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latter is also cilled muarine plywood. [nterior plywood is usually
bonded with soybean glue or an extended resin adhesive,
while exzerior panels are made with hot-pressed phenol resins.
T'he grade of plywood is based on the quality of the veneers on
the faces of the sheet, Veneer grades for Douglas fir and most
other western softwoods are A, B, C, and D, in decreasing
order of quality. 1 lardwood vencers are graded as 1, 2, 3, 4,
with number | as highest quality. The grade designation of
m__v.s.ca_x_ will include the type and the veneer grades, as, for
example, Ext-1D¥PA-Plyshield-(A-C), in which the face is
grade _.k and the back C. ‘T'he inner plies of commercial
Douglas fir panels are made up with grade C for exterior type
and grade 1} for the interior-type plywood. ‘Fhe various
grades'of Douglas fir plywood are shown in Table 6.

Sirangth of Plywood

The allowalle stress values for solid wood cannot be wwans-
posed 'directly to plywood becanse of the alwernation of ply
directions and the face that knots and other major defects are
confined to single plies. Precise equations for strength, based
on the composite section and involving all plies, are given in
Unmmmq__ of W Aircraft Structures, ANC Ball. 18, These
calculdtions are involved and yield too refined answers for
maosz applications.

A . ded Working & tor -]

£lr v_.._:oon -

Approximate methods for the calculation of plywood strempyth
sped and ested by the USFPL (R-1630, Apr.

aave been de
1956}.) These methods are suitable for estimating the strength
and stiffness of plywood and are sufficiently accurate for
gn use, provided that the plywowd is not stressed
to buckling. Working stresses based on this sy stem fur various
w..un_nm_ of Duuglas fir are shown in Fable 6. These stresses
shoukd be usixd only with the restrictions in the following
ﬂ»..umm»_.rv,.

Tinsion snd compresion approximations take inte account
only thase phies with grain paratlel to load direction. Conse-
quently, the cheice of stresy in the table must be made on basis
of face-grain direction with respeet to load direction. The
values' for parallel { 1)t face grain, perpendicular (1) to face
grain, _ nd 3 ply as against 5 or more plies differ because the
inner plies are poarer grade veneer which carry lower stresses.
Stress, direction a1 457 to face grain requires the full cross-
sectional area ta be used in computations hecause none of the
plies in the sheet are parallet t the load direction. Caleulations
will be simplificd for standard plywood constructions by the
use :‘.‘ the section propertics given in Table 7.

Bending lua for plywood, based on Bull. 1630, is calculated
by a M.w:x_:.ﬁm flenure formala M = KSIf, in which M s the
bending m 5 is the unir stress for extreme fiber in
vnq..__.rm of thase plies in the parallel-to-span direction; f is the
EQE—ME of inertia computed on basis of plies parallel to span
only; [ is 1he distance from neuwtral axis to owtermost fiber of
the outerneust phy having its grain in the direction of the span;
K = L50Tor 3-ply plywood having the grain of the outer plics
perpend so the span; K = 0.85 for all other plywood.

Detlection in bending is approximated by the usual equations,
except thar 1} sment of inertia { is @ composite term made
up of the suneof the mioneenes of inertia for the plies parallel 1o
plus anc-twenticth that of the plies perpendicular to
Fi ool plywosd A_ﬂ in and under), the
s contribuie less than 10 percent o the torzl

and may be neglected in calculations. However, a5 shew
thickness increases, the { perperdlicular approaches the valye
of I parallel, and must be included.

Shear tn plywesd is of two types. The stress listed in Tabike 4
as shear in plane perpendicular (L} to plies is that developedjn
the plywood web of a built-up I, or box beam. The second
kind of shear is set up in the plane of the plies as norma
horizontal shear in a beam, Because the cells of the wood in 4
direction normal to their length are deformed at low stress
levels, the shear is limited in this case by the plies perpendicy-
lar 1o stress direction. $Such shear action is called rolling sbear in
plywood. Stress concentrations zs exist between flanges and
webs of 1 and box beams and framing members at edges of
panels should be computed using 50 percent of tabulared
rolling-shear stress.

