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.ADHESIVES, THEIR USE AND PERFORMANCE IN STRUCTURAL LUMBER PRODUCTSl

By
M. L. SELBO, Chemical Engineer

,Forest'Products'Laboratory,z Forest Service
- U,S. Department of Agriculture

This topic 1is proﬁébiy too broad for adequate coverage in the time
allotted me. Furthermore, this grdup proﬁably wduld not be interesféd
in a detailed discuséiop of the numerous types of adhesives now available
for-bogding'wood,'particularlj those'thaﬁ are not of structural qualit&.
Consequently, I will limit @y remarks’to'the types.of adhesives that |
currently play the major role in the structural laminating field, namely,
casein glue and resorcinol and phenol-resorcinol resin adhesives. Since
this audience is probably most interested in types of adhesives that are
highly durable under practically any type of service, the greatest part
of my talk will be devoted to the resorcinol and phenol-resorcinol types,

as well as their use and performance in exterior service.
Casein Glue

The basic constituent of casein glue is dried casein, which, when
combined with alkaline chemicals (usually lime and one or more sodium
salts) is water soluble, Prepared casein glue comes in powder form, gnd

when mixed with water in the correct proportions, is ready for use.

1 ' : ) :
“For presentation at Symposium on Wood for Railroad Uses, May 26, 1960,
Chicago, Ill,

2
“Maintained at Madison, Wis., in cooperation with the University of
Wisconsin. : :




It sets as a result of chemical reaction and loss of moisture to wood
and air, Hence, 1its rate bf setting is affected by the temperature of the
wood and surroundiﬁg atmosphere, thé moisture cbntent of the.wood, and
other facpofs;. Longer setting time is required in a cold shop than in a
warmer one, and wood high in-moisture content will retard the setting rate

as compared to wood that is somewhat lower in moisture contént.
Casein glue will set at temperatures almost as low as the freezing
‘ point of watér, but ﬁhe setting period required to develop strong,jdiﬁté |
at such'temperafures varieé from several days to several weeks, Tﬁe time
will depend also on the species_glue& and.the moisture content of the wood,
‘The wet strength‘&eveloped at low temperatures may never be és gdod as that
deQelopea at room femperature. A fressing period of 4 hours at 70°.F. is
considered a miniﬁum.fér.straight members, and for curved membersva |
somewhat longer period is deéirable.
| Casein glﬁelwill produce adequéte bonds with wood at.a wide range in
moisture content from 2 fo 18 percent, at leasf. It is recommended, however,
that the lumber be dried before it is'glﬁed to a moisture content slightly
beléw that expected in service. It is also highly desirable that all
laminations for one assembly be of approximately the same moisture content
(allowable différences.between boards in.the same assembly ué to 5 percent)
to avoid unequal shrinking or swelling és the moisture content equalizes
in service, |
Well-made casein glue joints will develop the full strength of ;he wood,
esbecially in softwood Specieé, and will retain a Iarge part of their -

strength even when submerged in water for a few days.
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To imprdve resistance to deterioration caused by molds or other
micr0~organism3, preservatives such as copper salts, mercury salts, or
.the chlorinated phenols or their sodium salts are sometimes added to
ﬁasein glueé. Amounts of chlorinated phenols in the néighborhood of
5 percent df the weight of the dry casein will often result in marked
improvement in mold resistance without serious effect oﬁ the working
properties of the glue. Prolonged exposures éo conditions favorable to
mold growth or other micro-organisms, however, will eventually result
in failure even of preserved casein glue joints.

Under outdoor conditions or where high humidities, either continuous
or intermittent, are involved, casein glue joints are not durable. Casein
glues containiﬁg preservative have showﬁ greater resistance to high
humidities than have unpreserved casein, bﬁt the preservative did not
prevent eventual destruction of the glue bonds under damp‘conditions.
Consequently, casein glue is not considered suitablelfor laminated
mémbers intended for exterior use or for interior use where the moisture
- content of the wood may exceed about-18 percent for repeated or prolonged
periods. Currently, the structural laminating industry generall* limits
casein-glued maferial to service where thg equilibrium moisture content of
the wood does not exceed 16 percent.

