forced from between the blocks at higher pressures§F3¢§
and unless care was taken. starved joints would result. ‘Q§§ %
o

Summary

Although the results of this work are not as complete as
was anticipated at the start of the work, they form a base
around which future work can be built. If more time had been
available, the suggestions mehtioned abave gould have been
tried. However, it-is believed the results of these tests show
quite clearly that the common ‘commercial practices in use today
in the wood gluing industriéé/will_haxe to be altered before
these woods can be glueg successfullye., Hcﬁever, itlshould not
be said thét these woods cannot be successfully glﬁed at all

until more study has been done to support these results.

7o
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Digcussion (Purpléheart.)

The results of the tests on this ﬁood'seem,to indicate
that the casein giue.gave the strongest bond between the wood
and the glue. The data in table 3 shows that in every case
at least'some of the failuré wag in the wood, while for the
other two glués the failure was almost entirely in the glue.
The average shear strength of the animal glue joints show it
to be the strongest however. The soy bean glue, a vegetable
glue, gave by far the poorest joints, however, as this glue
is intended for plywood work the demand for strength is not
aé great. In no case did the glued joints approach the strength
of the solid wood as can be seen in table 1. The moisture
content of the wood when tested in the soiid stste was 13.9%,
while at the time of gluing the moisture content of the wood
was 6.3%. This difference must be 6onsidered.and indicates
that the solid wood would be even stronger if tested at thé
moisture content when it was glued.

A caustic sodaAtreatment applied to the wood previous to
gluing would pgghaps aid in producing stronger joints:? This
wood contains a large amount of water solugble taquﬁf and it
was readily leached out of the wood by the maist glue. This.
tannin mixed with the glue undoubtedly changes the properties
- of the gluex and probably redﬁces-its strength. The caustic
soda treatment would reduce the 1eaphing action of the tannins
considerably.

As it was impossible to cut microscopic sections from this

wood, photomicrographs could not be gotten. However an as-

———
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wood. This assumption is based on the density of this wood
compared Eg.that of some of_ﬁhe other woods tested. £€m this
basis the penetration was very slight or,no penetration at ali.
A pressure considerably greater than thé'l50 pounds per square

inch used might increase the penetration: h@Wﬁver)anmuch heavier

glue spread would also be neées&ary. Qe &

In conclusion it may be said this wood cannot be success-

fully glued by the commercial methods used aﬁ present.,

11,
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Discussion (Pau Roxo)

This wooed has many properties similar té Purpleheart
previously described. The bond betweén the wood and the glue
seemed to be greater, however, as there was a largermpercentage
of failure in the wood with all glues. The lower strength
values of the joints with this wood over Purpleheart ﬁ&sy'
probably due to the higher percentage of water solugble
tannins present in the wood. The same coleration of the glues
from.thé@ood was present, but to a much higher degree. Thus
again the caustic soda treatment may well be recommended as a
means of increasing the joint strength. The fact that the
vegetable glue gaﬁe stronger joints in this case than with
Purpleheart, although the joints were atiil far teoweak for
most purposes, also supports the.belief'ﬁhat the glue is weak.

A comparison of the strength of thés wood in the solid
form with the glued joints a#bhown in table one, shows the
solid wood to be much stronger. ilhem the moisture content of
the wood at the times of testing is considered this difference
becomes still greater. The solid wood was tested at a moisture
content of 13.1% and the moisture content of the wood &t the
time of gluing was 6.3%.

It was also found impossible to cut microscopic slides
from this wood, and thus the penetration of the glue intqrhe
wood could not be studied. It is again felt, however, that
a great deal more pressure would be necessary to force the

glue into the wood.

12.



In conclusion it may be said that this wood cannot be

successfully glued by the present commercial methods.

16.
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Discussion (Morabukea)

The rééults'from the tests on thisvwcod in&ieateAthax
both animal and casein glue work equally well on an average,
the animal glue having only a,sligh§m§§§g: The vegetable glue
again gave joints that were by far iﬁferior to eitﬁer'of the
others. Water soluxble Efngimggwere again present but not in.
such large quantmties as to discoler the glue as with the two
previous woods. }'

It was possible to cut microscopic slides of this wood,
and thus obtain photomicrographs. These are shown in plates
2to 4. A study of these pictures shows that the penetration
of the glues into the wood was very slight. In the case of
animal glue, plate two, there was no pénetraxion at all.

The casein glue, plate three, has a wide glue line, but the
openings in it indicate that the pressure was not great enough,
A slight penetration is v1sable along the glue line of the
vegetable glue joint (plate 4). The lack of penetration in all
cases seems to indicate a much higher pressure is necessarys

A comparison of the strength of tgg_;blld wood and the
glued joinﬁs shows that the glued woqd could not be substituted
for the solid wood if high strength were necessary. This
difference in strength would be still greater if both tests
had been made at the same moiéture content} however the solid

wood was tested at 14.6% moisture and the glued wood at 6¢ 5%

s . . . 4 ' ‘
This difference in moisture ¥ffects the strength of the wood

considerably.

200
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Discussion (Cativo)

| The results of the glue joint strength tests on this wood
were quite satisfactory. The animal glue, table 11, and
casein glue, tableola, gave joints comparable in strength to
that of the solid wdod. One of the reasons for these favorable
results is due to its lower density; thus the wood could be
more easily penetrated by the glue. The photomicrographs of
sections of this wood show that the glue did penetrate the wood
quite deeply, see plates 5, 6, and 7. |

The wood does not contain any water solujgble tannins, but
it does have gum producing properties. 4s the wood was dry,
however ,the gum did not interfer}'with the gluing.