Snarinkage In Plywood

The range of possibilities in kinds of wood, combinations
within a sheet, thickness, and numbers of plies makes the
wbulation of shrinkage data impossibly cumbersome, Calcula-
tions can be made using the methods given by C. B. Norris in
“Techniques of Plywood.” Studies have been made by the
U.S. Forest Products Laboratory for 3-ply panels of ane kind
of wood, and of equal ply thicknesses, dried from soaked to
ovendry condition, and ranging in thickness from Yo 10 % in,
Shrinkage in such panels averages 0.45 percent paraliel to the
face grain and 0.67 percent perpendicular to the face grain,
and varies from 0.2 to 1 percent and 0.3 to 1.2 percent,

respectively.

PRESERVATIVE TREATMENT OF WOOD

Since few woods are resistant to deterioration under adverss
conditions, and the sterilization provided by steam tresting
and kiln drying is not permanent, the principal method for
protection of wood in service is the introduction of toxc
chemicals into the wood.

Materials for P A I Biciogical
Action

Oils and oil-borme preservatives are the chief materials | 45
today. Coaltar creasate, which is the most widely used. i 2 E_”
product distilled from the coal tar produced by high-teoper®
ture carbonization of bituminous coal. It consists of @ rn._n_..ﬂ
geneous mixcure of liquid and solid hydrocarbons _..»zﬂﬁn,u
continuous boiling range from. abour 200 to 325°C. AmY
methods, as given by the American Waood Preservers ﬂ_cﬂr_
are important since the chemical composition and 8
woxicity of coal-tar creasote is vacieble. The fraction dis s
in the 200 to 275°C range appears to be the most OXC * g
means of reducing cost or increasing penetration, wsed
tar ons and petrol fons have been °
extensively. Such solutions are used jn proportions as _...u_%.s.
50 percent. Toxicity of the petrolenm solutions 15 a_“.e&_;n..
ratio greater than’ indicated by the percentagt ol pealy
adkded. Pentactdorophenol in volatile petroleum carries is s_x.m
as iMpOrtant a preservative as creosote and is ?42&...&_3.
cleanliness and paintability are necessary. Usual n%i: e
tions of pentachlorophenol for wood treatment u_..n_.. i e
than § percent by weight. This produces a soulic! \scd @
same range of cest as coal-tar creusote and can ¢
roughly the same range of retentions as the lateer-

Table 7. M of inertia, Secth
Constructions (12-in widths)

PRESERVATIVE TREATMENT OF WOOD  &13T

Modull, and Venser Areas for Selected Plywood

{(Frum “Technical Data on Plywood,” Deuglas Fir Plywood Assoc.)

Veneer thickoess Parallel | plies only Perpendicular] plies only
Net No. (nomioal), in.
plywood of A Moment of N Moment of| Bection
thickness | plies Con- | Cross- | 472 | jnerein 1, AP nertia I, | modulus
Faces§| oy | band [P0 jns - in g §, in?
3 | Me Ha 0.7% ¢.75 | o.0002 | 0.0077
3| M M1 ] 1.00 | 0.0006 | ©.0139
3 | Ms Ky |..... 2.00 1.00 | 0.0006 | 0.0439
3| % " 1.62 1,35 0.0014 | 0.0247
3 | Mot | Mot 2.50 1.25 [ @001t [ 0.0215
3 | Y% 2.25 1.50 | 0.0020 | 0.0312
3| 4% 1 1.00 1.50 | 0.0020 | 9.0302
3|4 [y 2.25 2.25 | 0.0066 | 0.0704
5 | Ko Ma 2.50 oo | 0.0150 | @.120
5 | Mo | Me 2.85 2.40 | ©.0260 | 0.1735
3 | Mo M, 3,60 2.40 | 0.0260 | 0.1735
S| M M 3.60 2.40 | 0.032¢ | 0.1995
5 | 3 W% ER 3.00 | 0.0507 [0.2N1
5| M I 4.50 3.00 [ 0.0507 | 0.271
y | i ¥, 4.50 3.00 | 0.0771 | 0.352
s | i W 3.1% s | ez 0.492
5| M I 4.50 .50 | 0.123 | 0.452
5 | X 3, 4.50 4.50 | 017 0.5608
7| K 1@ 4.50 450 0.136 | 0.503
7|4 @4 5.25 .50 e.193 0.617
7| K 20542 6.00 4.50 0 9.243 0.707
T | M 18%, 6.75 4.50 | ©0.299 0.7927
7| K 2@ 5.25 6.75 | 0.460 1.134
T | M @3 6.00 6.75 | 0.585 1,305
T | Mo | 2@, 5.90 664 | 0.627 1115
7| M 2@He 6.7% 6.75 [ 0.652 1.395
T M @4, 7.50 6.75 [ 0.763 1,526

