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1.

Timber engineering, their products »nd present stage of adhasive

application

le1,

Historicsl development

In Europe the invention of glued laminated timber is usually
attributed to the carpenter Hetzer in Weimar. It was Hetszer
who srcquired the first useful patent for the production of
cagein adhesive by which he glued boards together in # larger
section. The bhorrds were butt-jointed in the longitudinal
direction 2nd staggered when connecting different board
layers, Up to now the name "Hetzer" - is still used

for such beams in countries where the German language is spoken.

As Steinhmsus shows (1), the American engineer Remington has
scarfed and glued boards in 1850, according to a report of
Prof. Culman, using #» mixture of linseed 0il =nd marine glue
for a bridge near Montgomery, Ala, A similar wood bridge has
already been built in 1848 nesar Stafford in England by Earl
Talbot. The bridge has a clear span of 45 m,

During the years between both world wars the commercial glued
l1aminated timber engineering grew up as an independent branch

of industry in the United States of Americe as well as in

Europe, especially in Sweden, Switzerland, the Netherlands and
Cermany. Until 1937 casein adhesive was the only one to be
used., In this yesr a separate manufacturing plant was established
for the production of "Kaurit" adhesive, the first urea edhesive
developed by the BASF in Ludwigshafen., This rdhesive was said
to be water-proof and mould-resistent and in this superior to the
casein adhesive, Soon, however, it turned out thet its strength
only fitted to the thinnest glue lines, in thicker ones the
adhesive decayed within a short time. Only by the tests of

H. Klemm (2) it was possible to make urea adhesive gap-filling
by mdding a filler in form of ground and cured bakelite, Thus

it was possible to use this first synthetic resin for the pro-
duction of larger structural components where glue-—lines with a

thickness up to 1 mm may occur,
L4
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In Germany the synthetic resin ~dhesive named "Kaurit-leim

WHK" displaced more and more the casein adhesive., After

1950 this rdhesive was no longer used for glued laminated
timber. In the USA and other countries casein adhesive were
largely used for structural components even in the late sixties,
From 1940 to 1950 successful tests were made by CTBA AG 1n
Switzerland to fill the urea ~dhesive with flour extenders,

By this method, it was possible to provide the mdhesive with

gap-filling qualities,

From 1940 to 1955 the resorcinol glues snd phenolic resorcinol

glues were developed for timber enginaering. They wera applied
when high quality glue joints were required. Althoush they

are much more expensive than urea adhesives, their applicnrtion

is steadily growing. In the U3GA and Scandinavia 211 structurel
components are glued today with resorcinol adhesives, but 1in

Jermany it is not more than 2C per cent at present,

When from 1970 to 1974 resorcinol adhesives run short all over
the world, one looked for substitute adhesive »nd remembered the
melamine adhesives or adhesive mixtures out of ures »nd melamine
resins known since A lons time. A cold-setting adhesive out

of this group is more and more used for glued laminated timber.
It is especially appropriate if heat can be =dded to the curing
of the glue-line, for instance in a high fremuency =ltern~ting
field. Regarding the growing importance of enviroamental pro-
tection, waste~removal of resorcinol adhesives becomes more =nd
more difficult. Seen from this point of view the urer mel=mine

adhesive has zn advantage.

The growing importance of the engineering of gluing timber
described with the example of Germany. This is very easy
because since 1935 the construction supervision recuirec a
strict control of all firms producing glued structural com-
ponents., While before the end of the second world war ahout
17 factories were producing glued structural components, in
1950 only three firms were left. Figure 1 represents the de-
velopment of the number of firms which since 1950 up to now
have proved their qualifiéation for gluing bearing structural

component s,




The factories gluing leminated timber in Germany are divided

into four groups. The firms of group A =rr allowed to produce
structural components in unlimited length. 1n group B the
length of the glucd structural components is limited to 1 m. !
Firms of group C are only manufacturine special structurex as
e.gs finger joints for construction timber; the firms of group
D nre gluing pre-fabricated well and roof psnels for houce
construction, Only in 1756 the bui iing trade in the field of
timber oonstruotion »and reoovered in such » wey that coneiderable
investments for timber engineering could be afforded. Since

that time up to now we state a permenent incre-se of the number
of the firms of group A. The firms of group B re=ched » climax
in 1963, but then decreased sterdily until today in favour of
the firms of group A. Between 1956 and 1959 the special struc-
tural components had their boom. Only in the last yerrs the
number of these firms increr~sed again since finger-jointed
timber is more and more produced in Germsny. The firms of sroup

D had their boom 1974. Since that time a concolidation has
taken pl-—ce.