Although this wood can be easily glued, its softness does.
not make it especially valuable as a wood for finished work.
However it may find use as a core wood , another material for
which there will be a demand after our supply of chestnut is

exhausted.
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Discussioen (Pannﬁmarelle)

The results obtained from the gluing of this woed with
casein glue, table 15, were quite satisfactory. A4lthough the
Joints were considerably weaker than the shear strength of the
solid wood, they were the highest for all of the glues tested.
It should also be stated in thls connection m that the moisture
content of the solid wood was 12.8% at the time of testlng,
while the moisture content of the wood when glued was 5.9%.
This difference in moisture indicates that the glued joints
were evem weaker than the date shows. The photomicrographs
of this wood and glue, platég, shows very little glue
penetration, and thus an increasein pressure might produce
even more favorable results.

The animal glue joints, table 14, were unusually low, and
it ié believed this may be due to an interaction between the

. ﬁannins in the wood and the glue. The photomiecrograph for

Larnins
this wood,and glue, plate 8, shows that the glue line broke

away from the wood, and no penetrétian of the glue into the
wood is}visgble. Thus a caustic soda treatment and a higher
pressure might both be attempted to produce better results.
The results for the vegetable glue joints, table 16,
seem to be pretty well in line with the results generally
obtained with this glue. 4 satisfactory microscopic section

could not be cut, and thus no comparison can be made between

the penetration and the strength obtained,
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Discussion (Greenheart)

The ﬁésults obtained with both animal glue and casein
glue were quite satisfactory with this wood. Thé'ﬁhoﬁo-
micrographs show that the glue did penetrate the wood to
some extent, and thus provided mechanical'anchorage. It
is believed howéver that a caustic soda treatment would
increase this joint strength still more. The casein glue
formed the best bond between the wood and the glue as the
higher percentage of failure in the wood for this glue
indicates.

The strength of the vegetable glue joints again was
low, although the penetration of the glue into the wood

was reasonably good.
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The casein glue gave very favorable results with this
wood, giving-an“average’shear'strength ﬁearly equal td that
of the solid wood. However this statement is based on the
solid wood being tested at a moisture contentlof 10.7% and
the moisture content at the time of gluing was 6.0%. Some
of the individual joints were very weak howe;éf. This is
believed to be due to starved joints, a fault of the operator
rather than the woed ot glue. The glue penetrated into the
wood slightly, and thus pro&ided some. mechanical anchorage.

The animal glue joints were considerably weaker than
those for the casein glue on an average, qnd the smaller
amount of failure in the wood indieame;?iﬁe bond between the
wood and the glue was not as good as wigh the cagein giue.

The photomicrograph indicates a. deepernpenetration of this
glue into the wood than was. true with the casein glue, especially
along the rays.

The vegetable glue joimts were true to character and did
not show any real joint strength. There was a good penetration
of the glue into the wood however.

The caustic soda treatment might well be applied to this
wood also. Although there were no signs of a coloration of
the glue from the wood, thé wood contains a great deal of tanninﬁ?

which migh easily react with the glue.
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Discussion_(Imbuis)

The casein glue joints gave by far the best results with
this wood. It is hard to account for ﬁhis superior strength
with the date available. The photomicregraphs for this wood
and glue showggé-practieally'no penetration of the glue into
the wood. The wood however contained a large amount of Eﬁfﬂip
and it is possible that this glue was not affected by ite

The animal glue Jointé ¥ere very weak compared to those
of the sasein glue, being about half as great. The glue
prenetrated the wood well however, and it is again believed

the tannin is responsible for the poor strength. Thus caustic

"soda should be tried on this wood.

The vegetable glue joints remained low, although the glue
penetfated the wood somewhat. The joints were strong enough
however to be used for plywood, the purpose for which theiglue

is intended.
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Discussion (Massaranduba

The casein glue again gave the best results with this
wood. Its strength however was considerably below that of
the solid wood. The moisture content of the wood must also
be considered with its strength. The solid wood at the time
of testing was at 13.3% moiatﬁre, and the glued wood had a
moisture content of 6.2%. The casein glue also exhibited
the best bond with the wood. The photomicrographz indicates
that there was some penetration of the gl@ﬁ into the wood.

The animal glue also gave favorable results, and there
was considerable failure intthe wood: indicating a good bond
between the glue and the wood. The photomicrograph shows
only a slight penetration of the glue into the wood.

The vegetable glue remained in its class amd gave joint
strengths comparable to that obtained with the other woods
tested. The photomicrograph indicates a good penetration
of the glue into thewwood.

The caustic soda treatment and also an increased pressure
might well be tried on this wood in an attempt to obtain

greater atrength from the glue joints.
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Discussion (Sucupira)

The casein glue ag&in.gave‘superio¢‘Joints with this
wood, although the strength did not come up to that ef:thé
solid wood. The strength for the solid wood in this case
was determined at a moisture content of 12.2%, and that of
the wood at thé time of gluing was 6.3%. This makes the
difference in strength between the selid wood and the glued

‘wood even grgéter; as the shear strength of wood iqcreases
with a decrease in moisture content. A favorable penetration
of the glue into the wood rays can be seen in the photo-‘
micrograph; however the yessels adjacent to the glue line
contain nod glue at all. o |

The animal glue joints, although lower in strength than
the casein glue joints, were also quite satisfactéry. A fair
penetration of the glue into the wood can besseen in the
photdmicrograph. .

| The vegetable glue exhibited slightly higher strength
with this wood than it did in most of the other woods tested.
The phoﬁomicrograph also indicates a deeper penetration of
the glue into the wood thanbpaa existed with most of the
other woods. ‘

This wood also contains a water solujble tannin material
‘ﬁhich undoubtedly affected the strength of the joints. Thus
the caustic soda treatment would be well worth trying, and

higher pressure might also increase the strength of the joints.
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