Casein glue.jéints have demonstrated good resistance to dry heat.
Results of‘test exposures to temperatures as high as 158° F. for periods

up to 4 years have indicated that the glue bonds are about as resistant
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f,as the wood to this type of exposure. Temperatures that char and burn wood

:;Ehowever, will cause decomposition of casein glue. Charred wood exposed to
'ﬁ_.ire, however, conducts heat to its interior very slowly, so that softening
y':;;of casein glue joints takes place only next . to the burning wood.

= Laminated structures bonded with casein glue have given excellent
'-’fhservice, when protected from,exterior and damp conditions, for 25 years
ln%or more in this country In,Europe, similar structures 30, 40, and up to
0 years old are not uncommon. This should be adequate basis for confidence .

n_casein glue as a structural bonding agent.

‘Reésorcinol and Phenol-Resorcinol'ResinvAdhesives”

The resorcinol adhesives are produced by the reaction of!resorcinol

f with formaldehyde, and are marketed as liquids that consist of partly

: :polymerized resin, usually in a water-alcohol solution. Because of ‘the
;high cost of resorcinol modified phenol-resorcinol resin adhesives, which
vare%produced by copolymerizing the two resins during the resin manufacturing
”process, are now much more commonly used Both resorcinol and phenol-
r“sorcinol adhesives are dark red in color, and make dark joints when they
_set, .A hardener,/usually paraformaldehyde but sometimes formalin, and a

Efiller, commonly walnut-shell flour, are mixed with the resin prior to use.

_ﬁaInlmost cases, a mixture. of hardener and filler is furnished by the

'{;ﬂmgnuﬁacturer;“ Both resin arid hardener may be storedﬂfor several months,

PN

‘lfjand sometimes as much as a year or more, at ordinary room temperatures
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when kept in airtight containers. In general, the straight resorcinol
adhesives have.longer storage life than do the phenol-resorcinol types,

They will produce adequate bonds on wood at a moisture content that ranges
from at least 6 to 17 peicent. As with other adhesives, however, the prefer=
able moisture content, within this range, is slightly below that expected
for the laminated member in service,

The curing requirements for these glues vary somewhat with the
particular brénd'and with the species of wood used., When dense species
such as white oak are laminated, curipg for several hours at 150° F. is
generally required. .When softwoods such as Douglas-fir and southern
yellow pine are laminated, curing at temperatures as low as 70° F, will
generally give adequate bonds, but impractically'long curing périods
:may be requiredrat this temperature. Consequently, to speed up the cure,
heating at temperatures of 110°to 120° F., 1is often the practice when these
species are glued.

The durability of well-made phenol-resorcinol- and resorcinol-resin
glue joints, based‘on about 16 years' experience, appears to be essentiﬁlly
equal to that of hot-pressed phenol-resin glue joints. They are highly
resistant to moisture,.high témperatures, chemicals, and micro-organisms;
Thus, in general, joints properly made’with these adhesives are as |

durable as the wood itself under practically any type of service.




Lmq,ateuisbersmrSevereSewice Conditions R daiee
Research on glued-laminated wood products suitable for unprotected
exterior use dates back to the development of resorcinol and phenol-
orcinoi glues in about 1943 Glues available before that time

either lacked the necessary ‘water resistance or required very high

curing temperatures.=such as those used for exterior-type plywood

anse‘the resorcinols provided highly durable bonds when cured at
njmoderate temperatures, interest soon . shifted to the problem of making

the wood as durable as the glue under conditions of service that favor

There appear to be essentially two feasible methods for making
_eservative~treated Iaminated members: (l) by treating the already
ed and machined laminate, or (2) by treating the lumber and then _

gluing members of the required size and shape. Both methods have advantages

_deisadvantages. Treatment of the laminated memher permits application

reservatiVes after all cutting, boring and other framing has been
«done, - and assures a protective coating on a11 exposed surfaces. Handling

material at the treating plant is often simplified when the finished

members rather than the lumber are treated Probably the most serious

}'advantage of this method is the necessarily limited size of treating
inders, which precludes treatment of larger timbers, and particularly
'fnlarge curved ones. Penetration of the preservative has been found to