The picture shows only the development of the number of timber )
gluing firms., It does not tell anything about the production.
Since many years there is an annusl icnresse of the consumption
of glues for timber construction of 10 t0 20 per cent. According
to a rough approximstion about 150,000 m3 of glued leminae

were produced in 1975 fromlO to 14,000 m3 of be~ms nd girders
by the largest factory. Thus Oermany is ahead in Europe. In
the USA the same development took place., However, one or two
American firms are sble to produce as much glued members =8 all
German firms together. In other West-Buropean couniries a

a boom in glued laminated timber can also be stated, however,
with some delay and variasble intensity. In some countries, the
strong recession of the building trade has A disadvantageous
influence on glued laminated timber whereas in other countries
the orders sre no matter of oomplaints. I do not want to spe~k
about prioes now. ' '
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A lpecin.l development occured in the countries of Fastern
Burope. Some verrs aso glued laminsted timber played a

very subordinste role nnd wes sometimes forbidden. 3awn

timber was » valuable export article which brought foreign
exchsnge. In the 1last three to four yesra some Countries
espeacislly the Soviet Union, Poland, the Germsn Democrstic
Republic, Czechoslovakia snd Hungerry src making grenrt efforts
to estsblish timber engineering factories and to promote the
production of g£lued bheams and girders. A good co-operation
developed espacially with German firms supplying production
plants and the "know-how'", ;
Briefly we c-n say that the production of glued structural
components will permsnently grow in the next years and an end

of the extension is not yet ewpected.

Glued nnd joints

Scuare timber and boards which are supplied by the sew mills
have only » limited length. Nowadrys boarde sre sold in Furope
in lengths between 3 and 5 me The production of larger members
depends on the production of end joints with 2 high tensile and
compressive strength hetween the members. Owing to the great
importance of these joints in timber engineering detailed

informetion will be given in the next chapter,

Until 1644 the borrds were exclusively connected by scarf-
joints. The scarf-joint relation (board thickness : scarf-
joint length) wes between 1 : 12 »nd 1 : 4 so that often
Aifferent scarf-joint relations were used in the tension or
compression zone of bending besms, In the USA large machines
were developed for producing scarf joints scarfing the ends,
often with a notch in the middle of the scarf-joint or with a
glued small dowel in order to prevent 2 displacement of the

ends of the baords during the pressing cycle.




Between 1944 snd 1952 the finger joint wer devaloped by

K. Egner in Stutteerd (3) which ropidly displ~ced the
soarf-joint. Since 1956 no factory in Germeny uses scerf-
Joints in engineering. In the USA the cheance ftom scrrf-

Joints to finger joints took place from 1965 to 1)77,

According to the German stendord DIV 1052 which regulates the
production of lond berring timber structures in Sermeny,

load be=2ring longitudinal joints must be rxecuted by scorf-
joints with a slope of the gluing #re~ of 1 : 10 or hy finger
joints according to DIN 8110 which covers profile details

of the fingers 2s well as the machining of finger~-oints,

Pigure ? represents some forms of finger joints with one prece
timber elements, All countries where timher ie hounded

appropri~te standsards.h=ve been ast=hlished,

While in former times, the finger had » length of 40 to 50
mm, the length of the fingers could.be reduced in the course
of time becsuse the tool industry could offer appropriste

cutters, Today the shortest fingers allowable in Germ~ny
have » lenth of 7,5 mm. :

Normally the fingers »re cut into the wood by adecunte tools.
It is Also possible acoording to = method of Stricle:: (4) to
press the fingers into the wood by means of » matrix under the
influence of temperature. By means of the ~pplied heat the

curing time of the glue is accelerated,

Finger joints 2re not only used for joining boards or cents
but also glulam beams or be2m components. By this method it

is possible to machine sngular finger joints for framed
construction see also 1,3,l.

Nowhere the development of new machines with better performence
developed in such a way as in the field of finger joint machines,

They possess a key position in timber engineering.
4




Mspeci=lly for finger joints the curing cycle is shortencd

by epplying both high fremuency or contact he~t.

1.3, Products of the timber engineerinm industry

Tedele

Glued=12minnted timber

The oldest and most immort-nt prnduct of timber en-
ginecring is the so-cnlled rlued-1smin~ted timber.

This is » member made by lamincting bo~rds.

The most important glulam besms sre the horizont~lly
1sminated besms (fig. 3¢). Besides that there nre
vertically 1sminated besms (fig. 2c and 3¢) snd cross-
1smineted beems (fig. 13d), The different countries do not
agrce about how much layers a glulam beam must have in
order to be classified under the term "glued l~rminsted
timber"., The Germsn stendard DIN 1052 does not say
anything about this. The Dutch standard NEN 3852 re-
quires at least four layers for horizontally laminsted
beams, st least three leyers for verticslly laminated
besamz =nd ~t lesst four layers for cross-laminarted beams
in order to start the calculations from higher allowsble

stregses than for solid timber.

$ince several years "glulam", » sub-committee of FEMIB
(Puropesn Federation of Manufacturers of Industrinlized
Building Joinery) is dealing with the establishment of a
special "Ruropean Standard Specification for Glued-
Laminated Timber 3tructuresl Members". In Part I~
Specification of Materials end Design Considerations -
the rumber of l=yers for glulam beams vary from 4 to
100, This Furopean Standard Specification shall become
a part of a new ISO-Standard "Timber Structures". The
preliminary session of the Committee ISO-TC 165, at
Copenh: sen wes in September 1976.