tReters w dirccrion of face grain.~ °
FFor saned panels, thickness is before sanding.
Tnterior floor panel 2-4-4 grade.

in.»ﬂ..-!ﬂnn sotutions of inorganic salts have advantages over
the oils in greater ease of penetration and freedom from fire
Wazards and odor; however, they do cause swelling and some
feact with metal. The principal preservative of this class is
95..522_ zine chloride. Some other salts used are: acid
SUpric chromate {Celeure), ammoniacal copper arsenate (Che-
“._._"ﬂ_a._.”u. nv:.m::n-uﬂ_ copper arsenate {Green satt or Erdalith),
ding ﬁ&. zine arsenate (Boliden salt), copperized chromated
ESMEE.&? Retention for salts used in wood preserving is

In pounds of dry salt per cubic foot of material.

Preparation of Matertal

u(w_v.ac-_ which is 10 he pressure-meated must be peeled to hasten
cu._ﬂmw..:_ permit maximum preservative absorption. Barking
- one by hand shaving or in 1 peeling machine which
lower a_nE_ straightens the poles, Machine peeling results in
sn&.vo aw-m_..wn?ﬂE.:-_nﬁ_unun:.un._c:mcq:—m:%rm:nmem

u«w.“._m”u:_s.m ordinarily is done by air drying to about 1§
for ~ﬂ:=._e_mEnn content. When green material must be used
oy mm:w. ™o seasoning methods are common. Steam condi-
d..ﬂ:.:m Usually used with southern pine. The wood in the
it _.c__anw_._:r_n_. is steamed for several hours at about 30 1b/
verg) :E.:m which a vacuum is drawn on the charge for
tug), _..a.:m. MaclLean {U.S. Depe. Agr. Misc. Publ. 224, rev.
_ﬂ..._vowu“” worked out charts shewing cycles required and

"es attained for various sizes of material. Boiling

under vacuum (Boulton process) is extensively used for Douglas
fir and red oak. The charge in 2 cylinder is submerged in hot
oil, and 4 vacuum drawn su that the water boils out of the
wouocl.

Adzing, bering, framing, and all other curting shuuld be
comtplered prior o treatment, since this will ensure all surtaces
are adequately penetrated.

Incising is 4 process by which chisel-pointed tecth are forced
into the side grain of the wood 1o abour hali-inch depths.
Primary purpase is to expase more endd grain and give greater
penetration in woods such as western red cedar and Douglas

fir.