be blocked to a certain extent by the glue line, and this, of course, is




an obvious disadvantage. Furthermore; when only an outer layer of a member
is treated, checké that develop later in serviée may allow decay to start,
On the other hand, bridge timbers produced by this method (preésure treated
with creosote or creosote and oil mixturés afﬁerkgluing) ére iﬁ excellent

condition after up to about 16 years of service,

Gluing of Treated Lumber

The need for laminating treated wood under certain conditions is
rather obvious. Treating after the wood is glued, as already indicated,
presents certain problems, particularlvahere large curved members are
involved. Gluing treated wood is about the only way of obtaining curved
treated members of appreciable size. By proper selection of sapwood or
other easily penetrated materials, thin laminations of certain species
such as red oak, southern yellow pine, and western hemlock can be completely
penetrated with preservative chemicals. Laminated members produced ffom
such stock can safely be shaped and bored without exposing untreated
material, A disadvantage of the gluing of treated woéd is the apparent
necessity to surface each treated lamination before it is glued. This
removes parts of the treated wood and may expose unpenetrated wood if
complete penetration has not been obtained.

Modifications in gluing procedures are often required from one

species to another, even with untreated wood, to obtain adequate bonds

with a particular type of adhesive. When dense woods are glued, for




;instance, more heat is required for adequate cure of a resorcinol- _

ngffietype of adhesive than is needed when softer woods are glued Inra

.-i"-::.-_.similar manner, the Optimum assembly period for aglue used on a highly
‘ﬂfiabsorbent wood may vary considerably from that of a species diffiCUIt
'”ikto penetrate. |

: Treating the wood with various preservatives_further'complieates the

|

|

i ;g]:.uing;'probl_ep._ - The oil-borne preservatives, which in general have caused

i . ;‘;_'tlﬁe .-greatest---interfereni:'e with adheeive' bonding, might p'revent proper .

‘ ontact between adhesive’ and wood Even- thongh'the.iwood :l..s freshly' :

: ‘ljplaned hefore the adheaive is spread migration of oi1 over the cut

: '_urface fibets :I.s Iikely to occur,' and thus make intimate contact between
:: the adheeive and the treated ‘wood difficult. Minor - experiments have & |

' iudi‘cated that th:ls hypothesis is very likely true; With a light solvent,
_::':much -=.1ees interferenee--'vith-bonding ‘has been experienced than when a’
ﬁ'lmeavier ‘sotvent such as No, 2 fuel oil has been used with pentachlorophenol _
d"-‘ eopper naphthenate preservatives.- ‘

When water-borne preservatives are used, the presence of alkaline

or acid salts at the wood--adhesive interface may retard or prevent the ‘
‘mechanism of adhesive bonding. Regearch has shown conelus«ively_ that
_reaervativ,ee inf“general; retard the \c'ure of resorcinol and pheno~1qreeorcinol
adheai\ées, and "make'n'ecess'ary extended curing- schedule’s for bonding treated

:xnpared ‘to’ untreated wood This retarding effect on the cure of

"'*adhesives varies somewhat from one preservative to another, -




It appears, therefore, that two main avenues of attack would be

logical in attempting to solve the problem of gluing treated wood:

(1) to modify the procedures that have proved satisfactory for gluing

untreated wood, or (2) to modify available adhesives or possibly
develop adhesives especially for treated wood. The research conducted
up to this time on gluing treated wood has been directed mainly toward

finding procedures that would bond treated wood with available adhesives,

0of late, there have been reports from the glue industry that work towards

development of adhesives tailored particularly for treated wood is under-
way. No real break-through along this line, however, has yét been
reported,

Results of Glue Joint Tests on Glued Treated Wood.--Considerable laboratory

data have been developed that show it is feasible to glue wood that has
been treated with a number of preservatives. Table 1 shows results of
block shear and delamination tests on laminated red oak beams glued from
lumber treated with various preservatives.

Tanalith (Wolman Salts) showed the least interference with bonding,
and this factor has been experienced in other studies also. The
retention used with Tanalith was lower than with other water-borne
preservatives, and this may have influenced the results, but good results

have been obtained with Tanalith-treated red oak with a retention slightly

above 1 pound per cubic foot.