The horigontally laminated besms have two essentiel
advantages: the memifacture of beams and girders can
largely be mechenized end automated. The production
includes straight and bent members of all shapes and
sizes. This woik is not dealing with the production
of glued-laminated timber with the corresponding ma-
chines snd equipment (fig. 4). Examples of glued-
leminated components: three-hinged frames (fig. 5)
for span widths from 15 to 35 m, and arched frames ‘
(fig. 6) for span widths from 25 to 100 m and more. |
But not only joists, rafters or girders can be mede

from straight glued laminated beams but also three-~

hinged girders by means of finger—-joints all over the

beam section. Special machines are required for cutting
and joining finger jointed beams. Pigure 7 shows a
three~hinged beem of this type, the spen varies between

15 and 25 m. Although these constructions are up-~to-dete
in shape, it has to be stated that the grain direction

of the adjoining fingers are not parallel to each other
thus only small compression stresses and therefore bending
moments can be transmitted (5, 6).

Pigure 8 shows a quite different application possibility

of glued laminated timber. As it oan be seen, even high-
voltage beams can be fabricated. In this case the lower

part which is in the soil has been reinforced by glueing

on two further glulam beams,

Another new method for manufacturing glued-lsminated
timber has been developed by soientists of the Forest
‘Produots Laboratories, Madison, USA (7). The new pro-
duot is called Press-Lam Lumber and is assembled by
veneer plies. Fig. 9 represents the fabrication of Press-—
Lem. The principal features that distinguish the Press-

Lam process from conventional plywood menufacture are
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the following: peeling 1/4-inch (6,35 mm) veneer,
using stored hest from veneer drying for curing
thermosetting adhesives in a continuous non-he~ted
liminating-press (not yet available for use in industry)
linked with cross cut sews and geng rip saws., This
continuous process has a capacity of A-feet (120 cm)
wide panels mnde of veneer-laminae. Tre endless l~minae
panel is crosscut end ripped according to preselected

dimensions.,

I-beams and box heams

I-beams and box beams can be completely manuf=ctured from
glued-laminated timber, but normally only the flznges are
made from glued-laminated timber and the webs from wood
derived panel products, viz: chipborrds, fibrebonrds

and plywood. The "K3mpf-web~beam", =n I-hesm hes a

web from crossed board layers according to fig. 3.

I-beem are manufactured in view to minimize waste, Their
production is more expensive than producing glue laminated
berms of square cross section, I=besms can be produced as
beams only. Box heams will meet specinl stiffness require-
ments. It has to be stated thst the fire-resistance of
box beams with plywood webs is much more unfavourable than

for beams with a rectangular section.

The following corrugeted web besms, grid system heams
and Trigonit beams belong to the I-berms.

Corrugated web beam

The corrugated web beams are composed (fig. 10) of a
plywocod web and solid wood flanges. At both web edges

are chamfered and glue spread before driven into the grooved
flanges. The beams are sutomatically fabricated by a
speoinl machine., Besides & grest load capacity they have

a low weight and oan esﬁeoially be used for flst rocof beams

and trusses (8).
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Grid system herm (DSB-berm)

As the corrugated web benm the grid system be~m (DsR) is
an invention of the srchitect Hanns Hess (9)e It is »
7lued timberwork construction of which the struts are
inter-linked with the flanges by tenoned joints into the
mortise.(fig. 11). The prrellel tenons inter-link each
other when driving into the mortise, by mesns of &
"sliding glueing" action. Those assemblies can only be
applied when the surfaces engsged are of small size.

As the web is of the grid system a good ventilation is
gunrrantead 8lso when several girders are mounted ad incent
to each other. The field of spplication of this beam is
sim.lar to the corrugated web beam. There are some
varieties of this beam, especinlly with respect to the
assembling of the struts into the flanges. Those
special constructions are largely used for temporary

work in the building trade.

Trigonit-beam

The Trigonit-beam is a glued I~besm similar to the DSB-
beam. However, the struts are not glued into the flanges
but connected at their ends by finger joints. The flanges
are nailed on both sides through jointed fingers, see

fige 12, This beam has also been invented by the Swiss
carpenter K¥mpf (10). The Trigonit glued hezm is very
easy to manufacture as the finger jointed struts are only
sasembled and glued together, These struts have to be
kiln dryed. The flanges cen be nailed in sn air—-dry

condition, )

FJC wood truss system

FIC me~ns finger joint connected. This system has been
developed by Hoyle and Strickler of the Washington State
University Pullmen, Wash. (USA) (11). The nodel points
of solid wood truss members are finger jointed. This
system transmits strut forces directly, develops primarily

compression and shear stresses on the finger joints, and
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svoids or minimizes tensile forces components per-—
pendicular to the grein. Both flat and ptiched
trusses can be designed with this connection system.
The finger size used wrs: length 6,35 mm (0,25 inch),
pitch 2,54 mm (0,1 inch), tip thickness 0,38 mm (0,015
inch) 2nd slope 1: 7.

