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Foreword

This manual provides information useful énd nécessary in the
productien of high-quality leminated timbers for ships, barges, and other
-purposes having similarly severe requirements of use, It is based on
accunulated research experience and on special information developed by
the Forest Products Laboratory and by Gamble Brothers, Inc., in pilot
plant studies on laminated ship-timber gluing financed by the Office of
Production ﬁesearch and Development, of the War Production Board at the
plant of Gamble Brothers, Inc., Louisville, Yentucky.

Experientce to date has shown the great importance of careful
selection of glues and control of febricating details in order to produce
laminated timbers of the necessary high quality and glue durability.

It is the purpose of this publication to provide & summary of
the needed information and references to more detailed publications on

various aspects of the problem
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A. LUMBER AHD GLUE FCR LAMINATING

1.0, GROWTH AND STRUCTURE OF WQOD

lsle Growth of weod

In most woods three regions may be readily distinguished on the
end surface of & log: (1) the bark, (2) a light~colored layer next to the
bark, called the sapwood, and (3) an inner zome, usually darker than the
sapwood, called the heartwood. In the structural center of the log is a
small, soft core known as the pith, These zones are shown in figure 1.

Sapwood and heartwood are similar in cellular structure (E)l, In
the growing tree (fig. 2) the sapwood contains some living cells and takes
an active part in the life processes of the tree. Most of the sapwcod cells,
however, are inactive and funetion only as channels for the movement of sap

nd as strength elements in the tree trunk. The heartwood consists entirely
of nonliving cells.

A tree grows in height and spread of branches by the addition each
year of new growth at the tips of the twigs. Each year new cells are also
produced on the outer side of the sapwood of the trunk and branches by a
thin layer of cells, ocalled the cembium, lecated between the berk and the
sapwoods As a tree increases in diemeter by the addition of new layers of
sapwood cells, dead as well as living branches are gradually embedded in the
wood of the trunk end becomd known a&s knots. Normally e knot sterts at the
pith and increases in diameter from the pith outwerd so long as the branch
is adive,

The inner sapwood changes to heartwood at substantially the same
rate as that at which new sapwood cells eare formed by the cambium., The
principal changes involved in the transformation of sapwood to heartwood
are the death of the living colls of the sepwood and the infiltration of
various materials into the cell walls and cell cavities which usually derken
the wood and, in many species, meke it more resistant to decay, stain, mold,
and insect attack. In some species, such as those of the white oak group,
the larger cells (pores) become partially or completely plugged with ine
growths, known as tyloses, shortly before the change from sapwood to heart-
wood ‘tekes place. There is no substantial change in strength with chenge of
sapwood to heartwood.,, )

In most trees grown in a temperate climate, the cells formed et
the beginning of each year's growth are larger than those formed later in
the season and, consequently, well-defined concentric growth layers of wood,
known as annual rings, can be seen on & oross section of a log, as shown in
figure 1,

lUn.dersoored numbers in parentheses refer to publications listed under
"Literature Cited", which give more detailed information,
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Springwood is the wood formed during the -early part of the growing
season end occurs on the imner side of the annual ring. In such woods as oak,
it is more porous than the summerwood that makes up the outer part of the
ennual ringe In such woods as Douglas-fir and southern yellow pine, spring-
wood is much lower in density than summerwood: In general, springwood is .
lighter, softer, and weaker than summerwood although in some woods, such as
birch and sweetgum, there is no distinct difference between springwood and
summerwood ,

1.,2. Hardwoods and softwoods

5 Joods can be -grouped in two general classes: hardwoods, such as
oak and maple, that come from trees with broad leaves; and sof‘twoods, sueh
as fir and pine, that come from cone-bearing trees with needle-like or
scale-like leaves. The terms hardwoods and softwoods do not refer to mechan-
jcal hardness since some of the so-called softwoods (southern yellow p1ne3
are herder than some of tho so-called hardwoods (basswood) (4).

; e cellular structure of these two clesses of wood is fundamental-
ly different, however, as jndicated by figure 3. That of hardwoods is
characterized by the presence of larger cells, constituting pores or vessels,
soattered among the smaller fibers, In softwoods the bulk of the wood is
composed of tracheids. These are fibrous cells that serve the combined pur-
pose of the pores and wood fibers of hardwoods (7, 8).

1.3, T¥ood rays

ost of the cells in wood, including vessel segments, fibers, and
tracheids, are vertical elements, that is, their long dimensions extend in
the direction of the grain and in a standing tree are vertiecal, In addition
to. these vertieally arranged cells, there are strips of horizontally elon-
gated cells in wood that extend radially from the bark inward, and are kmown
as rays or wood rays. In oak the larger rays asre distinetly v1s1bie as
broad lines on the cross section and as large flekes from a fraction of an
inch to several inches long on radial surfaces. In all other native commer-
cial species the rays are much smaller.

1.4, Plain-sswed and quarter-sawed lumber

Viood can be eut in three distinct planes with respect to the annual
layers of growth: lengthwise tangent to any of the annual rings, exposing
the tangential or so-called plain-sawed, slash-grain, or flat-grain surface;
lengthwise along eny of the wood rays, exposing the radial surface, also
known as the quarteresawed, edge-grain, or vertiecal-grain surface; and
crosswise, exposing the transverse or end-grain surface (flgure 4). Usually
the faces of the so-called quarter-sawed or edge-grain lumber are not cut
strictly perallel with the rays, and often in plain-sawed boards the sur-
faces next to the edges are far from being tangent to the rings. In commer-
cial practice, lumber with rings at angles from 45° te 90° with the wide
faces is called quarter-sawed while material with rings at angles from 0° te
45° with the wide faces is called plain-sawed, 4 board may be plain-sawed
in one part and guearter-sawed in another part of its width.
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1.5, Identification of woods

Identifieation of most species of wood by general appearance is
possible only after long experience, GSpeoific differences in cellular
structure, some of them microscopic, together with such characteristics as
color, odor, taste, weight, and hardness, are the bases for the technical
identification of wood. Two keys thot permit the systematic identification
of such important shipbuildin§ woods a&s white oek, Douglas~fir, and southern
yellow pine are available (12),

2.0. MOFERTILS COF 1OOD

2.1, Veight

The weight of wood per unit volume when dried to & uniform moisture
content is a fairly reliable indication of its strength and shrinkage., In
general, heevy woods are stronger and shrink more in drying than do light
woods. The weight of wood is usually expressed as so many pounds per cubic
foot or per thousand board feeb at a stated moisture content.

2.2+ Vood~moisture relations

loisture content-- loisture, sometimes known as "sap", in green or
wet wood, is held in two ways. “art of it is bulk liquid conbained in the
cell cavities and is known as free water, and part is absorbed or "imbibed"
water held in the cell walls. OSome Iree water is present in both the hearte-
wood and sapwood of most living trees, although the amounts may differ
greatly. liore moisture is usuelly contained in green sapwood than in heart-
wood. Contrary to common belief, the veriation during the year in the
amount of moisture in a standing tree is slight.

The amount of moisture in wood, termed the moisture content, is
ordinorily expressed as a percentage of the weight of oven-dry wood. If,
for éxemple, the moisture content of a dry board is 10 vercent, there are by
weight 10 parts of water to 100 parts of oven-dry wood. If the moisture
content of a green board is 150 vercent, tiie moisture constitutes 3/5 and
oven-dry wood 2/5 of the total weight of the board. The term "moisture
content" obviously is relative and does not give & measure of the absolute
amount of water present unless the density of the wood is taken into consid-
eration. An oak board at 20 percent moisture content, for example, contains
more water than a spruce boerd of the same dimensions at the same moisture
conbent.,

The trade terms "air.dry", Vshipvingedry", and "riln-dried" heve
.no specific meaning with regerd to moisture content. Air-dry lumber may
have a moisture content ranging frem 6 percent in the arid Southwest during
the summer months to 24 percent in parts of the Pacific Horthwest during the
winter, 1In genersl, the average moisture content of thoroughly air-dry
- lumber is approximately 12 to 15 percent. Lumber that is partially dried
“to reduca freight charges is known as shipping-dry lumber end may have a
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moisture content of 30 percent or more. Kiln-dried lumber is commonig: re-
duced to & moisture content of 4 to 12 percent, depending on the requirements
for its use, although kilndried softwood lumber in cdémmon grades is sometimes
only partially seasoned to 15 to 22 percent moisture content.

lleasurement of moisture content-- Two methods most commonly used
for the determination of moisture content in wood are the oven-drying and
the electrical methods. The, oven-drying method is more exsct and is appli-
cable over a wider range of moisture content values, whereas electrical
moisture meters, altliough somewhat limited in range and accuracy, offer a
rapid means of estinating moisture content. Ilectrical moisture meters do
not read below 7 percent moisture content and hence are not of much value
in avoiding the use of over-dry lumber for laminating purposes. Descriptions
of these methods and of the equipment needed to carry out moisture content
determinations are given in several publications (18, poe. 3=6, 11, ppe 206~
210, end 2), ‘ - -

Fiber-saturation point-- 4 portion, or even all, of the free water
contained in the oell cavities can be removed without reducing the emount of
water in thetcell walls., The point at which the cell cavities are emptied
of water while tlie moisture content of the walls remains unchanged is called
the fiber-saturation point. Further drying removes moisture from the cell
walls themselves, It is at the fiber-saturation point, usually between 25
and 30 percent moisture content for most species, that the changes in the
properties of the wood caused by drying usually begin to teke place.

Equilibrium moisture content-- Any piece of wood thet is pleced in
an atnosphere in which temperature and humidity are held constant will give
off{ or take on moisture from the surrounding atmosphere until the moisture
in the wood has come to a balance with the atmosphere. The moisture content
of wood at the point of balance is called the equilibrium moisture content
for those conditions (15, pp. 6-8).

Accurate determination of the equilibrium moisture content of wood
at different dry-bulb temperatures and relative humidities is easily accom=
plished through the use of figure 6. At 80°F. and 50 percent relative humid.
ity, for example, this graph shows that the equilibrium moisture content is
9 percent. If the temperature is raised to 180°F, and & relative humidity
of 50 percent is again established, the wood will reech equilibrium at 6
percent moisture, Relative humidity may be readily debermined from wet-
and dry-bulb hygrometer readings and from tables of dry-bulb temperature end
wet-bulb depression <l§3 pos 9-10), or from plotted values presented in
figure 7, ‘ v : '

Shrinkage of wood-« The drying of wood below its fiber-saturation
point is accompenied by shrinkage. In 2ll spesles of rood, flat-grain
lumber experiences the greatest amount of ghrinkege aeross the fave
(tangentisl) and, quarter-sawed lumber approximately 1/% to 2/3 es much
(radial), when dried to the same moisture gontent, Hormal wood experiences
very little change in length as it becomes dry, Subsequent absorption of
moisture results in swelling of the wood, and, if absorption is carried to
the fiberesaturation point or higher, the smount of swelling will generally
equal the original amount of shrinkage, Shrinkage of wood is discussed in
detail in several publications (15, pp. 11-16 and 11, pp. 193-198),

Liimeo HoR1437 whe



2.3+ otrength of wood

Basic strength oroverties~- In its broadest sense, strength includes
all the properties that eneble wood to resist different forces or loads. In
a nore restricted application of the term, strength may refer to any one of
the diff'erent mechanical properties of wood. ihen used in this way, the name
of the property should be stated. A wood that is exceptionally strong in
resisting one kind of load, such as endwise compression, may be inferior to
other woods in bending strength, stiffness, shock resistance, or hardness.

Comperative strength values for native American woods are available
(1&, pp. 5-13). These strength values are based on tests of small clear
specimens of wood that eliminate the effect of defects.

Unlike metals which have generally uniform strength in all direce
tions, wood does not have the same strength across the grain as parallel to
the grain, The ratio of temsile strength parallel to the grein comparad with
that across the grain is comwonly as high as 40 %o 1, and the ratio of com-
%r§551ve strengths in these two dlrectlono is often as high as 7 to 1.