Tanalith-treated wood has also been glued to a considerable extent -
‘on a commercial scale, and the adequacy of the process haézbéen proven
by hundreds of laboratory tests as well as by service records,
Although the bond quality of wood treated with other preservatives
in general was not entirely on the same level as that for the Tanalith-
treated wqod, the results, nevertheless, appeared satisfactéry. Whether
lqwér retentions would have resulted in improved bonds is not known, but
it is possiﬁle‘tﬁey woﬁld have, and this facto: would be worth investigating.
The methods used for évaluating glue joints in treated wood were the
same as those cdmmonly employed for eyalﬁating untreated glued wood: |
'block shear and delamination tesﬁs. These are ASTM procedureé with the.
designations ASTM D805-52 ahd'ASTM-D1101-53, respectively. _
All lumber was resurfaced immediétely beforerit was glued, and this
' appears to be necessary regardless of what fype of»preservativé is used,
or at ieast-with those that leave a deposit.on the wood surface as the .
solvent evaporates, As ﬁas mentioned earlier, fhe type of sqiyent used
has a marked effect when oil-treated vood is gluedj the more volatile
types cause less in;erferenée_than the heavier ones, In a minor study
- ﬁﬁere.the treating solution was pentachlorophenol in naphtha, reasonably
good glue bonds were obtéined even when the lumber was not resurfaced
after_freatment. .With all other'preéervativeg, resurfacing appeared to

be absolutely necessary.

-10-




Theré-aiso appears ﬁb be aldéfinité.Speciés efféct:ﬁhen giuing oil-
treated wood; the more:easiiy treated species showzleés interference with
gluing thaﬁ the ones that are difficult to treat. Specles that appear dry
on the surface, eQen'though~ﬁhey havé a high retention of oil, can usualiy
be.glued éatisfaétbrily; whereas those.thaﬁ "bleed" and present én oiiy
surface iﬁ genera1 bond_erfatically.

‘There 1s also e§idence that.the téchnique of spreading tﬁe glue might
affect the bondiﬁg of oil-treated wood. It was méntioned earlier that a
film_of oii:might.actﬁally preveﬁt.adéquate contacﬁrbetween thé wood and
" the adhesive.’ Miﬁor éxperimeﬁts have indicated that passing the laminations
‘through the‘glue'apfeader séVeral-times;.iﬁsﬁead of tﬁe customary single
pass, resulted in improved bonﬂs. 1t 1is conceivable that the several
pasées throﬁgh the sﬁreéder tend to break down the oily films on the wood
surfaces, and thus allow mbre intimaté contact between wood and glue.

With woods that ﬁave a tendency to bleed, a thorough steam cleaning
or cleaning by other methods prior to final surfacing.and gluing would
contribute to iﬁéroved glue bonds. Hence, the method of treatment is also
rather important when treating wood for gluing.

Long-Term Tests on Laminated Members
Treated After They Were Glued

Initial high strength of glue joints is no guarantee that they are
durable; durability can be established beyond doubt oniy by long-term

tests or service. Resorcinol and phenol-resorcinol glues have shown
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excellent durability on untreated wood over the more than 1-1/2 decades.r

they»have been in use, =Resu_lt_s are_also available on laminated wood -

‘treated after\it was glued and then aged up to 12 years before it,was

- tested, 3 The tests were conducted for the purpose of determining whether

preservatives have any deteriorating effects on synthetic resin glue bonds‘
of the melamine, resorcinol; and phenol-reeorcinol_types overilong_periods
of aging. = S |

‘The study was wider in scope than is feasible to include in this talk

end oniy_somehtgpicel_resulte;on laminetedlredﬁoak,ﬁsouthern yellow pine,

: :qnd-Douglas—fir-will be diecussed. Conditions of some of the tests were.