Characteristics which outline the application of adhesives in timber

engineering

There is no adhesive availsble satisfving all recuirements necessary
for glue joints on load besring timber members, However, many
ndhesives s~tisfy the requirements whioh wood adhesives mu.t meot,
Hereafter the minimum requirements which syntehtic resin ~dhesives
have to fulfill:

e) high dry bond strength (higher than the timber strength)
b) permanent stability long term durability

c)  water—resistant bond

a) gap-filling quality and stability of glue-line strength

e) cold=curing

Adhesives which do not cover these five features are not suited for
glued timber structures. In order to determine these properties, the
German standard DIN 68141 "Timber joints; testing of glues and glued
connections for loed bearing timber struotures; quality specifications”
is based on many results of applied research work. As the testing of
athesives is subject of another document reference is mede to those

paragraphs of the standard dealing with minimum requirements:

ad a) This requirement must be made in every case., It is especially
applied to softwood. But even hardwood failures must have a
sufficient percentage of wood fibres at the gluing joints,
For the testing of plywood, for instance, the wood fibre

portion of e split glue—joint is an essential criteria for
the quality of the glue bond.




ad*b) It has not to be mentioned that en adhesive must he permsnent
in stability proving the long-term strensth of alusd joints,
Resesrch worl of long term cycles h~s to be done. 1In this

connection reference is made to the article of lMr. R~knes (12).

It hes to be mentioned that the term "waterproof'" h~s never
been stondardized or defined in any wry., levertheless it is
frequently mentioned, and this is done here, bec~use everybody
knows what it means. Animal adhesives and casein adhesives

are not waterproof. They absorb weter, swell ~nd loose their
strength, The requirement "wnterproof" ie applied for members
exposed to weather conditions (exterior use); for roof members
(interior use) it is a precautionary measure only for - possible

exposure ag~inst weter or high humidity.

On very small members and joinery work the glue line m~y be thin
(glue coat thickness 0,1 mm) but the wood surf~ces havc to be
plened, This is not the cese for big members ~s they srec ucsed
in timber engineering. Adhesives rre gap-filling if they are
stable until a thickness of 1 mm and if the joints reach high

strength values.

"Cold" will here be a temperature of at lerst 20%¢C, Higher

temperatures often ~pplied acceler-te the curin:; process of
the adhesive. Nevertheless an ~dhesive should cure ~t 20°C

in order to gusrantee » regular curing.

Apart of these main adhesive properties, 2 number of other

features are required or at lenst desirable.

we2ther-resistant

long pot life

short curing times

ensy preparation of ready to use glue blend
good a2pplicability

preventing unhealty hez=rds

anti-pollution of environment

curing by R-F heat

low priced
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The expreszion "weesther-res) stant" hns neither heen stan-
d~rdized nor defined in any woy. But evervhody knows what
is reruired: ~n adhesive which c~n he apnlied to members
uce” out deorc or under wat conditions without influencing
the hond stren -th of the ~dhesive.

Por bindings hig members only an ndhesive with an extended

pot life is suited.

It is desirnble to hrve short curing times »nd, thercfore,
a short clrmoing cycle. But in most cases » short pressing

cycle of »n adhegive ndequates » short pot life,

There is » rmeiprocr] action between g =nd h. Short pressing
cycles c~n he influenced through both » h~rdener or herting

the 3lue jeint.

A1l zynthetic resin »dhesives nced at lesst two comnonents:

the resin »nd the hrrdener, 1In crse = filler is added, there
are three components, or four when »dding water. A poor ~dhesive
blend influence by vorious additives will e~use tond  failures,
This danzer c°n be minimized by controlled mixing equipment

about vhich we will t=1k later on. The ~ppnlicability depends

on how the ~dhesive hes to he spread on to the component

surfrces (mrnuelly, roller-coating, curtrin coeting, sprﬂying).

S:mthetic ~dhesives nre not hazerdeous to he=lth but it is
racommcnied to wear protection clothes rnd gloves while

handling ~Ahesives, During the summer senson or in hot

climntes formaldehyde v~pors are csusinz inconvenienoce, It

it recommended to exhsust these vopors hy ventilators, Humon
reacting r~llergic rgainst synthetic resin vopor should not work

within the gluing section,

Becavse of pollution problems it is no longer =llowed to lead
polluted water into rivers or other plrces. Therefore, water

purificrtion systems sre nocess~ry to be instslled.

Curing cycles of adhesives can be accelersted by heat. The glue
line can be heated by contact (hested pleantes) hot air or by
redio frequency. The =application of radio frequency curing is
not suitable for all adhesives.
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ad m) The price of the adhesive amounts to 2,5 through 12,5 rer
cent of the materis] costs of r *lued-lom-herm, As comreti-
tion imprcts the Germen timber engineering ndustry, ~lue costs

will finrlly influence glucl~m heem rrices, but thae rote vill

Aiffer on certnin specie]l constructions in timber enzineering.