The position of the growth rings influences a few of the strength
properties of wood. Theére is little if any difference in strength, however,
between quarter-sawed or plain-sawed stock when loaded as a beam, nor is there
any technical basis for the comman belief that plain-sewed lumber bends more
readily than quarter-sawed stock. Some properties, such as compressive
strength across the grain, are considerebly affected by the direction in
which the load acts across the fibers, Greatest loads in compression across
the grain can be supported when they are applied to the flat-grain surface,
intermediate loads cen be carried on the quarter-sawed surface, and lowest
strength results when loads are apnlied at an angle of 45° to the annuel
growth rings (11 Pe 56,

Specific gravity (or density, as related to strensth-- The specific
gravity of wood substance, the material of which the cell walls are composed,
is about 1.5 regardless of species. Consequently, the speecific gravity of a
piece of dry wood is an excellent index of the esmount of wood substance it
contains and hence is an index of its strength properties. Thile a general
relationship exists between specific gravity and strength properties anong
different species, specific gravity afiords a still better index of strength
where only one kind of wood is involved. The heaviest pieces of & species
of wood may be 2 to 3 times as heavy as the lightest ones.

Although the number of rings per inch is sometimes of essistance in
evelueting the strength of wood, it is not so reliable as specific gravitye.
Among the ring-porous hardwoods, such as oak, wood of fairly rapid growth is
Ilkely 4o be cxcellent in weight and s! trength., foftwood species, such as
Douglas-fir and southern yellow pine, show & wide range of density and
strength at differeut rates of growth, but usvally the strongest material
is associated with a moderate rate of growth, bxceptionally rapid: or slow
growth is likely to be accompanied by low density and correShondlngly low
mechanical properties (11, pp. 59-80),
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lipisture as related to strength~-- lWood increases in most strength
properties as 1t dries bLelow the fiber-saturation point. The increased
strength of dry over green wood is believed to be chiefly due to the
strengthening and stiffening of the cell walls as they dry out. In drying
wood from green to 5 percent moisture content, the end crushing strength and
bending strength of small clear pieces may be doubled or tripled, The in-
crease in strength with seasoning is not so great in large timbers containing
defects. Ir them the increase in strength is, to a large extent, offset by
the influence of defects that develop in seasoning.

The verious strength properties are not ecually affected by changes
in moisture content. Whnreas somé properties, such as crushing strength and
bending strength, increase greatly with drying, others, such as stiffness,
incret se only moderately, and still others, such as shock resistance, may even
show a slight decrease. This last effect is due to the fact that dry wood
does not bend so far as green wood before failure, although it will sustein
a greater load, and shock resistance or toughmess is dependent upon both
strength and pliability (li, pp. 61-62).

4

2+4. DBending of wood

Yhen a pisce of wood is bent, the fibers on the inside of the curve
are in compression and those on the opnosite side are in tension. The radius
to which dry lumber can be bent before bresking is dependent upon thesspecsies,
moisture content, thickness of material, and the defects present. The breake
ing redius for individual boards veries considerably from the average. In
general, hardwoods will bend to more severe curvature than softwoods.

When wood is both wet and hot, its plasticity is increased., This
effect is more evident in the hardwoods then in the softwoods, Such hard-
woods as elm, hickory, and ash are particularly adaptable to bending, after
steaming or sosking treatment in hot water, to a radius as smell as 3 or 4
times the thickness of the piece. Bending of steamed lumber to sharp ourva=-
tures requires careful selection of dense, clear, straight-grained stock and
careful manipuletion during the bending process.

2+5. Durability of wood

If it is kept continueusly dry (below 20 percent moisture content)
or submerged in water, neither sapwood nor heartwood of any species will de-
waye™ When exposed to warm moist conditions favoreble for the development of
decay organisms, however, the untreated sapwood of practically all wopods is.
short-lived. Under these conditions the durability of heartwood of different
species varies over & wide range. The heartwood of black locust, for exsmple,
is extremely durable; that of_White oak and dense Dougles-fir is not gquite so
dureble; temaraciz is intermediate, and cottonwood is very low in resistance
to deeay. A4 classification of common woods based on decey resistence of the
heartwood is given in another wublication (11, ppe. 41-43)., Impregnation with
suitable preservatives will greatly proleng the life of nondurable woods
under severe exposure conditions.
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340, IATURAL DEI'ECTo IN WOOD

Irregularities in wood that tend to lower its strength, durability,
or usefulness are known as defects. Certain defects, such as knots and de-
cay, preatly affect the strength of wood; pitch streaks, that occur in some
coniferous woods, and knots may impair the gluing characteristics of a surface;
still other defects may affect a combination of properties. Cross grain, for
example, influences strength, shrinkage, end gluing proverties.

3+le Decay and stains

The strength of wood is seriously irpaired by decay (ll, Ppe 66-67)a
Although all decay organisms do not act alike, certain types of decay, even
in their early stages when evident only as slight discolorations of the wood,
may cause a considerable lowering in shock resistance, In the later stages
of decay, all thé mechanical properties detericrate., Discolorations caused by
steining fungi are not in themselves serious defects, but the conditions under
which they develop favor the growth of wood-destroying fungi and there is
dé#nger that the stain may mask decay infection.

3424 Cross grain

The term "cross grain" refers to any deviation of fibers in a wood
merber from the lengthwise direction of the member. Cross-grained material
is weal: as & result of the relatively low stroength of wood in tensien perpen-
dicular to the grain as compared to tension parallel to the grain. In addi-
tion to their reduced strength, members containing cross grain are undesirable
from the standpoint of warping and lengthwise shrinkege and swelling,
llethods for the recognition and measurement of spiral and diagonal grain, the
chief types of cross grain, are given in another publication (11, pp. 64~65),

3630 Inots

The wealtening influence of & knot is due in large part to the dis-
torted grain around the knot. In fact, the distorted grain lowers the
strength fully as much as does the knot itself. Inots are serious in their
effects on the bending strength of woods A knot located on the tension face
of a beam has about twice the weakening effect of a similar knot on the com-
pression side. The effect of knots depends on their size, location, shape,
and soundness. Knots are harder to mechine than the surrounding wood and
may project from the surface when shrinkage occurs. Furthermore they are
more resistant to eomuression ot right angles to the grain than the surround-
ing wood, end are apt to cause an objectionable lack of uniformity in the
distribution of pressures used in lamineting operations. The end-grained
surfaces presented by !mots also are not favorable for strong and durable

lue joints. Intergrown and encased knots are briefly discussed elsewhere
11, pp. 63-64)._ L knot that is cut through trensversely or obliguely is
Imovm as a round knot or oval knot and one cut through lengthwise is kmown
as & spike knot (fig. 5, £, B, and C). A tight knot is one so fixed by
growth or position that it will firmly retain its vlace in the piece. An
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$ntergrown knot is necessarily a tight knot. & sound kned is solid across
its face, &s hard a§ the surrounding wood, and shows no sipns of decay,
Ordinarily, the size of knots refers to the average of maximum and minlmum
diameters.

S«44 Shakes and splits

A sheke is @ lomgitudinal separation in wood extending, in general,
between two annual rings, A split is e lengthwise separation of the wood
extendinpifromvoieceurfdpe through the piece to the opposite surface or te
an adjoining surface, In beams, the prinecipal effect of shakes and splits
is to reduce resistance to longitudinal shear, or the sliding of one part of
the member upon another,

845, Pitoch and bark pockets

Pitoh pockets are openings within or between the growth rings of
certain coniferous woods, such as Douglas-fir and southern yeéllow pine, cone-
taining piteh and sometimes bark ms well. Ordinarily their dimensions et
right engles to the ennual rings are less than 1/2 ineh although they may
extend for several inches longitudinelly end tangentially. Unless they are
large or numerous, and invelve considerable distortion of the grain, piteh
pockets are ordinarily not seripus ip their effect on strength. A large
number of piteh pockets in or close to the same annual growth layer, howsver,
indisates & lack of bond and mey be eguivalent in effect to a shake, A bark
pocket is a patoh of bark partially or wholly enclosed in the wood and, of
course, may oocur in any species. Its effect is similar to that of & piteh
pocket of the same size,

5g5. Compression failures

Compression failures appear as more or less pronounced wrinkles or
as fine white lines extending eoross the fibers on e side-grain surface
(fig. 5, D)y Their presence indicates thet the wood has at some time been
exoessively compressed, Compression failures may ococur when standing trees
ere severely bent or when logs or sswed stock are roughly handled, They
wesken wood partigularly in tension and shook resistence, and a member cone
teining campression failures is apt to produce brash’appe&ring and sudden
failures.

SeTs Bird pecka and mineral streaks

A bird peek is & small hole or pateh of distorted grainm resulting
from birds pecking through the growing cells of the tree (fig, 5, E), These
defects frequently occcur in horizontsl rows around the tree and mey result
in the formation of mineral stresks, Illineral stresks are dark brown or
black etreaks, frequently with a green tinge and often gontain mineral mate
ter in sufficient quantities to dull sharp-edged tools, Iineral stveaks are
frequently infected by fungus and wood conteining them checks more essily in
seasoning then does normal wood, Evidently mineral streaks are often, if not
always, due to some injury to the living tree,




38, liorm holes

The effect of worm holes on strength depends on their size and fre-
quency. A worm hole not over 1/16 inch in diameter is known as a pin hole;
a medium hole is over 1/16 inch but not more than 1/4 inch in diameter; and
a large hole is one over 1/4 inch in diameter. Although the lose of strength
associated with a pin worm hole is usuelly slight, the possibility of exten-
sive damage to the interior of a piece by powderpost beetles should be rec-
ognized. These insects may seriously damage the sapwood of white oak and
other hardwoods with no apparent injury other than small emergence holes on
the surface.

3+,9. DBrashness

Vood that is low in shock resistance and fails at relatively low
loads in bending by an abrupt break across the fibers without splintering is
known as brash wood. Freauently, brash material is of low den51ty and can
be avoided, where strength is important, by the rejection of exceptionally
light-weight pieces, In hardwoods, such as oak and hickory, brash material
js often characterized by very slow growth. iot all brash wood, however,
1s low in density. Two of the most frecuent causes of brashness in stock
of satisfactory density are decay and compression feilures, Ieference has
been made to both of these defects in previous paragraphs.

4,0, SEASCNING CF LUIBER

Lumber is seasoned to improve its suitability for use. FProperly
aontrolled seasoning of lumber reduces the amount of seasoning defects that .
may otherwise develop in drying or in service, lessens the liability of wood
to decay while air drying, and, perticularly importent from the standpoint of
laminating, reduces the moisture content to the level most satisfactory for
gluing operetions.

4,1s Alr drying and kiln drying

Lumber may be air seasoned or kiln dried. The principles 1nvolved
in air seasoning are discussed in another publication (15 ppe 18-24) Com-
mercial methods of &ir drying and storing Ary lumbor are presented in the
same bulletin, (15, pp. 32-55) and in other publications (lg 17).