Msathods for Presstvative Treatment

Wood can e rreated with preservatives uader pressure in
5, by dipping, hat and cold saak, and diféusion.
ol v treated for use in engi-
neered structures, the pressure Trealments are nlost important,

Three pressure syswems are standand  wuday: full-cell
(Bethell), Lowry, und Rueping. Al employ a cor i
pressure and vacuum i sequence on material contained in 9
pressure vessel. T'he essential difference is the use of an inirial
vacuum or pressure. 'Fhe fullcell process draws 2 vacuum on
the charge, then inttoduces the preservative withour breaking
the vacuum, so that a nuximum of preservative can b forced
into the wood. The Lowry system uses atmospheric pressure
at the start, and the Rueping process empluys a positive initial
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1_.0“;:_..,.. The or e systems are dlso callal empty-eell
processes brecause the air undur pressure in the wood will
expand at the el seyele o furee U eveess proservative
from cell visi ing 4 minimuns rete for nuximum
pontr Lucping process is the mast efticient in this
respect and v the principal croosoting process in use in
this coumtry. |y pical pressure—time cyeles for 1he three pro-
s zre shown in Fig. 4. The temsperatore during the
wemen depends mosly on the prescrvative. Uneosine oils
are st nserd in the cange of 8O w0 200°F. Salt solutions are
used at wmperatires from atmaspheric o M0°F, igher tem-
peraturcs with sah~ may cause difficuleies in reactions with the
woud and embritlement.

Fire-refardant treatments of wood use the same pressure
wethods i equipmens 25 that used for proservarion. Salts
similar to those used to protect against fungus attack are
emaloyed (e ebaone), bud in much grreeer quantities, up to
refinal. ‘I ™his high proportion of inorranic material can have a
dulling ctlect on machine tols. The three principal miaterials
used are chromated zine chleride (FR), Minalith, and Pyre-
sote, (e also Say, 12, Fire Pruteation.)

Allowable working stresses for prescrvative-ireated bmber should
e reduvesd 1o acenum for damage due w the 2reating process.
“Fi w the U.5. Forest Prduets Laborstory of pre-
hamber  when unde ny and
HUg T n::: show' rudu s 1 SIress
pereent, depend-
w parallel to grain is
s aof elasticity very he effecton
estinared Ly inspection fur increase in
shakes and chocks aficr trcatment, Kevping temperatufes,
heating periends, and prosures w g minimum for required
penctration and retestion wilk hold the by in working stress

TS,

o

COMMERCIAL LUMBER STANDARDS

Swndard abbreviations for lumber description and size standards
fur yard lunber are givea in the *Wood Handlawok.”

\”“q.yvu ctionutl dimensices Jnd scetion properides fur beams,
stTingers sts, planks, and pusts are given in Sec. 12, Struc-
tural Ixsipn of Buikdings.

Seandard pattero for finish lumber arc shown in publicationg
of the .m..&..:w end drewsing tules for the various lumber
ass0CHNIONS, )

Informativn and specifications for commercial ptywood ar
given in Commercial Standards: CS45-55 for Douglas-fr by w
wood and C535—49 for Hardwood Plywood, Y

d
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Fig. 4 ‘Typical pressure diagrams for pressure _u..ﬂunq-:.«n Ereatince
of wood. (From Huns aud Garrast, “Woad proeroation,” McGrow-Hill.) (9}
Fwil-cell process: a, preliminary vacuum period; #, flling cylinder with
preservative; ¢, prosswie rising o maximum; J, maximum presit
maintzined; ¢, pressurt rcleasal; f, preservative withdrawn; g, nd
vacuun period; b, vacuum released. {8) Lery proces: 4, filling ¢y fizules
with preservative a1 aumaspheric p rwb p poriod and
fina} vacoum, 23 in L4}, 1) Rueping process: aa, preliminary L PRORTE
spplicl; b, filling cylinder, while pressurc is maiptainal: ¢ 10 b
pressure period and final vacuum, as in (#). Ibfin® x 6,894 = P, Hg

x 3,576 = Pa.