3. Synthetic recin rdhesives - qualities »nd c~pplic~tion in timber

engineering
N

As we have nlready stoted in chapter 2, only synthetic recin ~dhesives
which have fulfilled the recuirements of DIII 68141 may be used in

Germany. All ~dhecives which have prssed the test snd ~re =v-ilshle

on the mrrket -re listed on p=ge 34 =nd 35, . These ~re 1t
resorcinol or phenol-resorcinol resing, viz.: 1 phenol-melsmine-ures-

formnldehyde 2dhesive "nd 6 urea ndhesives.,

Fvery resin is mostly sccompanied by sever~l types of hardeners;
thus more than 40 ready-to-use =2dhesive blends ~re ~v~ilrble, In
Scandin~via and other couritries there »re simil~r lisis which hove,

however, heen est-hlished on the bnsis of other testing “nd urlity

stand-rds. : I

In 1954 only four resins were availsable. The actusl 2orest vorinty cf
ndhesives is due to the rapid increase of the ndhewive concumption

in timber engineering, the adesption of specis) curlities %o con-
sumer's remuiremsnts and, last but not lenst, the competition =mong
the producers,

3.1, Uren adhesives

The urea adhesives are meinly interior-type ndhesives. They
are suited only for roofed members not exposed to veather con-
ditions elthough the test includes immersion in u~ter, "o
doubt that bonding frilures cancause trouble more often on uren
glued joints than on resorcinol glued joints but the high price
difference of these adhesives is decisive in favour of ures in
most factories of Centresl Europe. The nrice reletion between

urea adhesives nnd resorcinol adhesives with regard to the ready-

to-use blend is 1 : 5. The eversion against urers adhesives
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is nrobahly due to the frct thet h~d experiences h~ve heen
made with ol~in ure~ adhesives or insufficiently filled
~dhesiws, The tests mede by Klemm (2) both with cured
brkelite powdar and with speci~l flours (13) have shown thnt
it is possible to nroduce grp—-fillings uren ndhesive.

'The latest unpublished tests in the Otto Graf Institute
Stuttgerd on ~nprox, 20 verrs old memhers showed no strength
decre~se comprred to strensth v=lues of recently glued

memners,

Comnsred to other syntehtic resins ure- sdhesives crn be
delivered in powdered ac well »s in liocuid forms The

powdercd adhesive is for small concumers; large consumers
preferably receive limuid »dhecrive on lower costs by tenk
truoks. Millers must be blended sennrntely before ~dding

water; the glue blend is then re~dy for use including four
components. Two of the adhesives mentioned include fillers
either blended to the resin or the hordener which renders » wide
ronge of the blend influencing the pot life and the pressing
cycle, At 20°C ~nd humidity of 65 per cent the pot life is
rated by 45 minutes to six hours, the pressing cycle ranges from & to
13 hours. Low temperstures causing shorterpot life. At =
curing temperature of 3000 (glue line temperature!) the pot life
decrense varies between two hours and 15 minutes while the
pressing cycle varies betwoen % 4o 2 hours. This shows how im=
portant it is for mssembly bonding to maintain a uniform climete,
(belanced humidity). If the air is too dry it ceuses a pre-
curing resulting in insufficient fin~l curing during the clamp
cycle. To shortcn the press cycle curing can be accelercted by
R-F-hesting which is very economic; urez adhesives are better
suited for thic process than resorcinol adhesives. Some
sdhesives have been specially developed for the curing by redio

frequencye.
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Ure~ adhesive waste water is less hazardous than that of
resorcinol ndhesives, thus the waste water clarifying is

ensier, when using urea adhesives,

Phenol adhesives

For ~ short period, between 1950 and 1952, cold-setting phenol
adhesives have been uced in Germany. The strength values
obtained were good, but the pH-value of 1 and less was rather
oriticale In numerous investigations in the USA amd Germany

it could be shown that the adhesive »nd especially the acid
hardener will decompose the adjecent fibre bond. Ae some demnges
could be observed on struotural members by using oold=-cetting
phenol adhesives, thus the application in timber engineering in
Germeny is not allowed, however to » certain extent, they are
used in E~stern Eruope (Czechoslovakis, USSR, Pland, GDR)
inntead of resorcinol resins, In Western Europe nobody will
risk to use these adhesives, as resorcinol adhesives are

averilnable to = large extent,

Resorcinol adhesives

Plain resorcinol edhesives have excellent quealities and are
certainly the best adhesives for glued laminsted timber,
But unfortunstely, they are very expensive snd can only be
used today for special purposes,

Phenol=resorcinol adhesives

Almost -~11 resorcinol adhesives whioh are used for bodning con-
structional timber are in reality phenol-resorcinol mixtures.
Nothing is known ebout the relsotion phenol to resorcinol; this

is & well kept production secret, In fact some adhesive produ—
cers hnave rednced, under the pressure of competition, the re-
sorcinol prbportion becruse resorcinol is much more expensive
than phenol. A further measure to decrease the adhesive price

is the addition of fillers, viz: ooconut shell flour (Kekonit)

or keolin powder., These fillers have also their disadvantages,
The addition of kaolin powder oauses rapid tool edge weesr effeoted

by the polymerized glue lines,
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UVouldou their high qunlity tho phonolexovsoreinel rdhenlvou,
cnlled hereafter PR-adhesives, have another nadv~ntage,

becruse there are two compounds only (ndhesive and hardecner),
Most hardeners are powdered only the hardener 501 is licuid,

and mixed with Aerodux 500 at a rotio 1 : 1. The licuid hardener
tends to settle, therefore, it is necessary to stir up before

use.,

By the appropriate choice of the hardener it is possible tc
determine not only the ussble life but also the viscosity of
the adhesive. The glue coating system of the adhesive viz.:
roll costing, curtain costing or spraying, requires 2 different
viscosity., 'By adding "Aerosil 200" »nd curtsin coeting board
edges the thread like glue cont will not run of the rim.