“Then the recuirements for a n»articular purpese demand a lower
moisture content than can be obtained through air seasoning, kiln drying is
necessary. Xiln drying also pnermits & considernble reduction in drying time.
Successful kiln drying depends in large part upon the proper regulation of
temperature, humidity, and circulation. The principles governing the control
of these factors are covered in another bulletin (18, ppe 7=31. Thenever
wood dries, moisture will become unevenly distributed throughout the piece
and unequal shrinkage will occur, which may he debtrimental unless kept with-
in permissible limits. Urying stresses set up as a result of irregular
shrinkage and methods of stress detection and stress relief are discussed in
other publications (18, pp. 31-83, 37-43, and 9). Decommended kiln drying
schedules for commercial brectice toyet’er with details of kiln operation
are also presented (18, pp. 43-95),
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4,2. Seasoning defects

I‘ost seasoning defects result from drying stresses that accompany
weven shrinkage. Such defects include surface and end checls, warp, case-
hardening, honeycomb, and collapse. These defects are discussed in other
publications (18, po. 33-36, 11, p. 204, and 16, pp. 24-27),

4,3, Seasoning recuirements for lumber for laminating ourposes

Careful control of moisture ccntent and internal stress is essential
to tHe success of the lamincting overation. In preparing whibe oak laminat-
ing stock Tor gluing, specific limits are placed on the averapge moisture
content, on the veriation in moisture content between boards, and on the
distribution of moisture in each board., The moisture content must average
between 8 and 15 percent, and the meximum difference in moisture content pere
mitted between individual boards to be used in the same laminated memler is
3 percent, A further requirement svecifies that the difference in moisture
content betwden shell and core in any board shall be not more than 2 percent.
Shell and core specimens are prepered as indicated in figure 8, These limi~
tetions call for eclose control of kiln drying and for the maintenance of
proper storage conditions prior to gluinvge.

5,0, VOODIGRLING GLUES

S5.1e Types of glues

_ Prior to the development of the synthetic resins, the glues most
commonly used in woodworking insluded the animal, veretable (starch), casein,
vegetable~protein, and blood-albumin types (§J 18, pp. 2+«9), In the last
decade, howaver, an incrasing number of syntheticw-resin glues have been made
evailable (10). The resin glues in most common use at present are the urea-
formaldehyde ,and"phemod-fornalddhyde glues, lelamine, resorcinol, and vinyl-
ester resins represent glues that are promising but are not yet so well known,

iith the exception of the vinyl-ester resins, the s;ynthetic resin
glues that have been named are clessified as thermosetting; that is, once
the glue has set it will undergo no softening even though the temperature is
reised above that required for the original setting up to temperatures that
will char wood, Thermoplastic zlue joints, on the other hand, must be ree
tained under pressure until cool in order to harden and strengthen the glue,
and subsequent heating above the softening range will destroy the glue bond,

Some thermosetting glues are formulated for hot-pressing et
temperatures in the neighborhood of 240° to 320°F,, others, such as those of
the low-temperature phencl type, set at intermediete tenperatures and cen be
cwred in a pronerly controlled dry kiln, and still others contain a catalyst
thet eccelerates the setting reaction sufficiently to permit complete ocure
at room temneratures, The latter are commonly called cold~setting resins
and are typified by some glues of the urea-regin type,
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Although the dry joint strengths of all common woodworking glues
are suflicient for most purposes, the low water resistance of vegetable,
vegetable-~protein, and animal glues limits them to uses that do not involve
severe exposure to moisture. .

5.11s Casein glues

Casein glue is classed as "water resistant" on the basis of its
relatively high resistance to moisture in comparison with vegetable and ani-
mal glues. Its basic constituent is the dried casein of ‘millk which, combined
with alksli-producing chemicals, is water soluble. The further eddition of
lime causes the glue to set and retain a considereble portion of its strength
even when submerged in water for & short period of time. In prolonged labora-
tory tests of plywood cortinuously sosked in water, however, casein glue
joints have failed completely. Under exposures involving high humidity,
casein plue joints weaken rapidly. [Relatively recent introduction of casein
glues containing sufficient toxic chemicals to prevent development of molds
and other micro-organisms has consideradly improved the strength and dura-
bglity at high humidity.

5.12, Urea-formaldehyde glues

Urea resins are aveilable as dry powders or as suspensions in water
that ordinarily contain from 60 to 70 percent solids. The powder forms are
prepared for use by mixing with water to produce suspensions of approximately
the same concentration. Some urea-resin powders are formulated for use
especially as cold-setting glues and include an incorporated catalyst. Other
types serve either for room temperature setting or hot-press operations de-
pending upon the pnarticular catalyst added by the users

Those urea-resin glues that are formulated for hot-pressing gener-
ally set at temperatures in the range of 220° to 260°F, The rate of setting
of eold urea resins is reasonably rapid at a room temperature of 75°F, (3)
(pressure can usually be removed after 4 hours) and is appreciasbly accelerated
et higher temperatures. Setting +emperatures below 70°T. dre not recommended
for urea glues,

Urea~-resin glue joints in most woods are highly water resistant at
ordinary temperatures. Tests of birch plywood have shown that glue joints
of this type retain good strength values after several years of continuous
soeking in water. These glues, however, are less satisfactory in resisting
the effeot of high humidity and deteriorate considerably when continuously
exposed at high humidities. They are subjsct to proncunced weakening in
water et temperatures above 15C0F, and weaken more greduslly when exposed im
dry air at similar temperatures.

Although highly resistent to continuous soaking when used to glue
some woods, cold-setting urea resins have performed unsatisfactorily in
laboratory water-exposure tests when used to glue certain woods, including
white oek end Douglas-fir, These results are confirmed by reports of par-’
tial delamination of experimental white oak leminated ship keels within 9
months when exposed in salt water.
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Some urea-resin glues have been developed primarily to improve the
resistance of the glue joints to hot water. These glues may be combinations
of urea resin and resoreinol or melemine resins end are variously referred
to as "fortified" or "modified", These special urea-resin glues avpear te
be somewhat more resistent to deterioration at high temperatures than either
the cold-setting or hot-press ureas, but exposure tests indicate little im-
provement, if any, in their resistance ‘o high humidity.

5413« rhenol-formaldehyde glues

*

The phenol-formaldehyde glues may be classified, on the basis of
setting-temperature requirements, &s hot-press and low-temperature glues, In
general, phenolig-resin glues are formed by the reaction of phenol or cresol
with formaldehyde. For the production of woodworking glues, the reaction is
stopped at an intermedisate stage to obtain a product that can be powdered and
suspended in water or some other solvent, such as alcohol, After the resin
has been appilied to the surfaces to be glued, the setting reaction is carried
to completion by the application of heat.

As a class, phenolic-resin glue joints are extremely durable over
& wide range of moisture and temperature conditions. They are resistant to
attack by micro-organisms and are highly dureble under such adverse condi-
tions as continuous soaking in fresh or salt water, continuous exposure at
high humidity, cyelic exposures involving wetting and drying, and exposure
to high temperature at low and high humidities. The strength of phenolic-
resin glue joints properly glued and cured is largely limited by the ability
of the wood to resist the conditions of exposure.

Hot-press phenolic glues-- Liost hot-press phenolic (lues are nearly
neutral in reaction and are available in film, powder, and licuid forms. )
ihen the glue is spread as a liquid, pressing may be done immediately or it
may be delayed for several days. .laten temperatures for gluing with hote
press phenolic-resin glues of either film or ligquid form in the usueal hote
press operation are normally from 240° to 320°F.

Low-temperature phenolic glues-- Several phenolic, melemine, and
resoroinel resins and combinations of them that set at substantially lewer
temperatures then those recuired for hot-press phenolics have been develeped
recently. iost of these glues contain either .acidic or alkaline catalysts
to accelerate the rate of setting at relatively low temperatures. Some of
them cure et temperatures of 150° to 200°T. and nresent indications are that
glues of this type may soon be available that will set at even lower tempera-
tures. . '

In general, highly acid low-temperature phenolic glues appear to
cause deterioration of the wood under certain conditions of exposure, re-
sulting in reduced strength and shallow wood failures in the vicinity of the
glue lines, Approximately neutrale or slightly alkaline-catalyzed lowe
temperature phenolic glues do not show this effect,
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5,1%s llelamine-formaldshyde glues

Jlelamine-resin glues are available both as hot-press and low-
temperature types. Their cheracteristics and properties are similar %o
phenol-formaldehyde glues of the same type, except that temperatures re-
quired for curing the hot-press melemines are somewhat lower than for hot-
press phenols,

9515, lesorcinol glues

The properties and characteristics of resorcinol glues have not
yet been fully investigated. They are represented by the manufacturers as
developing cure and a high degree of water resistance at room temperatures
and are finding apolicetion in the laminating of timbers. The indications
are that they cen also be cured more rapidly and es satisfactorily as under
conditions suitable for low-temperature, phenol-formaldehyde glues.

1

5s2+ Glues for use in laminating timbers for severe exposure

The selection of glues for use in leminating timber products, such
as ship timbers, is necessarily based on their curing requirements and on the
ability of the glues to withstend severe conditions of exposure. On this
besis, the choice of glues for ship timbers is limited at vresent to those
of the low-temperature phenol, resorcinol, and melamine~formaldehyde types.
The durability of the non-resin glues and of urea-formaldehyde resins is ine
adecuate, and the temperature requirements for curing the hot-press resins
are not readily met by the use of generally available plant equirment.

Although some phenolic-resin glues have been formulated with the
idea of curing them at room temperatures, wood joints made at room tempera-~
ture with these mixtures have not proved sufficiently strong and durable te
recomnend their use for lamineting timbers under such conditions with the
denser species of wood when meximun joint strength and durability are ‘essen-
tials If, however, the laminations sre spread and nressed at room teniperature
and the essembly then heated in a curing chamber while still under pressure,
maintaining a relative humidity necessary to prevent dimensional change in
the wood during the heating veriod, the joints made with some of these glues
are high in strength and durable under severe conditions.

e

Low-temperature,Aphenolic-tygg_glgpa&

Glues of the low-temperature, phenolic type may be furnished in
either a licuid or powder form with separate catalyst. The degree of acidity
(or alkalinity) of low-temperature, phenolic-type glues, expressed on the

2 . : ‘ ’
—Glue and gluing recuirements presented in this section are based on Bureau
of Ships Ad Interim Specificetions 52G12(ILT) and P39«0-7(ILT).
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baxis ef ‘pH of the set glue film, veries with different glues frgm highly
acid (pH 143) to mildly elkaline (pH 8.4). Acid-type glues that set to a
£ilm with pH less than 2,5 are not asceptable for ship timber usg. A4t the
present time glues having the characteristics necessary for the gonstruction
of laminated ship timbers are all of the liquid type. Some glueg of this
typs are combinations of phenol &nd resorcinol resins,

Storage lifo-« The length of time that a glue may be kept in storege
in the original container and still be usable (storage life or shelf life) and
the storage conditions required are important in low-tempersture, phenolie-
type glues, OStorage life, for exemple, varies with different glues frem as
short & period as 35 days to more than 3 months et 80°F, A storpge 1life &b
80%F," of at lenst 30 days is reguired. The glue should be maintpined in eold
storage at some temveraturs between 40° and 70°F,, preferably at 55° § 5°F.,
and it should be used within the shelfwlife period guaranteed by the manue
faoturer at the storage temperature used.

iforking lifee~ The liquid working life of lew~-temperature, phenoclie
glues after mixing must be at least 2-1/2 hours at 809F, Ianufacturer's in.
struetions wish regard to working life at different temperatures should be
observad, and use of the glue permitted during this period only.

. Moisture content requirements-- Low-temperature, phenolic glues
produes the strongest glus joints if the moisture content of the wood at
the time of gluing lies somewhere betwesn 8 and 15 percent, The moisture
content in any assembly, however, should be uniform as well as within this
ranges
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B. LAMINATING SHIP TIIBERS WITH LOW-TEMPERATURE
PHENOLIC-TYPE RESIN GLUES

8707 SELECTION ...D SUIPRARPATICH OF LULBDEL FOL LAIIRATING

8.1, Limitation of defects

In preparing lumber for laminating it is essentiesl to comsider all
defects that will impair the quality of the glue bond, interfere with the
proper shaping of curved members, or reduce the serviceability of the fin
ished product. Consideraticns that will affect the size and position of
allowable defects include:

6. The strength requirements of the finished member,

be The severity of curvature in bent members. Sharply bent
! agsembliés require a better grade of stock than do flat

or slightly bent members.