NONMETALLIC MATERIALS

by Rienzl B. Parker, Jr.
revised by Antonio F. Baldo

ABRASIVES

Abirives: Liwir Hi The Nor-

" Proan,

lustey,” MeCiraw-
Aanafacturing Fugingeting wrd
L4, Ot 19720 Borls, “hh wl Girinding:

Abrasves; Whene
Munageorent, vol . 09,

Recemt Research and Developmen,” Mills and Boon, Lal-. 12 R_.t
Caoes, Jr., "Abrasives,” Springer-Verlag, New York. Provfop
American Sociery for Abrasives Mesbods, 1971,

Manufactured (Artificlal) Abrasives l
Manufacturedd abrasives dominate the scene for Q..::ﬁ.an-lw
andl industrial use, because of the greater controd o1€° et
chemical compasition and crystal structure, .._:L. .._ﬁ.- wa

wniformity in s, hardoess, and cunting qualities: 5.
pared with natural abrasives. Technical advane®

resulted in abrasive “machining tools" that are economically
ncavo.:?n with many waditivnal machining methads, and in
some cases replace and surpass them in terms of productivity.

Gralns
Zu:.._?n.cqﬂ._ (industrial or synthetic) diamonds are _unx_:nﬂ_
from mﬂnm—.:n at pressures 29.5 1o 66.5 % 107 Nfm? (8 to 14 X
10 Wyin®) and temperaturcs from 1090 to 2420°C (2000 o
4400°F), with the aid of metal catalysts. The shape of the
erystal is temperature-controllable, with cubes (black) pre-
dominating 31 lower temperatures and octahedra (yellow to
white) a1 higher. General Elecrric Co. produces synthetics
reaching 0.01 carat sizes and of guality cnmparable o narural
diamond powders. Grade MBG-11 (a blocky powder) is
hander and tougher and is used for cutting wheds. Diamond
hardness (placed at 10 on the Mohs scale) ranges from 5,500 w
7,000 oo the Knoop scale. Specific gravity is 1.521.
Crystalline stumina, a3 chemically purified ALOD,, is very
adaptable in operations such as precision grinding of sensitive
steels. However, 2 wugher grain is _u_..xucnﬁ_ by the additon
of TiDr FesOy, 5i0ls, 7Zr0s. The percentage of such addi-
vions and the method of coaling the pig greatly infuence grain
propenties. Advantage is taken of this phenomenon to “cus-
tom® make the most desirabile grain for particular machining
peeds. Alumina crystals have conchoital fracture, and the
grains when crushed or broken reveal sharp curting edges and
points. Average propertics aoe density ~ 3.8, coefficient of
cxpansion ~ 0.81 x 107%7C {0.45 ¥ 10-5°F), hardoess ~ 9
Muhs scak), and melting temperaire ~ 2040°C (3700°F).
Apptications vover the grinding of high-tensile-strength mate-
rials such as soft and hard steels, and annealed malteable iron,

Sllicon carblde (SKC) corresponds to the mineral moissanite,
ared hias 2 hardmess of about 9.5 (Mohs scale) ur 2,500 (Kaoop),
and specific gravity 3.2. It is insoluble in acid and is infusible
but decomposes abave 2230°C (#060°F). 1t is manufactured by
fusing together coke and sand in an clegtric furnace of the
tesisuance type. Sawdust is used also in the batch and burns
away, leaving passages for the carbon manoxide to escape.
Vhe grains arc characterized by great brittheness. Abrasives of
silicon carbide are best adapted to the grialing of low-tensile-
strength materials such as cast iron, brass, bronze, marble,
cuncrete, stane, and glass. It is available under several trade
Mames such as Carborandsm, Crrboton, Crystolon.