In comperison to the urea adhesives PR-adhesives are less
affected by production defects. Good bonding strength can be
obtained when the board moisture content is high. At 20°C and
65 per oent humidity the pot life r-~nges from ]l to 4 - hours end
the clemping cycle ranges between 9 and 20 hours.

While the standard PR-adhesives can be applied up to 1 mm glue
line thickness, Weyerhaeuser in Seattle, Wash, (USA) has

proved that the adhesive WCO 87 B with a special filler will hold
up to 1,5 mm glue line thickness, This adhesive permits to glue
up beam parts ("side layup") applied in the production of glue
lam poles according to fig. 9 (15).

Urea-melamine adhesives

Urea-melamine adhesives, usually used for gluing ohipboards,
have gained application in the field of timber engineering.
In the years of resorcinol shortage (1970 and 1971) the BASP
has developed an adhesive type oalled Ksuramin 545 which has
fulfilled the requirements for timber adhesive and can be
regarded as a substitute for the resorcinol adhesives.
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The cﬁring behaviour of this adhesive in the high-fremency-
field or herted presses is very good; good results heve been
obtained in the profuction of wsll paneling for prefab houses

or at s curing temverature of 20°c for glued leminated timber.

A disadvnntage is the short usable life of 3 months within which
the viscosity is increasing permanently., Besides thet, the
glueing ecuipmert cannot be cleaned only by weter, but a
lenching solution has to be added. The prices of the adhesive

mentioned under 3.1l.; 3.5.; 3.4. are comparing as follows:

UR-glue : melamine glue : PR-glue = ) : 3:5

But recently Kreibisch (16) has risen objections against cold-

curing ures~melamine adhesives. He supposes that at 20°C only

the urea component is curing but not the melamine component.

Therefore, if specimens are first stored in cold water and than g
in boiling water, the melemine combinstion is composed by the

first process, and during the second process the urea combi-

nation and the remaining strength is zero,

The result of these tests show insufficiency of long-term
strength., This has not been stated with Keuramin 545, Probably
this is due to the fact that Ksuramin 545 does not only coatain
urea and melamine resin but also phenolic resin. Anyway a lot
of research work has still to be done in this field,

Epoxy-resin adhesives

Because of their difficulty in use and the high cost these
adhesives are normally not used for bonding timber. However,
there 2re some applications where the use of such adhesives

is desirable especislly because of their A irability in thick
glue lines (mm to cm). This adhesive is especially employed
for gluing broken timber elements or assemb".ling steel members
with wood, Glued steel pieces con serve as a reinforcement to
timber members or as a comneotion to the ground (support) or to

other elements, In general eho:w resins are less resistant to
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humidity and heat. However, s formulation has been designed
by which these dissdventages can be avoided. At present

an epoxy resin adhesive is tested in the Mto-Graf-Institute
which promises to achieve the same cueslities ns the resorcinol
adhesives, By adding asbestos flour its viscosity con be
adjusted and the adhecive can be sprayed or noured. These
resins have certainly a great future in the field of bonding '

elements for special purposes.

3.7+ Other edhesives for glued laminated timber

Because of the high cost of the PR-adhesives and of the

vulnerable resorcinol market (great shortage of resorcincl in

1970) many research laboratories make the ~ttempt to replace
the PReadhesives by similar adhesives. The cold=-setting phenol
and melamine adhesives, for instance, con be regrrded 2s 2 substi-
tutes PFurther investigations hnve been made by the National
Timber Research Institute of the CSIR, Pretoria, South Africa,
thoratory research and industriel test runs have been carried
out with a modified tannin-formaldehyde adhesive mnde from an
extreot of wattle~bark (acacia mesrnsii). It wes shown that
sufficiently strong glue lines can be obtained provided that a
glue line temperature of at least 75°C can be applied to the
center of the beam. The adhesive is called "TRU=link" and
fulfills the mqui'rements demanded by the South African
standard SABS Specification 1089-1976.

[ 4. Problems in adhesive technology erising through the use of wcod

preservatives

In Germany wood preservation is regulated by DIN 68800, wood pro-
teotion in building oonstruction, Part 3 of this standard stipulates
thst all timber members having bearing functions must be protected

by wood perservatives., When brush, spray or dip treatments are used,

the minimum quantities of perservatives sre exactly determined.
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For the pressure process the instructions of the producer must

be fnllowed. All preservatives must hove ~ specin! tect certi-
ficrte given by the Institut flir Bautechnik, Berlin »nd sre sub-
mitted to » quslity control, All preservstives sdmitted »t nresent
are published in the 30 cnlled "wood preservrtives list" (17). Hemi=
l=2tions abroad »re noct =s strong as in Germony, Other countries
content themselver with protecting only elements exnored to wesather
or getting into contact with the found~tion, for instsnce Toundnr=
tion for prefahricoted houses, refering then to the pressurvre
impregnation proccus wvhich guarnntees ~n optimum protection slleowmr
the whole wood section, !Infortunstely the prescure =rocess i

only effective for fir wood, but not for pine wond. VFven the Cellon-
process of which the industry thought to be of gre~t succes:s, uned in
the USA for impregnating poles, could not be anplied in Germony
because it does not suerantee » thorouch impregnstion of pine wood,
As in Germany 90 per cont of construction wood used is of pine an
intensive surface trestment is required, Good Yondin~ c~n only be
obtained on dried nnd plened lumber, The rtreservative trc~tment
must be applied to timber elements before glue corting, bocruse »
later machining of the lumber (olrning) would remove the 'thole
nrotective leyer. Consecuently, in timher enzineeri ng -~ protective
treatment can only be done by oil-preservatives which do not influence

the moisture content of lumber.