¢s The dimension of the finished piece. A bent boat frame, for
example, finished to l-inch width permits fewer defects
than a keel 8 inches wide.

de The strength and durability requirements of the glue joints,

o« Position of scarf aend edge joints., Ldge end searf joint
lines should be free of defects.

fe Character of subsequent machininge. Depth of stock removed
in final shaping determines the removal of surface de=
fects and the exposure of interior defects,

ge Dursbility expected of laminated timber against deterior-
ation and decay of wood (sapwood, for exampla).

The presence of large holes, loose and unsound knots, dote, wane,
and similar defects indicates decreased strength of the wood at such points.
Sheke, splits, and such seasoning defects as severe surface checking, honey-
comb, and collapse indicate rupture and weakened wood. 4ireas of cross grain,
end grain around knots, and sound or loose knots do not glue well due to the
exposed end grain, These natural and seasoning defects must be avoided in
laminating members when the maximum strength is recuired. ’

In most laminated members, however, the requirements are somewhat
less than those in which only clear stock is suitable. The specifications
covering the items to be produced will generally describe the quality of
product required and the defects which may be permitted. In selecting lumber
for laminating high-strength ship timbers, the more critical curved parts
bent to the maximum curvature permitted require clear apd straight-grain
lumber free of defects eoxcept small holes not over 1/16 inch in diemeter and
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sound tight knets not over }/4~inch in diemeter, while uncurved members will
permit'l/@-inch holes and 3/4-inch sound knots. Intermediate cyrvatures sbould
permit intermediate sizes of defects since such defects do not interfere with
the bending of the laminations to the required curvature.

Sapwood, when used under conditions of high moisture content, is
readily susceptible to attack by wood-destroying fungi, It is also attacked
by insects. lhen placed in a laminated assembly, the decay of & single board
of sapwood may cause failure of the entire member. Vhen it is required thet
the wood be durable, the amount of sepwood in any laminetion therefore should
accordingly be limited,

)

6,2, lioisture content of lumber

The moisture content of lumber at the time of gluing 4§ of importence
in the fabtrication of laminated prodiicts. Low-temperature, phenolic glues de-
velop the strongest glue joints when the wood at the time of gluing has a
moisture contgent within the range of 8 to 15 percent., Any change in moisture
content after gluing and curing causes swelling or shrinking of the wpod. Such
dimensional chenge develops in the glue lines and wood stresses that favor
delamination end reduce the load that the member can carry in service. The
ideal moisture content for the lumber at the time of gluing is that which will
produce strong glue joints and will be as near ss practicable to the average
moisture content of the laminated timber in service. A moisture content of
11 to 12 percent in the lumber is probably the most vractical for most plants
that ere laminating timbers for ships and other outdoor use.

The wniformity of moisture content between the laminations of any
one assembly and throughout the cross section of each board is also importsnt,
If adjacent leminations differ widely in moisture content at the time of glu-
ing, subsequent moisture equalization chanzes will cause them to swell or
shrink differently, with the consequent development of stresses in the glue
liney of delaminetion, and of distortion of the finished member. An extreme
range in moisture content, between laminations not greater than 3 percent is
recommended, Stresses will also be created if the interior portion of any
one board differs greatly in moisture content from the outer portion or shell,
This difference should not exceed 2 percent,

6+3. Determination of moisture content

floisture content of the lumber should be determined before machining
operations are performed. Determinations should be made both for average
moisture content and for uniformity between boards.

Moisture content determinations will normally have bLeen made in connestion
with the kiln-drying operation. It is desirsble t o make moisture content
determinations for each kiln charge of lumber. At least 10 such samples:
should be teken from each 5,000 board feet of lumber, Samples should be
selected et random from various points in the kiln truck,
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Immediately prior to laminating, & resistance-type moisture meter
may be used for spot-checking the moisture content of surfaced stocks Con-
stant use of this instrument is strongly recommended to avoid inclusion of wet
or extremely dry lumber in a lamineted member. Electrical moisture meters,
however, do not read below 7 percent moisture content so that they ere not
usable in measuring the moisture content of extremely dry lumber.

6e4s. Selection for grain in stock used for leminating

It has been shown in section 2,2 that flat or plain-sawed lumber will
shrink more across the width of the board than will quarter-sawed lumber (ll,
pp. 193-198), For example, & flat-sawed boerd of white oek 12 inches wide
having 6 percent moisture content will expand approximately 3/@ inch when
soaked to saturation, while & quarter-sawed board treated similarly will expand
about 1/2 inch., This possible difference in amount of expansion can produee a
severe stress on the glue line in & laminated member with changes in moisture
content and can be minimized by reasonable care in the selection of lumber for
leginations. At some stage in the preparation of the stock, therefore, the
lumber should be segregated into two groups. All quarter-sawed stock, ineclud-
ing all boards in which the annual rings run at en angle of more than 45° from
the wide face of the board, should be put in one group. Plain-sawed lumber,
having annual rings parallel or within 45° to the wide face of the board,
should be placed in the second group. Boards containing both quarter-sewed
and plain-sawed grain should be classified according to their predominant
grain., These groups should be kept segregated in all subsequent operations
end the two classes of stock should not be mixed in any single laminated as-
sembly. This sorting can be done at any time prior to final surfacing, if
stock of full length and width is used, but should be done prior to &dpalglu~’
ing end-searfing if these operations ere necessary. It will usually be con-
venient to sort as the stock leaves the rough planer,

6.5. Cutbing end ripning of lamineted stock

The use of a rough planer is essential a&s a first step in the
machining of lumber for laminating. This operation will help to disclose
neturel and seasoning defects and, in the long run, will conserve time and
material by eliminating unsuiteble stock in the beginning. Rough planing is
also desirable to reduce stock to reasonably uniform thickness. This is ad-
ventageous for accurate work in later ripping, edge-gluing, scarf-gluing, and
surfacing operations, In order to keep in balance any seasoning stresses that
may be in the lumber, the rough planing should remove an equal light cut from
each faces A double surfacer will usually do the most effective work.

The sequence of operations in eross cutting and ripping to eliminate
defects and reduce stock to desired lengths will be determined by the leyout
and facilities of the individual plant,

Vhen stock is being ripped for edge gluing, it will be economical
in time and material to select a number of standard widths to which stock may
be ripped., For exanple, assume that stock is being prepared for a member 8
inches wide, The proportion of 8=inoh stosck would be small, especially if
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prodused from hardwoods. The narrowest piece that is vractical for edge glu-
ing may be 1-1/2 inches. If the additional ripping width are 2, 2-1/@, 3, 4,
5, and 6 inches, threre then will be numerous combinations of widths which,
when edge glued, will produce the desired widths, These combinations are 6-2;
5=3; 4-d.; 1=1/2 = § - 1-1/2; 2-4-2; 2-1/2 - 3 - 2-1/2; 1-1/2 - 4 - 2-1/2.
With such a variety of combinations possible, maximum utility of lumber can
be accomplished., Furthermore this permits the cutting back of long strips to
remove defects, and reducing them to other usable lergths 4 feet and longer,
whioh, when edge glued and end scarfed, can become part of a laminated member,

Before proceeding with the manufacture of the material for laminat-
ing, cereful plannirg is necessary., Some parts will be such that they will
require all one-piece stock. Some parts will require lumber to be all of one
standard length that een be obteined from the average run of the lumber for
width and length, Some parts will require & clear section within a length. .
If a1l these factors are thoroughly studied before proceeding much meterial
can be saved. Softwood lumber is usually available in longer and wider
dimensions than are hardwoods in the grades used for leminating ship timbers,
requiring less edge and scarf-joint gluing,.

?

6.6+ Treparation of edge and scarf joints

In preparing lumber for edge gluing, properly planed or sawed joints
mey be used. Successful gluing of sawed edges of lumber recuires that the
ripsaw be in first-class condition, the chain-ways true, and the saw round
and jointed, A disadvantage to the use of edge jointers for this purpose is
the difficulty of securing a perfectly straight edge for the full length of
long strips.’ The use of a cutterhead, either in jointer or molder, moreover,
involves a loss of material greater than the loss when joints are sawed.
Either a planed or sawed edge should be square.

Preparation of scarf joints

Lumber to be used in laminating is scarf-jointed primarily to ob-
tain full length laminations and for the purpos& of securing better utiliza-
tion of rew materiel and for building into the assembly certain required
qualities of grade. The full advantages from the use of scarf joints can be
secured only if scarfs are prepared and glued in advance of final surfacing.
This procedure mekes it possible to plan in advance of the laminating operation
the location of defects in relation to curves in bent members. Likewise it
gives opportunity to match the grain end the location of edge joints in ad-
jecent boards, minimizing the development of stresses in the final product.
Assembly time for the final gluing operation ocan thereby alsc be materially
shortened. Advance scarfing with subsequent final surfecing, moreover, helps
to insure uniferm thickness of stock for the full length of each lamination
and prevents open joints which are certain to develop adjacent to butt joints
in bent assemblies, l/hen laminations are in one niece, the entire job of
laying up the final assembly is greatly speeded.

There are several methods of making scarf joints, Common types are
plain scarf, finger scarf, and serrated scarf. All of these require & rela-
tively long slope to develop maximum tensile strength in the joint. A

IHdmeo..No.R1437 18«




well-glued, plain~scarf joint in oak, for example, might require a slope of
1:15 to produce such strength, while in Douglas-fir and yellow pine a slope

of 1:12 would he equally efficient., Steep slopes have the advantege that they
result in less waste but they are also weaker and may contribute little or
nothing to the final strength of the laminated member. There is also the

risk that they will break when long leminations are handled in assembling

and in bending to curved form. Scarf joints introduce an added stiffness to
the board at the scarf area increasing somewhat the difficulty of drawing such
areas of the lamination into bent members.

Plaein scarfs can be produced by tilting-head saws, single-end ten-
noners, shapers, planers, or other methods depending on the ingenuity of the
febricators There is no fast scarfing machine on the marlet today that de-
velops high production,

Plain scarfs and serrated-scarf joints should be cut so that the
sloped surface of both ends of the board are in parallel planes, This will
permit successive boards to be fitted together as they come from the machine
without being turned over, end will also permit oross cutting any boerd and
Pringing the scarfed ends together without turning over either piece.

6.7+ Lesawing and surfacing

Before scarfed lumber is resawed or surfaced, it is necessary to
renove any surplus glue from the surfaces of the soarfs in order to provide
the reasonably smooth face essential for accurate final machining. Unless
this glue is removed, skips in dressing and other irregularities in surfac-
ing wtll fesult,

The operation of resawing to thinner material, especially in stock
over 6 inches in width, will induce some degree of cupping if there is any
casehardening in the lumber. It is well to proeceed with the finel surfecing
as soon after resawing as possible in order to equalize these stresses. This
can be done by taking the heaviest cut from the outer surface with the resawed
side down in the planer, Cup in the boards after final surfacing prior to
assembly should not exceed }/32 inch for each inch in width for boards under
1/2 inch in thickness and 1/64 inch for boards over 1/2 inch in thickness.

If cupping exceeds this in the finished lamination, the stoek should be bulk
plled and allowed to equalize. Badly cupped stock is difficult to spresad
with glue and prevents the application of uniform pressure to the glue line.
Poor bonding is likely to result, '

The surfacing of the stock preparatory to essembly is one of the
most important operations the fabricator of laminated timbers is called on to
performs The final product may be good or bad depending on the accuracy and
care with which this part of the work is donee.

All finish surfacing can best be done on a double cabinet surfacer
with ballbearing cutterheads, and the final surfacing should be & ecompara=
tively light cut, not more than 1/16 inch maximum from each face, Lnives
should be kept well sharpencd to nrevent comvressed fiber due to dull knives,
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liatchers and molders cannot hold the accuracy of adjustment neces-
sary for the proper surfacing of stock and should not be used. It is neces-
sary to hold the variation in thickness between the two surfaces and throughout
the entire length and width of each individual lamination to within 0.0l inch.
The recommended rates of feed are from 30 to 60 feet per minute with from 20
to 30 kmife cuts per inch, The rate of feed will be governed largely by the
number of Inives cutting. The surfacing job should be of such quality that
revolution marks are hardly perceptible.