ﬁsuch as might be encountered in outdoor exposure of structural members o

of bridges,:railroad trestles, towers, and similar structures. L

Preserqetiyee Ueed,ﬂhethod;of iesting,,and Results, -=Commercial precervatives

'i(creosote, pentechlorpphenol,:chromateduginc chloride,and_Ianelith).were .

applied by pressure treatment to sections from twenty-eight 12-foot

laminated'beemgggluediwith-z resorcinol, 1 phenol-resorcinol, and

‘l;melaminehreein,edheeive,w The preservative retentions congormed closely

to the requirements‘of_the current Federaljﬁpecification_Tlfws57lC; Wood
Preservetives; Recommended Treated Practice.m

_ The glued beams were 6 by 6 inches in- cross section, 12 feet long, and
c0ntginedheight‘3[41£inch_leminations, The adhesives used for gluing the

beams Verevcured_according togechedules thathpreviously had been found to

produce glue joints in'yhite_oek,_Douglgs-fir‘and_eouthern_yellow pine

éSelbo, M. L. Glue Joints-Durable, Southern Lumberman, Dec. 15, 1958.
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that Were strong and durable in prolonged exposure to weather and soaking.
Each beam was cut into five 12-inch sections for weathering tests, five
3-inch sections for cyclic delamination tests, and fifteen 3-inch sections_'
for block shear tests, This provided end-matched material for groups of
four treatments and controls in the difterent tests. Only results of
the block-shear tests and the_weathering exposure.will be discussed here.
.Block shear tests were.made immediately after treatment and after the
specimens were aged for 2, 6, and 12 years in an unheated shed The shear
specimens were not exposed to the weather because it was desired to try to
isolate the effects of the preservatives, if any, on the glue joints.
Because of the shrinking and swellino that usually occurs under outdoor
exposure, effect of the treatments on the glue joints might be masked by

other factors. The 12-inch sections exposed to the weather were examined

~visually, and typical'samples were photographed : In most cases, the test

results on the treated material were approximately equivalent to those on.

untreated controls, both initially and after the various periods of aging

ap to 12 years., In the weathering test, however, the untreated control
specimens of southern yellow pine showed some deterioration from decay
after 12 years.

Figures 1 to 3 show the hlock-shear strengths of laminated red oak,

Douglas-fir, and southern yellow pine treated after gluing and aged up to

12 years before testing, For practically nomne of the preservative-species
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.combinations was there any indication of deteriorating effects of the
treatment'upon the glue joints; High shear strengths as well as high
w00d failures (latter not shown in figures) show that the initial high
joint quality was maintained throughout ‘the 12 years of aging.

Figures 4, s, and duillustratezthe'condition'of red oak, Douglas-fir,
andﬂsonthern yellow’pine beam-seotions"givenivarious treatments and exposed
for 12 years;toﬂthe‘weather at ﬁadison,jﬁisconsin.:v

) The creosote-treated sections (marked B) in general showed the least

effect of the exposure, in that they were almost entirely free from checking.

Those treated with pentachlorophenol_(marked‘c) were almost‘in the same

category as far as Douglas-fir was concerned; the‘oak,fhowever, showed

some'chetking and a é1igﬁt'am5nht was also:present?inrthe.pine;"'
e The sections treated with water-borne preservatives ‘checked about as
much as the untreated controls, but the untreated pine,as indicated previously,

already showed effect of decay after 12 years. The glue joints were intact

land appeared to be in excellent condition in all samples.

'-wSﬂrviéa.Becordsﬁoftrreated Laminatedflimhersa

At the current state of developments, treatment after the wood 1s

glued is probably the most practical and economical method of producing

, treated laminated timbers. When laminated nmmbers do not lend themselves

I'4

to treatment because of their size or shape, however, the gluing of treated

material is the only known method of producing adequately treated members,
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_‘As‘already indicated, étructureé produced by treatment af;ef gluing
have now given adequate service for more than 15 years. The first
installation on which records.are av;iiable included 11 laminated stringers
installed in the Texas and Pacifip Railway, bridge No. 55.2, near Woodlawn,_
Texas, in 1944._ The sﬁecies were shorfleaf pine grade C and better, except
one stringer that was-madg of No. 1 common second-growth shortléaf pine.

- No. 1 distillate éreosbtg was used iﬁ‘treating the timbers (by the
Rueping process) to a'retentién of about 15.5 pounds per cubic foot.