At this st~ge one has to question whether the preserved surface vill
influence the bonding etrength, This ~uestion was studied in detnil
and results are subject of standeard DIN 57177 investigartineg good neatured
properties of glue preservative festures, It is not possible to
investignte whole groups of preservstives »t once, Howeirer, ‘it is
necessary to investigate every nreservative sep~rrtely in compsrison
to the three adhesive groups UF, PR and melamine. Those preserva-
tives having pessed the test, are listed. Among the gre~rt number of
oil-preservatives there is s water-soluble salt (Boliden-salt K 33)
vhich ic applied by the pressure process. The committee CTN 3
(wood preservatives) s Furopean=Standsrdising Group is preparing the

outlines of good natured adhesive/preservatives, i




1f the slue lines have polymerized the lster applied preserve-

tives have no influence on thc bond strength of the glue. But

~fter bonding » glue 1»m preservetion should not follow within
two or three dsvs so that the glue lines can harden completely

in » hested h-l1,

The question h~s not been solved how great preservative cusrntities
should be »rnlied on glued timber. ‘According to DIN 68300, part 3,
the following minimum quantities heve to be applied by hrush, spray
or dip trertments:

wood expnsed to rain 300 ml/m2 oil
wood not exposed to rain 350 ml/m? oil

Such great cusntities can only be applied to plened glued-laminated
timher in four or more stages, but betusen the operations 24 hours

drrring time is necessary.

This method is unfersible in practice. On the one side investigrtions
arc mede to use smaller prescrvntive cusntities for glued timber end
on the other side the preservetive industry tries to find more
effective preservetives, perhaps a fersible compromise cen be found

from the one or other aide.
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Fig.2a Dimensions of a finger joint

according to NI A6 14C

Fig.2b Long fingers, cross cut Fig.2c Long fingers, flat cut

Long fingers down to nearley 15 mm

Fig.2d Short fingers, cross cut Fig.2e short fingers, flat cut
’ .
Short fingers less than 15 mm
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Fig.3a horizontally Fig.3b vertically Fig.3c vertically lamina-

laminated beam laminated beam ted beam, e.g.for
webs
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Fig.3d Cross-Laminated bgam
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Three hinged frame
Glue lam

frame with finger
Joints

. frame Slope Dimensions
< System sp.‘n : distande of Ir)aoof

[ ] » [ n m . n
4 15,00 5,00 ...7,5 | 14° 0,30 0,70 ... 0,82 0,25
17,50 5,00 ...7,% ]| 14° 0,35 0,78 ... 0,90 0,30
Three hinged 20,00 5,00...7,5 | 14° | 0,40 0,85 ... 1,00 0,35
frame 2,% | 50...7% | 14° |o,45 | 0,93 ... 110 0,40
Glue 1“ a'“ 5,“ [ XX 7'” ‘4. o'” "m cee ‘,20 0'45

Dimensions of a frame
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Fig. 8 Diagram of a laminated wood high voltage power trans-
mission pole. :
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Fig. 9 Principal features ‘of hypothetical Press-Lam
processing system.
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single web beam
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) scarved joint 1:10
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(DIN 68705, imber grade II
part 3)

Fig.10 Corrugated Web-Beanm
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Twin-beam

. Forms .
' Different.
Flatroof form of roof Ridgedroof
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A. CORRECT DESIGN. JOINTS

STRESSED IN COMPRESSION
ANO SHEAR.

8. INCORECT DESIGN. WEB TO
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TENSION.
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Fig.1l3 FJC Wood Truss System
Two variations of a Howe truss connection
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Resorcinol- and Melaminresin adhesives, testet according to
DIN 88141 and suitable for gluing of structural timber components

Type of Type of Harde- Filler Ratio of Mixture Adresss of
adhesive ner Parts of weight manufacturer

Adhe-| Harde- | Filler |Water

sive ner
Aerodux RF 150,151 - - CIBA - GRIGY AGC
185 D 155° ' - o0 | 20 7867 Wehr (Baden)
Kaureein Kauresin -~ Badieche Anilin- & Soda
440 Hirter 444 - 100 20 - - Pabrik AS

4%5, 457 67 Ludwigehafen
ggolitl g:::::t:as 100 25 Bakelite Geeselleschaft mbdH
(Reinhars) |Hdrter 184 400Duisdure .'2
Postfach 76

Bakelite Bakelite -
284 Hirter 184 - 00 | 23 - -

CASCOPHEN | CASCCPHEN « Borden~Chezie Deutechland
RS=240 Hirter RiS-1 - 100 20 - « | CmbH, 61 Darmstadt, Lande~
Hirter RX3-10 kronstrale 46