The use of single surfacers for this type of surfaeing is not recom-
mended because of the greater difficulty in maintaining uniform pressures
against the bed, partiocularly with stock having a slight tendency tq cups

During the surfacing operation, stock should be frequently geged
with a slip-on thickness gage on both edges throughout the length of the piece.
These gapges are inexpensive and should be not less than 5/4 ineh in width to
prevent rocking., Narrow gares will not give the desired degree of accuracy s
The fit on the stock should be an easy sliding fit and should be just tight
enough so thet no side or rocking motion is perceptitvle,

Clipping at the ends of the board usually indicates improper adjust-~

ment of pressure bars, knives ground below the normal cutting circle of the
head, or improper setting of the feed rolls.

7«0s LAYOUT OF ASSEMBLY FOR LAITHATING

7.1, location of scarf end edge joints

Well=glued, scarf joints in lumber do not develop maximum strength
except with long slopes. The more abrupt the slope, the wsaker the joint.
S8ince existing ship timber specifications permit scarfs as steep as 1 in 4,
the locetion of the scarfs must be controlled to produce lemineted members
. adequate in strength and durability. In a laminated assembly, scarf joints
should be staggered in adjeacent leminations to the maximum practical distance.
In general, it may be practical to consider that spacing between scarf joints
in any group of three consecutive leminations, measured center to center hori-
zontally, should be not less than 24 times the thickness of the stock. A safe
rule-of-thumb for arrangement of scarf joints is to permit, in any group of
three consecutive laminations, no joints ¢loser than 12 jinches center to
center if laminae are 1/2 inch or less in thickness nor closer than 18 inches
in stock l/? inch %o 1 inch thick. Scarf joints in boat keels should slope
downward toward the stern. Since such timbers will be variously machined in
ship yards, all scarf joints, including those in the center of the member,
should slope uniformly in one direction.

Edge joints, properly made, do not in themselves materially reduce
the strength of stock used for laminating. Coincidence of edge joints in
adjacent leminme, however, increases the possibility of vertical cleavage if
any imperfect joints are present. ‘hen the laminations are laid up, thenefore,
sueh*joints should be offset as much as possible, never by less than the thick-
ness of the lamination, This practice will be made easier, when edge-glued
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boards are scarf jointed for length, if edge joints are arranged to form =
continuous line the full length of the lemination, Alternation of edge-glued
and solid boards in successive laminations is good procedure.

742+ Thickness of laminations

In any curved laminated timber, the radius of curvature of the inner
or conceve face will be shorter than the radius of the outer lamination. In
thick bent assemblies this difference may be econsiderable end may make neces-
sary the use of thinner stock for the immer portion of the timber.

The minimum redius to which dry, straight-grained, olear lumber can
be bent without breaking is approximately 40 to 60 times its thickness, vary-
ing with the species of wood. In general, hardwoods bend to somewhat shorter
radii than do softwoods for the same thickness. In laminating high-strength
bent timbers from boards, however, it is recommended that the laminations be
bent to a radius not less then 1.6 times the breaking radius,

‘Table 1 shows the minimum bending redii recommended for different
thicknesses of lamination when gluing high-strength laminated timbers,

Table 1

Thiékness of lamination : Recommended minimum radius

s of curvature
.:E.l.?.}}. B ; | Inches |
1/4 : 18
5/16 : 24
3/8 : 30
17/16 : : 36
1/2 1 43
5/8 : 58

3/4 : 73
79

[
A

R
(@]

In order to obtain maximum utility of stock or to fabricate a lami-
unated timber to exsct dimension, it may sometimes be desireble to use more than
‘one thickness of stock even in flat assemblies. Arrangement of the different
thicknesses will be governed largely by the end use to which the timber will
be put and by the character of machining operations to be performed upon it.
The thinner leminations ordinarily would be placed in the position entailing
the least subsequent face machining.

In determining the gllowable thickness of stock for curved timbers
no distinction need be made between solid and searf-jointed lumber, provided

only that the scarf joints are strong enough to withstand the stress of bend-
ing.
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7e3. Setting jigs or forms

Patterns to be used far curved lamineted agsemblies should be of a
rigid type that will not bend or become deformed with use or with a change
in moisture oconditions. '

Arrangement of adjustable "arms" on the bed in oclamping jigs necesw
sarily must be such that boards will follow the line of the pattern when
clamped to the jig. Any irregularity in the aligmment of the jig erms or
any departure of the arms firom the line of the pattern will be imparted to
the laminated member, Jigs, therefore, must be designed to prevent movement
or twisting of the arms while stock is being bent and pressure applied. In
setting up jigs to be used for bending curved assemblies, it will usually be
advisable to carry the line of the ourve well beyond the net length of the
finished timber. Failure to set at least one arm on the bed of the jig be-
yond this length is a frequent csuse of distortion in the finished timber,
This praaotice is particularly desirable in patterns having a short curve line
near the end of the assembly.

Ingsetting adjustable jigs for curved laminated assemblies that pers
mit little tolerence in the shape of the finished produst, it is necessary
to edd the thickness of the caul to the width of the pattern on the jig side,

" Otherwise, the radius of the finished timber will be in error by the thicke

ness of the caul,

Spacing between jig arms may be wvaried with the degree of curvaturs,
In Tlet essemblies, a spacing of 4 feet is not excessive if the ocauls mnd
stock are heavy enough to prevent sagging or bending of the package during
the ouring process, In curved timbers, the spacing of jig arms must be dee
creased as the bending redius is shortened. Lequired spacing may be as close
as 9 inches on sharp bends of 30-inoh radius or less. Proper spacing can best
be Jjudged by observing the fit of the pattern and the behavior of the lamina=-
tions as they are clamped into position.

Bending curved assembliecs may be done over either male or female
forms. In beavy essemblies, the female type of jig will have considerable
advantege in permitting the bending of laminations to the form one at a time.
By pressing one end against a head block, the board can be bent and forced
into the curve, and then temporarily held in position by nailing or fastening
at the other end, Vhen clamping is begun, (drawing the assembly into the
desired form end applying retaining elamps to provide gluing pressure) the
fastened or nailed end must be released to permit slippage of the leminations,
Vhen the male type of form is used, the entire assembly is usually bent as a
single unit, Choice-of bending forms, therefore, will be governsd largely by
the type of timber to be laminated,

7.4. Spring back tolerance ’

A constant problem in forming curved timbers by laminating is the
prevention of “spring back" when the assembly is removed from the bending jig,
Tlhen the assembly can be cured in rlaceg. in the jig itself, appreciable
spring beck does not develop, Under other sonditions specisl precautions
ere necessary to prevent it,

Mimeo (No,R1437 22w




A partial cure or precure in the jig, sufficient to set the glue so
that it will withstend internal stresses, will permit removal from the clemped
essembly without appreciable spring beck.

In assemblies having abrupt curves near the end of the pattern, it
may be necessary to add enough length to the stock so that pressure may be
applied well beyond the pattern on a tangent to the curve. If the work is
moved before curing it is adviseble to use cradles or slings that will sup-
port the load at several points and to lay the assembly on its side so that
the weight of the stock and clamps will not change the ourvature,

8.0, LAITINATILG P OCEDURE

The procedure described in this manual is for producing laminated
timbers in which the glue joints will be strong and durable even when used
for structural parts of ships and barges or for outdoor exposure. According
to present knowledge, such durability will be furnished most satisfactorily
by* the use of phenolic-type glues, The laminating procedure desoribed in the
following pages relates particularly to the use of low-temperature-setting
rhenolic~type glues.

B8s.le FPreparing the glue

Lowetemperature phenoliceresin gluas are furnished in liquid form
and are preferably kept in coel storage to provide a practical period of use-
ful life. The glue manufacturer marks on each shipment the veriod of time
that the glue can be satisfactorily held in storage and also the recommended
storage temperature. The glue should not be permitted to become heated above
the recommended storage temperature for an appreciable length of time; other-
wise some curing action results and the glue may become thickened to such an
extent that it camnot be properly mixed and spread on the lumber to be glued.
Such periods of heating may occur in transit from the glue manufacturer to the
purchaser, or even at the fabricator's plant, and each such exposure will de-
crease the period of time during which the glue is satisfactory for use,
Slight thickening of the glue in storage may be reduced in some low-temperature
phenolic-resin glués by the addition of a small amount of alcohol, and thus
permit satisfectory use of the glue without decreasing the quality of the
glue joints. However, the approval and specific directions of the manufac-
turer of the glue should be followed in adopting this procedure,

Low-temperature vhenolic-resin glues may also be affected by freeze
ing tenperatures (32°F, end less). At such low temperatures some ingredients
may settle out of the glue and be difficult to remix, espécially in barrel
lots. Transit and storage conditions that avoid 32°F. and lesc are recommended.

llanufacturers of low-temperature phenocliceresin glues furnish e
catalyst (powder or liquid, and sometimes an edded filler) that is to be
mixed with the liquid glue just before using, The ecatalyst, the instructions
for the emount to be added, and the manner of mixing may be different for
each glue and are furnished by the glue manufacturer. No other extenders,
fillers, or other materials should be added to the glue ingredients or mix-
ture
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Then mixing the glue, it is usually measured and weighed in steel
or galvanized metal containers. ' The chemjcal reaction thaet brings about the
setting or cure of the glue when the catalyst is mixed with it and when the
heating treatments are applied may be seriously affected if chemicals from
other glues, or from other sources, or if 0118, greases, and the like are
allowed to contaminate the equipment. It is essential that glue measuring,
mixing, end spreading equipment be kept thoroughly clean to avoid damage to
the glue.

8s2. Gluing edge joints

N The glue used in edge gluing boards to produce full width leamina-
tions should develop as great glue joint strength end durability as the glue
used in laminating the timber. The edges to be glued should be prepared as
previously discussed (par. 6:6). The glue may be spread on the edges with a
single roll spreadsr using s normal glue spresad.

Various types of clamping equipment may be used for edge gluing of
jointed stock. The conventional wheel or tractor type of clamp carrier is
satisfactory for use provided the stock is held under pressure for initial
cure of the glue long enough to permit handling the edge-glued stock upon re-
moval from the carrier without demeging the glue joints. The carrier should
be elighed to assure straight glued edges. This type of clamp can be enclosed
and heated, and thus speed up the initial curing of the glue. Vhen using 4/8-
inch lumber, low~-temperature phenolic-resin glue used for edge gluing can be
cured sufficiently in 4 hours in this type of clamp carrier if a temperature
of 150°0 1609F, is maintained in the stocks. Clemping edge-glued stock cen
also be accomplished with piling clamps, which permit the assembly of such
stock on trucks and moving into heated chembers for initial curing. Lowe
temperature phenolic-resin glues curs too slowly at room temperature to
develop sufficiemt strength within a few hours to pernit handling the stock.
The use of heated chambers for this initial cuwring is recommended.

In assembling edge-glued joints it is important to provide suffi-
cient gluing pressure along the entire glue line. Best distribution of pres=-
sure is obtained if the wider boards are placed on the outside, next to the
clamps, and if the narrower strips are placed inside the pack, and if clamps
can be spaced at as much as 18 inches when the outside boards are not less
than 4 inches wide. Edge-glued stock should be allowed to stand for 24 hours
after curing in clamps before surfacing for scarf jointing or laminating.

Sufficient initial cure of the glue in this precess should be ob=~
tained to permit handling of the stock without damage to the glue line, end
the full cure of the glue will be develoned later when the laminated beam is
cured.

Tightening of clemps should begin at the center of the package and
proceed toward sach end,

8434 Gluing scarf joints

Where searf jointing is necessary, it will normally follow the edge-
gluing operation. Where permaenent scarf joint strength will be required in
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the laminated member, the glue used for scarf jointing also should be as
strong and durable as that used for leminating the timber, and should be ap-
plied to both faces of the scarf. The initial cure of the joint should de-
velop enough strength to permit handling the laminations and bending them to
the reguired curveture without demage to the soarf joint. Full cure of the
Jjoint will be developed when the laminated timber is cured.