Boron carbide (B,C), 2 black crystal, has 3 hardness of about
232 (Mohs scale) or about 2,800 {Knoup), melts at about
u.::wn (H7F) bur reacts with uxygen above 983°C (1800°F),
-_.J_ 15 N0k resisiznt 10 Fused alkalies. Boron carbide powder fur
m...:._:.w and lapping is obtainable in standard mesh sizes o

H), and vo 80 in spevial fner sizes. It is being used in loase
ﬂ“.: form for the lupping of comented-carbide tols. in the
:._-M...u_ﬁ :..:Eﬂ_. shapus, it is wsed for pressure hilast oozzles,

rawing dies, bearing surfaces tor gages, etc.
2_“-!. nitride (BN} when produced at extremely high pres-
il “_K_ temperatufes forms tiny reddish to black grains oy

._....ﬂ;..«n.u_ structure having hardness equal to diamond, and
Mwh sv:. is stable 1w 1930°C (3500°F). Abrasive powders,
._.Em»..___r.ﬁ,...::. are used cxtepsively for cuated-abrasive

s a5 for grinding tool and dic ssecks and high-atoy

_!...-n.qﬂ:._.._ cularly where chemical feactivity of diamons is 3

hean e ase of penetration and free-cutmng actipn Mininkia
#encration, producing superior surface integrity -

is made Iy heating high-grade crucible seeed

quenching in 2 bath of cold warer. The frag-

Croibeg 30y

whi

e heat g
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ments are then crushed o sizey ranging om fine pow der
Yie in diam. They are classitied as diamond crushed sceel,
Jiamond steel, emery, and stedite, usal chiefly in the stone,
bycick. glass. ani) metal trades.

Rouge and crocus are finely powderad oxide of iron used for
buffing and polishing. Rouge is the red oxide; crocus is purple.

Nafural Abrasives

Dixmond of the of the bort variety, crushed and graded into
usable sizes and bomded wikh synchetic resin, metal powder,
or virified-type bond, is used exeensively for grinding tung-
stcn-and mowlum-carbide cutting touls, aml also glass, stone,
and ceramics.

Corundum s a ineral composed chiefly of crystallized alu-
mina (93 10 97 percent AlCh). It has been largely replaced by
the manufactuced variety.

Emery, 2 cheap and impure form of natural corundum which
has been used for centuries as an abrasive, has been F_.mmv.
superseded by manufactured aluminum oxide for grinding. It
s still used 1o some extent in the meral- and glass-polishing
wrades.

Gamat Certam depusits of  garmet having @ hardness
between quartz and corvadum are used in the manufacture of
abrasive paper. Quartz is also used for this purpose. Garnet
costs about twice 35 much 2s quartz and generally lasts propor-
tionately longer.

Brhratones and millstones are generally made from cellutar
quatiz. Chasers (or stoncs running on edge) are abso made
from the same mineral.

Natural ollstoses, the niajurity being thuse quarried in Arkan-
sas, are of either the hard or the soft variety. “I'he hard variety
is used for tools reguiring an exuremely fine edge like those of
SUrgeuns, engravers, amud dentists. The soft varicty, more
porous and coarser, is used For less exacting applications.

Pumiice, of voleanic vrigin, is extensively used in leather,
fel1, and woolen industries and in the manufacture ot vc_mmr
for wood, metal, and stone. An artificial pumice is made irom
sand and clay in five grades of hardness, grain, aml fineness.

Infusarial carth or tripali resembles chalk or clay in physical
properties. b can be di stinguished by absence of effervescence
with acid, is generally white ur gray in volor, but may be
rown or even black, (hwing 1o its porosity, itis very abisorp-
rive., It is usexl exien v in polishing powders, scouring
soaps, €., and, un account of its puTous siructure, in the
manufacture of dynamite a3 2 hotder of nittoglyeesin, also asa
aonconductor for steam pipes and as a filtering medium. It is
also known as distomaceous silica.
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Grinding Wheels

Vitrified Process In wheels, seginents, and uther abrasive
shapes of this type. the abrasive grains are bonded with a glass
ar porcelain citained Ly mixing the prains with such marcrials
as clays and feldspars in various proportions, molding the
whee!, drying, aod firing at a temperature of 13T0PC (2500°F)
appros. 1t is possible o manufacture whaels as karge as 60 in
diam by this process, and esen targer wheels nay be obwined
Ly building up with segments, Most of the grinding wheels
and shapus grents, cylinders, bricks, E1c.) now manufac-