CASCO /
SYNTEXD 1752 Hiirter 2610 - 0o 1 13 - ° | as-casco taver tur
::::{:::- Hirter 2612 - 100 20 - « | Industrieklebetoffe
i\ P.0. Box 1 10 10
€A3C0 / eo| Hurter 2610 - 100 | 18 - - | 3-10061 Stooxholm 11
Resorcin~ oder - < | (Schweden)
! harzlein Hilrter 2612 - 100 | 15w.20
Ksuramin '/| Kaureain- _ Kokonit 30 Badieche Anilin- & Soda-
545 Hirter 08 Pulver 100 3 15 - | Pabrik AG
flUesnig 67 Ludwigehafen
Strucol Strucol Strucol Struyck Nv
RF 9~-A~ RP~-GQ=B= RP 9-C= 100 20 10 = | Zutphen
fluseig Pulver (Holland)
Dynosol Hidrter H-620 - DYNO Inldustrier AS
8-199 H-627 188 | 23 - = | chemical pivision
H-628 100 20 P.0, Box 779 Sentrum
0S10 (Norwegen)
Aerodux Kaolin-
Aorod\élx HRP 155 - 100 20 - _ | CIBA - GEIGY AG
RL 18 7867 <Yehr (Baden)
Aerodux
EL 500 112, - 100 { 100 - -
Penacolite |Penacolite
Leim Hirter - 100 20 - - ,'.‘2’;2::;,3”,“""' Ine.
6-4422 A [G-4400 B Aeroeil 2002100 | 20 1 Coolsingel 6
Bakslite Bakelite~ Bakslite Gesellschaft mbi
284 Rarter 166 - 100 | 25 - -]4100 Dutsburg 12
Hirter Poetfach 76
Penaooclite |Penacolite Ko
prers Company, Ino.
Leim e 5 - - 100 | 20 - - | Rotterdam 1 '
G-4411 4 _ Aerosil 2002100 | 20 1 Goolsingel €
PRIHA
Resorcin- E. PRIHA OY
harslein RP Hirter - 100 15 - - | Box 80
R?P 30 ' SP ~ 49401 Hamina
[ 4
Finnland

1) Melamin-Phenol-Adhesive

2) Additive for a tixotrope adaptation




Resorcinol- and ﬂelaminresin adhesives, testet according to
DIN 68141 and suitable for gluing of structural timber components

Type of Type of Harde- Piller Ratio of Mixture
Adress of
adhesive ner Parts of weight manufacturer
Adhe- Harde- Filler Water
I _ sive ner
Bakelits | Bakelite Mikrosthl- . Bakelite Geesllechaft
| 284 Hiirter 186 Schlliam- 100 25 30 10 mbH
kreide 4100 Duieburg 12
\ Poetfach 76
100 15 - -
Kaureein-| Xsursein- ltkri-&hl-' 100 20 - - Badische Anilin &
Leim 460 | Harter 467 Schlimm- -
Ereide 100 20 30 10 Solafabrik AG
67 Ludwigshafen
100 2% - -
:mxo. Hirter 2620 - . 100 20 - - AB CASCO Labor fur
1710  Industriexklebstoffe
Resorcin- P.0. Box 11010
harzleim $§ =« 10061 Stockholnm 11
: (schveden)
CASCO
SYNTEXO Hidrter 2620 - 100 20 - -
1711
Resorcin-
harzleim Rilrter 262) - 100 25 - -
Urea adhesives, teatet according to DIN 68141 and suitable
. for gluing of structural timber components
Type of Type of Hard%- Filler Ratio of Mixture Adress of
' adhesive ner Parts of weight manufacturer
Adhe-| Harde-~ Filler Water
. sive ner
i = T 1% 50 S
Aerolite Hiirter a - GEIGY AG
PPD-Plv. L 38 Plv. A T 15 30 75 CIBA - G
Asrolite Hirter EB-Nenl Jaofr 3 50 100 7867 Wehr (Baden)
PPD=-Plv, 200 Plv. 100 ) 30 8o

Kaurit-leim | Hirter 30 Bonit=12%

270 flUosig | r1.(1518%) oder
L & Hérter 70 “;&':’,‘.1 100 10 3% 2%
£1.(50150) | ag1z4¢ 260

Kaurit-Leim | Hirter 30 Bonit=125

Badieche Anilin- &

234 Plv. 11.(15185) oder 100 Soda=-Padbrik AG
¥?r:gg';8) Walzit 250 100 3 i 67 Ludwigshafen
Ksurit-Leim ??r?eg g)
220 Plv. (151 — —
. Hlirter 70 100 14 40
s £1.(50:50)

AB = CASCO Labor fur
§¢§-‘§8xé 1209] ., ' Industrieklebetoffe
1Ussig HErter " - 100 20 - 10 $.0. Box 1 10 10

v| xarvania- | HF 265 3210061 Stookholz 11
‘ harazleinm (Schwaden)
;" W-leim 62 Hiirter U Kreme Chemis Geeell~
Y| flueeig Pulver Bonit 266 1100 4 32 12 echaft mbH
) A3%0 Kreme
' Hafenetrale 77
» S

18.6.1976 Go/dc
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