The scarf joint is most satisfactorily glued under the combined
application of heat and pressure. Several methods of heating may be possible.
Tiith the development of phenolic-resin (or equal quality) glues that can be
cured rapidly at low temperatures, the use of hot plates applied under pres-
sure to both outside faces of the scarf joint area of the lamination to pro-
duce sufficient initial cure may be possible.

The boards, at the time of gluing the scarf joints, must be in a |
plane and aligned to a straight guide. Assembling boards on edge for scarf |
Jjointing should produce laminations that are satisfactorily straight. Table
supports with dowels in the top to hold the boards in vertical position have

also given satisfactory results. Some gripping device to avoid end and side
slippage et the scarf joint is desirable. The use of the serrated scarf makes

the lining up of the scarfed areas easier and avoids side slippage. It also

offers an adventage in the final surfacing of the lamination since it shows

as a serrated line on the surface of the board and results in less chipping

or tearing of the grain.

The practice of gluing scarf joints at the time of laminating, by
placing the unglued scarfed boards into the assembly, does not insure accurate
fit in the scarf or sufficient pressure at the glue line of the scarf to pro-
duce & strong glue joint. It also fails to bend the ends of the laminations
to the curvature desired and increases the assembly time in laminating a long
timber. It is importent, therefore, that scarf-joint gluing be performed as
& separate operation prior to laminating,

8e4s Gluing leminated assemblies

lluch of the success in fabricating satisfactory leminated timbers
depends on following proper procedure when gluing the assembly, particularly
with reference to spreading the glue, plecing the leminations into proper
position, and applying adequate pressure uniformly and quickly to avoid
initial setting of the glue before anplication of the pressure is completed.

) In the normal laminating procedure, the lemination has been edge
glued (if edge gluing is necessary), followed by scarf jointing (if necessary)
and then has been finish surfaced justepriew tovgluilng. .

The glus to be used for laminating should be a lowe-temperature
phenol, meeting the requirements of Bureau of Ships Specification No. 52-G~12
(Glue, phenol-formaldehyde, low-temperature setting) or equal, Not all low-
temperature setting phenol-formaldehyde glues will produce suitable glue
Jjoints for laminated ship timbers, and a list of acceptable pglues for the
leminating should be furnished by the purchaser with the order.
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Then only a small amount of glue is needed, some low-temperature
.phenolic-resin glues may be mixed by hand, A mechanical glue mixer is, how-
ever, preferable. A suitable paddle speed for such a mixer is about 60 i
revolutions per minute. ngher paddle speeds have a tendency to develop foam
i the glue.

A variable-speed mixer is advantageous, since slow stirring will
avoid loss of powdered catalyst when first stirred into the liquid glue.
ihen the powder is completely submerged in the glue, a shift to the higher
speed of about 60 rapims.wild more quickly produce a homogeneous mixture.

A total mixing time of 3 to 10 minutes is usually sufficient for low-
temperature phenolic-resin glues, which are then ready for spreading, 4

The mixed glue should be applied to the laminations by spreading on
each face of each laminetion one-half of the glue required (except outer
faces of outer laminations). This can be most satisfactorily done with a
double~roll spreader in which the rolls are rubber covéred and grooved and
are fitted with "doctor" rolls to control the glue spread. . Spreading glue on
each face is'desirable since it insures wetting of all the wood surface to be
glued.

-At the time of spreading glue, the lumber should preferably be at a
temperature of 70°to 80°F., and should not be colder than 50°F. It should not
be warmer than 100°F,, to avoid too rapid initial curing of the glue before
clamping can be finished. Usuelly 25 to 30 pounds of liquid mix low-
temperature phenolic-resin glue per 1,000 scuare feet of joint area should be
applied to each face of each lamination and some glue squeeze~-out should take
place during clamping. The glue spread can be determined by weighing a sec=-
tion of board of the same thickness as that being used for laminating before
and after passing through the glue spreader.  Dividing the weight of the glue
added by the surface area covered will give the amount of glue spread per
unit area,

The glue spreed for each face can be determined by passing two sec~
tions of thin boards, whose combined thickness is equal to that of the lamina-
tions being used, through the glue spreader together and measuring the glue
spread separately on each,

The mixed glue will have a longer working life if it is kept cool
until spread on the wood. This is desirable if spreading is done in a room
in which the temperature is above 80°F., and can be done by water jacketing
or refrigeration, to a temperature of less than 70°F,, but not less than 40°F,
After spreading, the temperature of the glue will become the same as that of
the lumber,

A% room temperature the mixed glue may develop initial set in the
spreader, both in operation and while standing idle, to the point where clean-
ing the glue from the spreader becomes_difficult. Spreaders with glue on the
rotls should not be left idle for more than 5 to 10 minubes at a time and in
use should freguently be washed out and refilled with fresh glue. Vhen used
continuously, washing at 2~hour intervals may be satisfactory. In intermit-
tent operation that includes idle periods more frequent washing is necessarye.
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If mixed glue is left in the spreader umused for several hours, it
will cure to such an extent that it cannot be removed by vashing with water.
Low-temperature phenoliceresin glue can generally best be cleaned from &
spreader by using cold or lukewarm water. The use of hot water or steam will
develop cure of the glue before it can be washed off, Some low-temperature
phenolic~resin glues are in an elcohol solution. Cleaning the glue spreader
can then be more satisfactorily accomplished by adding alcohol to the water
used for washing. In melamine glues, the addition of acetic acid to the wash-
ing water facilitates removing the glue.

The period of time between spreading glue on the first lamination
and completing the clamping for gluing pressure is called "assembly" time.
Assembly must be completed before the glue has developed an initiel set, which
is the result both of chemical reaction and of loss of moisture to the wood.
The permissible assembly time will vary with each glue used, and will become
less as the temperature at the glue line is increased. If the spread lamina=-
tions are exposed to the atmosphere, water will evaporate from the glue surface
and the allowable assembly time is reduced. Placing the spread laminations
promptly together so that the glue surfaces are not exposed to the atmosphere
(qlosed assembly) reduces the evaporation and permits & longer assembly time.
Information on the permissible open and closed assembly times should be
furnished by the glue manufacturers :

8.5, Gluing pressure and clamping procedure

In both bent and flat members, it is essential that adequate gluing
pressure be provided over the entire area of the glue line., In gluing oak,
comparatively high pressures are required. An average gluing pressure of
150 pounds per square inch of glue area is desirable and local pressures up
to 300 pounds per scuare inech ere not harmful to the glue joint, At no point
should the pressure bae less than 100 pounds per square inch, Softwoods can
be satisfactorily glued with average vressures of 150 pounds per squere inch
and local pressures up to 200 pounds per square inch are not harmful,

The retaining clamps generally used on laminated work apply pressure
by drawing up a nut on a threaded bolt. Torque wrenches can be used to
measure the load applied to the nuts and the total pressure applied to the
head can be galculated by formule provided that the threads are kept clean
and lubricated (19, p. 73}, Retaining-clamp bolts may be furnished with V'

“threads or with square cut threads., The scuare cut threads will meintain a
more uniform thread face in use than V threads and are preferred, especially
when the pressure is determined by the use of torque wrenches. An equalizing-
head retaining olamp serves to apply the pressure more uniformly over the
width of the assembly than a clamp with solid cross barss

It is usually not practical to place retaining cleamps direetly on
the laminations so close together that they will distribute suitable gluing
pressure directly to all parts of the glue line, and cauls ere used between
the leminated assembly and the retaining clamps to cerry the pressure over
the area between clamps. These sauls may be wood or metal and are placed on
both sides of the work, Thick cauls, such as 2-inch wood planks are commonly
used on flat laminated work and will permit spacing the olamps as much as 15
inches apart, while the use of 3/@ inch cauls will permit a olamp spaeing of
not more than 9 inches. In gluing bent laminated timbers, thick wood cauls
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cannot readily be used and sometimes the cauls omnnot be any thicker than the
leminations being glued. Then closer clamp spacing is desirable. A space
not greater than 4 inches between clamps is recommended when the caul is

3/8 inch thick.

then laminations ere glued in a bent assembly, it is necessary to
apply pressure that will draw the laminations snugly into position. This
process cannot be considered as applyiﬁg full pressure on the glue line. It
is advisable to use draw-up clamps to establish the bent form, and retaining
clamps to furnish pressure on the glue lines. In drawing an assembly of
laminations into bent form, the leminations must be permitted to slip over
each other to permit wood~to=wood contact at all glue linerareas. This can
be aocowbllshed by drawing the assembly snugly to the form at some central
p01nt in the curve, and drawing other positions of the assembly approximately,
but not tightly, to form, end then on each side of the clamped central point
progressively applying retalnlng clemps toward each end, drawing each draw-up
clamp tlghtly to the form as the application of reteaining clamps reaches that
point, This procedure enables the bent laminations to slip endwise where |
necessary. to produce & tight joint (fig. 21).

wilh some glues, clemping pressures fall off soon after assembly and

it is redommended that the pressures be rechecked about 30 to 45 minutes after
the first clamping,

9.0, CURING OF LANTHATED ACSEIRBLIES

9.1, Time-tempersture requirement for curing low-temperature phenolic glue

Low~temperature phenolic glues are sometimes described es "cold-
setting", or more frequently, "low~temperature setting", indiecating that such
glues might cure at room temperature., Vhile it is true that these glues #ill
develop eppreciable strength and cure at room tenperatures, it has been found
that at these temperatures the glue doas not become completely cured. When
the glued timbers are used in the construction of boats, where they are ex-
posed to soaking in"fresh and in salt water, or when they are exposed to the
weather, the glue cured’ at room temperature is not sufficiently water resis«
tant to prevent delamination, With one glue, for example, white ocak glued
beams , cured under pressure for 20 hours in a room heated at 110°F. and later
exnosed to soaking and drying, developed complete delamination. Similar
beems cured at 160°F, for over 20 hours, likewise deleaminated, even though
the glue joints soon after curing showed high shearing strengths. Curing
this type of phenolic glue at higher temperatires develops some incresse in
strength and substantial increase in resistance o water and weather exposures
Yhen cured at a temperature of about 190°F, to 200°F, for 10 hours, some of
these glues are cured sufficiently so that well-glued timbers of white oak
can be repeatedly soaked in salt water and dried without delamination. Glued
Dougles-fir timbers, however, were cured sufficiently in 10 hours at 160°F,
(measured at the center glue line) to resist delamination on exposure to re-
peated soeking and drying.

Further experiments in curing laminated white oak beams at 190°F,
showed that highly deid~ocatalyzed low~temperature phenols with a film pH of .
15 wea.kened the wood adjacent to the glue line, resulting, wnder soaking and
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drying emposure, in low shearing strength and eventusl delamination with a
thin leayer of wood failure. This effect was also observed when gluing
Douglas-fir with the same adhesive cured at 160°F, Such delamination is Just
as detrimental as in the glue line itself.’

The minimum temperature and minimum time requirements for setisfactory
curing will vary with glues and species of wood. These requirements should be
included as & part of the information in the list of acceptable glues fur-
nished by the purchaser with the order for the laminated timbers. At present,
however, when gluing white oak, the minimum réquirement appears to be 190°F,
at the glue line maintained for 10 hours, end, when gluing Douglas-fir, 160°F,
at the glue line maintained for 10 hours, for the low«temperature phenolic
glue in approved use. This requires that the clamped assembly be heated until
all portions of the glue line have reached such & minimum temperature, which
is designated (T), then be held at or above that temperature for at least 10
hours. Extension of the curing period beyond the 10-hour minimum requirement
will not be detrimental to the glue bond but such extension should not be
carried to a point where it will seriocusly affect the strength of the wood,
There are several methods of heating but. the most satisfactory to date is to
place the assembly under clamped pressure in a curing chamber thet can be
héated to and maintained at a temperature @pproximately 20°F. or more above
the required glue line temperature (T). However, curing chamber tempsratures
above 215°F, are not recommended.