. These stringers were reported to.have_given entirely satisfactory
service. They weré inspécted about a year ago, and.aside from some end
checking, appeared to be in excellent condition.

Another soﬁthérn.pine inétallation of laminated treated timbers:is
- part of a trestle on the"Sbuthern Railway near Alexandria, Virginia.

~These timbers were installed in 1945 and Qill soon have been in service
15 &ears. They show‘pfgctically no delamination and very little checking
. after nearly 1-1/2 decades.

Both 4/4 and 8/4 stock were used in making these timbers, and the
caps had three 4/4 1éminations of red oak on top and bottom to provide
better beariﬁg strength. fréatment was by the Rueping process, and the
preservative was an 80-20 creosote coal-tar solution.

On the West Coast there are numerous installations of treated laminated
Douglasinr. Forest’Service representatives and other; make regular
inspections of some 6f these installations, and the reports,_in general,
are very good. The.exuded creosote makes the members.shed water readily,

and very litt1e>weather checking develops.
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One highway bridge in Oregon is made with arches glued from wood

‘treated with a water-borne preservative. The bridge was erected in

1948, and the laminated members now show an appreciable amount of

checking as well as some joint separation. The salt treatment apparently
does not provide the same protecfion agaiﬂst weathering as does the creosote
treétment.

An installation of 20 railway stringers, which were glued from

_treated lumber, is in the bridge over the Palm River in East Tampa, Fla.,

on the Atlantic Coast Line Railroad. About half of these stringers were
glued from creosote-treated éouthern yellow pine, and the remainder from
Tanalith-treated pine. The last report stated that the stringers were in
éxcellent condition. This would indicate that, at least with southern
yellow pine, satisfactory gluing is poséible even after treatment with

creosote,
Conclusion

In conclusion it would appear that laminated timbers properly glued
with resorcinol or phenol-resorcinol adhesives and adequately treated with
a suitable preservative should provide satisfactory service under the
most severe use conditions.

Treating the wood after it is giued, at least currently, appears to
be the most practical method of préducing such timbers. With certain
species-preservative combinations, however, it is also feasible to produce.

satiéfactory timbers by gluing the already treated lumber.
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SUBJECT LISTS -OF PUBLICATIONS ISoUED BY THE

FOREST PRODUCTS LABORATORY .7

The following are obtainable free on request from the Director, Forest Products

Laboratory, Madison 5, Wisconsin:

List of publications on
Box and Crate Construction
and Packaglng Dats

List pﬂ.publications on
Chemistry of Wood and
Derived Products

List'of“publications on“
Fungus Defects in Forest

Products and Decay in Trees'

Listrof;publications on
Glue, Glued Products
and Veneer

List of publications on '
Growth, Structure, and
Iﬂentification of Wood

List ‘of publications on
Mechanieal Properties and
Structural Uses of Wood
and Wood Products

Partial 1ist of publications
. for Architects, Builders, -
Engineers, ‘and Retail

3 Immbermen : :

List of publications on
Fire Protection

List of publications on

- Logging, Milling, end
Utilization of Timber
Products '

“1dst of publications on

Pulp and Paper

‘Liat of publications on
Seasoning of Wood

List of publicatione on #

- Structural Sendwich, Plastic
laminates, and Wood=-Base
Alrcraft CQmponente

~List of publications en

Wood Finishing

List of publications on

Wood Preservation

“Partial 1list of publications.

for Furniture Manufacturers, ..
Woodworkers and Teachers of

= Woodshop Practice

Note. Sinee Forest Products Laboratory puhlicationszare so varied in sthect

‘'na. single ‘1ist-is issueds

Instead a-list is made up for each Isboratory

4 division.- Twice & year, December 31 and June 30, a list . is made up
*plshowing new’ reports for the previous six months. This is the only item
“sent regularly to the Laboratory's mailing list. Anyone who has asked
for and received the proper subject lists and who has had his name placed

on the ‘mailing list can keep-up to date on Forest Products laboratory
publications. Each subject .list carries descriptions of all other sub-

Ject lists.
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