942+ Transfer of heat in laminated assemblies

The rate at which heat will be transferred to the center of a lami-
nated assembly .varies somewhat with the species and moisture conbtent of the
wood, end a great deal with the dimensions of the assembly. The graphs in
figures 9 to 20 slhiow the rate at which such timbers of white oak and
Douglas-fir in cauls and clemps heat in curing chambers maintained at the
temperatures indicated. Heating periods required for other sizes can be
caloulated by the use of formulas (13). '

The total period of curing can be divided into three parts:=

(a) lleating the assembly to bring all glue lines to the minimum
temperature (T) recuired for curing the glue.

(b) limintaining temperature (T) or higher for 10 hours at all
glue lines.

(¢) Cooling the laminated essembly, The length of time that the
glue line areas are at or above temperature (T, during
this period may be considered as a part of the l0-hour
requirement given in (%), .

While the outer area of an ordinery size of laminated ship timber
assembly may be expected to heat rapidly along with the atmosphere of the
curing chamber, a period of hours is required before the glue line at the
center of the assembly will reach the temperature (T) required to cure the
glue. Then cooling, however, the outer area cools first and & period of hours
egein elapses during which the center remains at or above the temperature (T).
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9,3. Relative humidity requirements for curing chember

Yhen wood is heated to 210°F. without humidity control for a number
of hours, comsidersble drying of the wood tekes nlace resulting in shrinkage
on the outside of the assembly. This will result in opening the edges of the
glue joints before the glue is cured, or in checking of the wood, Drying
will be avoided if a high relative humidity is provided and maintained in the
curing chamber. Under these conditions the glue joints will remain tight and
the wood will not check. It is desirable to maintain a relative humidity that
meets the equilibrium moisture content value of the wood in the laminated as-
sembly., Figure 6 indicates, for example, that to meintain a moisture content
of 1@ to 12 percent & relative humidity of 80 to 85 percent is required., At
e curing chember temperature of 210°F., such & relative humidity requires a
wet=-bulb temperature of 199° to 202°F,

Humidity refers to the amount of moisture vapor in the atmosphere.
Absolute humidity is expressed in terms of the weight of water vepor per unit
volume of air. For example, at ordinary factory conditions the emount of
moisture in %he air may smount to 5 grains of water vapor per cubic foot.
Relative humidity is the ratio between the amount of moisture present and the
amount of moisture reguired to saturate the atmosphere at the seme tempera-
ture. For example, if a factory operating at a temperature of 70°F. contains
5 grains of water vapor per cubic foot, its relative hamidity is 61 percent
since the atmosphere at 70°F, will contain 8 grains of water vepor when
saturated (100 percent relstive humidity). The moisture holding capacity of"
the atmosphere is grestly increased with increcse in temperature (approxi-
mately doubled for each 20° rise in temperature). At 210%F, the capacity of
the atmosphere rises to 255 grains per cubic foot, and a relative humidity of
80 percent recuires about 210 grains per cubie foot. It is obvious that in
order to provide sufficient humidity in a curing chamber to avoid drying of -
the glued assembly, it becomes necessary to add considerable water wvapor to
the atmosphere. This is most conveniently done by admitting live steem (jet
or spray) into the chamber. A highly insuleted and vapor tight chamber is
recommended for this use.

9¢4s Curing chamber[operation

The curing chamber may use the principles of operation of the modern
lumber dry kiln, in which heat is provided by steam-heated coils, humidity is
provided by steam jets or sprays, and circulation of air is provided by
mechanically operated fans., Temperature may be controlled by s thermostat
operating on the heating coil, and relative humidity may be controlled by a
wot-bulb thermostat operating on the steam spray line. It is possible %o
secure required control by hand-velve operation but the use of recording-
controller instruments for both temperature and relative humidity is preferred.

Heated curing of the clamped laminated assembly glued with a low-
tenperature phenol should bepgin within 7 days after gluing, and during that
time the assembly should be held in clamps at a temverature of not less than
40°F, When the assembly has been placed in the curing chamber and the heat-
ing process begins, it is desirable 4o heat the chamber at a rate that will
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require 2 to 3 hours to reach 210°F, This will ordinarily recuire the use of
all heating coils available, The steam-spray supnly should be throttled to
avoid building up the humidity to the point where condensation will appear on
the glued timber but the humidity may be raised as fast as this limitation
will permit. FRapid circulation of air in the curing chamber is helpful in
bringing about uniformity of curing conditions.

thile recorder-controllers are useful in controlling the temperature
and relative humidity in the curing chamber, they do not record the tempera-
ture inside the laminated.timber. Thermocouples, however, may be placed at
any desired points in the glue lines while laying the assembly, and the tempera-
ture in the timber at these points can be read at eny time during the curing

v operation by means of & potentiometer (electricel thermometer). ihile curves
shown in figures 9 to 20 indicate the temperature readings to be expected in
the center of laminated assemblies during curing, they are subject to change
whenever heating conditions in the chember are varied, and often some correc-
tion must be made. The use of a potentiometer to check the interior tempera-
tures during curing is recommended, particularly when laminating the first few
timbers of any size or shape,
¥

After the curing by heating of the timber has been completed, it is
necessary to cool the timber to room temperature without appreg¢iable drying,
to avoid surface checking, Ordinarily, cooling is accomplished by shutting
off the steam supply to the heating coils and to the steam spray. Water vapor
will escape during the cooling period, however, usually so rapidly that the
relative humidity becomes'booclow-end: d¥ying and checking of the surface of
the wood take place. It is important, therefore, to control the relative
humidity during the entire cooling period. If this is attempted by admitting
some steam spray into the chember, heat also is admitted and cooling is re-
tarded. A satisfactory method of rapid cooling is to inject a fine water
spray or mist into the circulating air in the curing chamber during the cool-
ing period. This introduction of water spray or mist, however, should not be
permitted to wet the glued timber. Laminated timbers may be cooled satisfac-
torily from 210° to 100°F, as rapidly as at the rate of 1 hour per ineh width
of timber,

Cooling preferably should be carried to & tempersture within 25°F,
of room temperature before removing the timber from the chamber.

945+ Thermal expansion

In the process of curing in the heated chamber, both the metal re-~
taining clamps end the wood will increase in dimension due to thermal expan-
sions The coefficients of expansion for steel and wood are pgiven as follows:

Thermal expansion of steel - 0,000006 per °F. {liarks! lechanieal
Eng. Handbook),

Thermel expansion of oak across fiber - 0.,000030 per °F, (i/ood
Handbook - p. 43) (11).

MimeosNoR1437 w3l




The thermal expansion for oak lumber is approximately five times
that of steel. Thus, in heating the clamped assembly, the total thermal eX-
pansion of the wood (without change in moisture content) will be greater then
that of the steel retaining clamps, and crushing of the cauls under the olamp
heads results. The greater expansion of the wood will result in increased.
pressure on the glue line, but in the early stages of heating the clamps will
heat faster than the wood assembly and there may be danger of reducing the
pressure if the curing chamber is heated too rapidly. This is one reason why
it is preferable to extend the heating period over 2 to 3 hours. Furthe?, the
initial setting of the glue may have taken place before the extre expansion of
the wood develops &n increased pressure, end by that time an increased pres-
sure may no longer be beneficial to the glue line. Upon cooling, the ond
contracts more than the clamps and the clamps will appear loose when ouring
and cooling have been completed: Loose elamps on cured and ccoled assemblies
is not an indication of inadequate pressure during the curing process.

10.0. SHAGE REQUIREMENTS AND ECUIFIGDET HECESSARY FOR LAIITHATING STLAIGHT
' ~AxD CULVED TIIBERS i e ‘ ~
T

10,1, Plant space raguirements

- The amount of floor space recuired for a plent to engage in'the
lamination of straight and curved timbers will depend on three major points:
(a) Facilities for kiln drying, storing of kiln-dried lumber, and machining
of material before laminating; (b) the anticipated daily production; (¢) the:
size and the shape of the laminated material.

Assuming that plants intending to engage in this type of fabrica-
tion already have facilities for drying and storing lumber and have determined
their expected daily outpub, the remaining factor that will determine the
amount of floor space required will be the type of meterial to be manufectured.

If the material to be fabricated is to consist largely of lengths:
longer than those procurable from the standard lengths of lumber, provision
must be mede for the scarfing operation involving the long lengths to be manu-
factured. The reduired space must be long but it can be comparatively narrow.

8ince the operations cf scarfing, gluing of scarfs, and their cur-
ing precede I inal surfecing, it is not essential that these operations be .

done in the same space or department in which the finel assembly is under-
taken,

It is difficult to predetermine the total area required for lami- -
nating because the sizes of leminated timber to be produced and the produc-
tion capacity must govern. As finel assemblies are often heavy and awiweard

to handle, areas containing wide, clear spans and freedom from columns are’
desirsable,

Space should be provided for inspection of lumber and the assembly
to the final package size prior to the spreading of the glue. This will per-

mit the spacing of scarfs end the assembling of the proper number of pieces
for each vackage,
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The ideal inspection and assembly of laminations before gluing may
progress on roller conveyors that permit constant flow of material assembled
in package form ready for spreading.

The space recuired for spreading is slightly more than twice the
length of the longest member to be fabricated. Some saving in space can be
mede by mounting the spreader on casters so that flexibility in assembly is
possible. By tihis method the spreader can be placed at the head end of the
clamp bed or jig, saving some space in depth. If flat material is to be
fabriceted, and provision is made for curing in a separate chamber, it will be
desirable to glue and clamp the assembly on movable trucks or dollies. The
glued material clamped on the movable trucks or dollies is then moved to oute
of-the-way convenient storage and accumulated until a sufficient quantity has
been assembled to charge the curing chamber.,

The space requirement when using fixed clamping beds or jigs is some-
what greater, but such plant layout has advantages if the material is to be
cured on the bed, The beds may be in rows in order that heating facilities can
be/fasily installed and the finished meterial may be easily removed by mechani-
cal means from the clamping beds. The total space recuirement for fixed-bed
type of operation will depend upon the number of fixtures needed for the re-
guired curing cycles and the desired production capacity.,

Separate curing chambers are desirable but on certeain types of large
curved members that are difficult to handle it will be necessary either to pre-
cure or fully cure these members in the jigs in which they are formed, due to
the danger of distortion when moved. The fabricator should antieipate this
condition in laying out his plant facilities, and even though a separate cur-
ing chamber is provided, e certain number of adjustable fixtures should be so
equipoed that the nacirages may, if necessary, be cured in nlace in the jig.

hs the weight of the finished laminated material with the clamps added
may exceed a ton or more, consideration must be given to the handling problem.

Overhead hoists will be most effective, but floor crenes can also be
used effectively, if of a design and size to span the curing beds. If trucks
or dollies are used, a level floor is necessary. Otherwise distortion will
develop in the package and it will take a permanent set, This danger is most
pronounced in thin packages. Precaution should be taken at all times to see
that the laminated packeges in retaining elamps are evenly and well supported
to prevent distortion. ' ‘ o

10.20, PLANT EQUIPEUT

10421, Dry kilns

The fabricator should have at his plant, or have access to, kilns
of such design that lumber for laminating can be uniformly dried, stress free,
to the high degree of dccuracy and balance between shell and core necessary
to meet the specifications and the requirements of good leminating procedure,
Equipment for testing moisture content of lumber must be available.
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- Storage. of kiln-dried lumbere- The fabrisator should heve facilie

ties for the dry storage of lkiln-dried lumber in enclosed and heated build=
ingse

10.22, - Sawing -equioment

The fabricator will require the following woodworking machinery to
properly fabricate laminated meterial.

. (a) Chain feed rip saws capable of ripping a true stralght edge,
suitable for the edge gluing of lumber.

(b) Cross cut sews for trimming boards and removing defects.

(c) Bendcresw-«‘Ehé need.onf.m bhndrgessw will:be_ governed:largely
by the product to be made, If much curved material will be-

v manufactured it mey bve consldered essential, but the thickness
roquirements of flat stosk do not . make this mach;ne a necessity.
However, if stock is going to be made in multiple widths in
order to take advantage of maximum economies in production,

& resaw is essential for splitting the wide assembly into the
: final units,
Cavn,

10,23. Edge and scarf-joint gluing equipment

(a) Clamp;ng equirment for edsre zluing mey consist of hand
clemps, ¢lamp carriers, ulling clamps, or other types of
sorew device to apply and hold pressure satisfactorily on
the edges of boards during the operations of edge gluing
and precuring,

(b) Equipment for end scarfing of lumber mey be a saw, shaper,
~ tenoner, or any other device that will produce the fingered,

plain, or serrated surfaces of the slope and unaformity re-
quired.

(e) Scarf g}ulngfclarps may be presses, C-clamps or eny suitable

retalning device to apg { and hold pressure during the gluing
and curing of scarf jolnts.

10,24+ Surfacing

(a) The rough planer is used for the initial surfacing of both
sides of kiln-dried rough lumber.

(b) The cabinet surfacer is an essential piece of euuipment. Tt
should be & double cylinder, ball-besring mechine capable

of being set to surface accuratel ‘within ¢lose limits., It
should be not less than a six-roll mechine,.
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10,25, Glue storage and spreading

(a) Storage fecilities for glue-- Adequate storage facilities must
be available to store glue at cool temperatures. Some means
of refrigeration should be provided in order that tempera-
tures of 40° to 60°F. may be maintained in the storage room,

(b) Glue spreaders-« The equipment for applying glue to the lami-
nation ifaces should be a double rubber-roll resin-glue
spreader, adequately adjustable, with doctor rolls to con~
trol thickness of spread. The rate of feed should be 50
to 100 feet per minute. Suitable weighing equipment is
essential for checking glue spread. A single roll spreader
is necessary for edge gluing.

10.26.  Jigs, forms, and clamps

() Clamping, jigs, beds, and fixtures-- The type of jigs, beds,
and fixtures necessery will depend largely on the type of
laminating to be done. It is desirable that the jigs for
bent work be readily adjustaeble to conform to various curva-
tures. The use of fixtures that are rigid and nonadjustable
is apt to be costly unless large quantities of timbers of a
given size and curvature eare required. All jigs and fixtures
should permit the finished package to be readily removed from
the form, but must be sufficiently strong and rigid to with-
stand the pressures of bending curved work to the contour of
the jig without deformation, Flat beds for clemping of
straight timbers should be of such construction that the
materiael can be prevented from slipping during the clamping
operation, -

Provision should be made for the mechenical handling of
heavy members by overheed hoists, by floor cranes, or by
other lifting equivment.

(b) Reteining clemps-- Retaining clamps should be sturdy end
readily edjustable for differently sized packages, It is
desirable that the clamps have some compensating device to
adjust the pressure equelly throughout the package eross
section and to apply pressure equally across the faces.
I~beam retaining clamps or other types of frame clemps can
be used. The heads and bases should be sufficiently rigid
to prevent distortion during c¢lamping and should be capable
of maintaining pressures up to 12,000 pounds total load per
clamp,

10.27. Curing chambers

The curing of laminated timbers glued with available and approved
lowetemperature phenolic resins recquires the accurate control of temperatures
and humidities in the curing chamber. The closest approach in a woodworking
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plant to the kind of comtrol required is by the dry kiln, which seldom, how-
ever, has been designed or constructed to maintain the high temperature and
relative humidities required for this purpose. The principal defect in kilns
is that they are not sufficiently vapor tight. Dry-kiln equipment, however,
can be satisfactorily used if it is provided with: ’

(a) Heating coils ample to heat the chamber to 210°%, in a
period of 3 or 4 hours, IThe heating system in a chamber
not over 50 feet long and jnstalled in e return-bend
system will ordinarily, under thermostatic control, be
able to provide a uniform temperature distribution. It
is desirable to have the heating system subdivided into
several sections so that only a portion of the heating
coils need be used after the chamber has become heated.
In long chambers, such as 100 feet or more, it is desir-
eble to have a heating system for each end, separately
controlled by thermostat, to maintein uniform temperatures.

(b) Highly vapor-tight-and well insulated building construction.
¢ The vapor pressure within the curing chamber et 2109F, and

80. percent reletive humidity is approximately 12 pounds per
square inch, and struecturel openings, cracks, or permeable
wall materials will permit considerable vapor leakage. It
is desirable that the chamber structure have an inner face
through which -water vapor cannot pass readily. Painting
the inside faces with a good grade of asphaltic kiln paint
is very helpful. Outside faces should not be vapor tight,
In addition to providing & vapor-tight construction, the
chamber should also be well insulated against heat loss to
evoid condensation on the interior faces of the chamber.
The use of livewsteam spray controlled by a wet-bulb thermo-
stat is satisfactory and vractical for suponlying the re-
quired humidity.

The wall construction of a dry-kiln type of curing chamber
may be of conventional hollow tile, brick, or similar
materials, In smaller units, the use of a vapor-tight
cement-asbestos board interior lining, over which insulat-
ing board is applied, and interior joints sealed with
asphaltic plastic is satisfactory for use inside enclosed
buildings. Provision for heating, humidifying, circula-
tion of air, cooling and automatiec instrument control in
theba small chambers are the same as for the dry-kiln
equipment deseribed.

(c) Forced air circulation system. The control of temperature
and relative humidity uniformly to the curing requirement
for the glue is much easier to maintain if there is mechani-
cal equipment for producing definite circulation of the air
in all parts of the ocuring chamber, The circulation of air
in the curing chamber may be reedily observed by releasing
chemical smoke (titanium tetrachloride) into the ohamber
while cold with eirculation system in operation. It may
be possible to vrovide sufficlent control of temperature
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and humidity during the heating and curing periods by
natural circulation augmented by steam spray effect,

but such circulation would largely disappear during the
cooling process. The cooling process cannot be controlled
to maintain a high relative humidity without the use of
mechanically-produced cireculation,.

(d) Bquipment to provide high humidity during cooling. Thile
steam spray may be used to provide humidity during heat-
ing and curing, it is undesireble during cooling since
it will admit heat also. The use of & water mist or fog
injected into the cireculating air by spray heads or by an
air-operated spray gun is satisfactory,

Another successful type of curing chamber for interior use

has been provided by enclosing the glued assembly, heating

coils, and steam spray, with or without mechanical equip-

ment for circulating the air, with a rubber-treated canvas

that is highly vepor tight. The useful life of such can-

vas covering may be relatively short but may be practicsl
in certain uses,

It is desirable to have the curing chambers located where

escaping vapor will not interfere with moisture conditions
in the plant.

10,28, Control instruments

There ere certain instruments that may be considered essential to
the fabricator of laminated material, as follows:

(a) Sheer testing equipment for testing the strength of glued
joints,.

(b) Potentiometer (electric thermometer), essential for determ-
ining temperautures within the package during heating and
coaling. This can only be done accurately by the use of
thermocouples,

(¢) lioisture meter. This should be of the resistance type and
is desirable for rough checking lumber prior to laminating.

() Torgue wrenches, for applying and testing the proper pres-
sures on the gluing clamps.

(e) Compressometer or hydraulic jack with gage., This is desire
eble in order to check the pressures developed with vari- .
ous types of clamps in order to set torque wrenches
properly.
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(£) Seales. 4n acourate triple-beam balence, or its equal in
accuracy, to be capable of welighing %o 1/10 gram for
determination of glue spread. '

(g) Misrometers, For checking mceuracsy of surfacing stock
before laminating, These should be screw type and not
the dial indicator.

(h) Slip-on gage. For convenienf and rapid checking of thick-
ness aof dressed lumber,

11,0, *HACHINING OF LAUINATED ASSELBLIES

‘The emount of machine work that it is necessary to perform on lami-
nated assemblies will be largely governod by customer regqrirements,

After the retaining clemps have been removed, the first operation
is the removal of the surplus glue caused by "squeeze-out", This operation
can be satisfattorily performed with a hoe-shaped steel hand scraper. As the
glue is brittle, it is removed with comparative ease. If the laminabted menmber
is to be surfaced on four sides, and .e four-side matcher is available, the lum=-
ber can then be run through this niachine, the ends brimmed, and the piece is
then ready for shipping, If a four-side matcher is not available and the
member shows any distortion, one edge should be squared with a power hand sur-
facer. After this has been done, the pie¢e can then be put through a double
surfager for preparetion for shipment. On some curved sections, it will be
jmpossible to surface by mechanical means., Timbers of this kind will have to
be machined by hand, and for this purpose power-driven hand tools are necessary.

In the interest of economy in manufacture, it will be advantageous
in the fabricating of many leminated assemblies to make the assembly in
multiple widths. & factor of importance in such fabrication will be the
difference in time required to cure the larger package as compered to the
smaller wnits. lhen assemblies are made in multiple widths, the edges should
be surfaced before resawing.

In bresking down heavy timbers on the resaw, it is desirable to
break them down to the lightest possible units by weight es soon as possible.
For this purpose it is best to reduce by halving through each successive pess
through the resaw.

The end trimming of timbers ean most generally be done by = smell
electric-powered circular ssw. On extremely bulky members of large size,
hand trimming may be necessary.

lMechining operations, other than four-side surfacing and end
trimming, will depend upon customer's requirements.




12.0¢  TEEATILIT, PACKING, AXD SIIPYING OF LAJTHATED IEMBERS

T, 1

12,1 Ind coating

The customer for heavy laminated timbers will undoubtedly specify
some particular type of end coating to be applied to the member after trimming
and before shipping, This is desirable in order to avoid end checking of the
finished piece. Resin varnish sealers, vhenolic resin, lead and oil paints,
and other coatings give satisfactory results.

12.2, Surface coating

The customer mey require surface coating or treatment of laminated
material to protect it against weethering, stain, or fungus attack. These
treatments should, of course, be applied after all machining operations
necessary on the assembly have been completed. OSmall members can be dipped
in the specified coating before shipment but larger members will reouire
briish coating, or spraying. Even though the customer does not specify pro-
tective coatings, it is well to giwe serious consideration to the use of some
surface protection thet will not interfere with the subsequent use or finishe
ing of the leaminated timber.

12,34 Bundling and wrapping

Since a finished laminated assembly may be considered a semi-
fabricated product, reasonable protection should be given, particularly to
the ends of the pieces, in shipping. Specific details for bundling and
wrapping are usually included in purchaser's specifications.

12,4, Crating and bracing

The customer mey require that certain types of laminated products
be crated for shipping. The crating of curved sections presents some diffi-
culty. Thin resawn material can be steel strapped to the inner and cuter
faces of a curved member, thus providing reasonable protection, especially
if square cleated around the package at suitable intervals. Problems of this.
kind are usuelly arranged between the fabricator and the purchaser, depending
upon the d egree of protsction that must be afforded the final products,
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GAMBLE BROS INC.-LOUWISV!

Figure 2l.--A, equalizing head type of retaining clamp used in applying pressure to
laminated assembly. B, bent laminated assembly in universal jig. Draw-up clamps
provide additional gluing pressure.
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LOUISVILLE WY -MA

Figure 22.--A, bent laminated glued assembly clamped in solid form, ready for ocuring
operation. B, canvas canopy dropped over laminated assembly to serve es curing
chember. Fan at end furnishes recirculation of air. Heating coils and steam
spray in chamber, thermostatically controlled, provide necessary temperature and

. humidity conditions for curing glue. Canvas, specially treated, provides vapor-
tight construction.
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