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FOREWORD.

The good name of Western Anstralinn hardwoods, particularly Jarrah, for
ises other than railway sleopors and paving hlovks, hay suffeved from a weneral
Cailure to apply proper s

ning methods and fests. Climatic condifions are ot
condlueive to rapid and consistent air drying, and, in cobnsequence, avolilable
trouble has resulted from the use of imperfectly seasoned timbeyr for Hooring,
Joinery and other higher grade nses Experimental work In kiln and air seqson-
ing, which has been earried on for some years, has shown that the unsatisfactory
Lehaviour of loeal limbers tor such purposts has not heen due to any inherem
defects in the timher, and the present publieation 1= intended to provide the re-
sults of this rescareh For the general gmidance of sawinilicrs, arveliitects, and
timber users.

An eadeavour Lias been made to set ont clearly and coneisely the covrect treat
ment neeessary to season timber, the tests which should be apphied to determine
when timber is 6t for nse, and the eave necessary to ensure sattstaction from the
use ot seasoned limber. Manv exanples could he quoted of cases in which cone
siderable time and money have been expended in seasoning timber, and the whols
lost through lack of uecessary preeantions i subsequent handling.

Information Is contained which should enable sawmillers and other manu-
faetuvers faced with scasoning problems to determine the wmost economioal andi
ellicient method to adopt in seasoning.  Mxperimental work on sneh probiems muat
continue and mmproved methods will undoubtedly result from further research,
but our knowledge has advanced to a suffieient stage to enable all merchants hand-
ling timber, who desive to guarantee reasonable satisfaction to their custoners,
to introduce greatly improved methods,  Certain chapters are of greater interes
to the kiln operator, and will serve as a useful velerence book on questions of
consfruetion and operation of kilns under Western Australian conditions, Stand-
ard drawings of Tiemann and Clarke kilng are in course of preparation, and these,
In eonjunction with the more generai information contained in the hulletin, will
supply all necessary data for the erection of commercial drying plants.

The Departinent is greatly indebted to Professors H. B Whitfeld and X, T. M,

Wilswore, of the University of Western Australia, for thelr assistance and adviee
In connection with these mvestieations.

S. L. KESSKLL,
Conservafor of Forests,
Perth, 27th September, 1027,



CHAPTER 1.

THE COMMERCIAL TIMBERS OF WESTERN AUSTRALIA.

The timber-producing trees are practically cenfined to the Sonth-Wesi corner
of the State.* With the exeeption of a few unimportant speeies that, where ob-
tainable, are prized on account of their beauty wnd snitsility for the higlest
grades of work, all the trees willed uve Fuealvpls, and of these only two—Jarrah
and Liarri-—are ol prime Imporianee.  The study of the seazoning of wood i
Western Australin, therefore, hecomes almost entirely a matter of the seasoning
of the Kuealypts.

JARE AN {Bucalypius marginata ),

The most important tUmber—Jarrah-—is obiained from a tree growing to about
100 to 120 feet in height, with a diameter of G feet, and a clean bole of 30 or 66
feet. The prime forest covers about 2 to 2145 million acres, and no part of thiz
i more than G0 or 70 wiles {rom (he eoast. Compared with softwood forests
other parts of the world and with some of the lbuml\*pt forests of the Hastern
States of Australia, the quantity of merchantable | logs in the bush milled is eon-

paratively low, varying from 230 to 3,000 cubie feet per acre.

Althongh an average tree provides u log of fairly regulav form in length
and in diameter, the small average loadage per acre, and the presence of certain
faults and Dlemishes in the timher which result in an av erage recovery of only
30 to 40 per eent., are responsible for making the conversion of the timber a com-
paratively upensnc undertaking, Tt is, therefore, essential that the methods of
milling and f-.uhqequunf utilisalion Lhou]d be so direetsd that the timber may he
used to the niaximwn advantage,

Durability firet brought Jarrah into prominenee, with the resuit that the Him-
her came to be used for those relatively lower grades of utility which require as
their main reguisite long life under adverse conditions. Thus forests were ex
ploited for this class of matm‘inl and, while the supply was still thought to he
practically inexhanstible, the best trees only were selecfed. In addition, timber
for this poorer work was =nt free from blemish, under the erroneous Impresgion
that this was more derable. The comparative diffienl Ity in seasoning Jarrah, due
both to the somewhat refractory nafure of the wood and to the climate, 1esul£01
in the use of imperfectly scasoned material, with consequent. unmtlhfactmy ser-
viee: this led to the heliel that Jarrsh was only suitable for these lower purposes,
and stimnlated the wasteful s,\p]mtatlon of the forests. Tt has, however, heen
proved that, with proper methods, Jarrah ean be seasoned thoroughly, and that,
when seasoned, it will hehave just as uny other betier known timber : consequently,
with the eare which all dried timber must have, seasoned Jarrah is reliable.

* A vegetalion map of the Sonth-Western portion of Western Austy alig, showing the forest zones,
uppenrs af the veur of this bulletin.




Nearly all of the Jurah bole ix heartwood, lut, althoneh the presence of
kuois s exeeplional, there are other faulfs whieh add to the diflicnlties of milline.
Ghun veins, =vmetimes enlarged to gum pockets, falling and star shakes, and heart
roi, have all o he aveided in obtaining nnblemished material. Gum veins, whieh
are cansed by oseme intevruption in the werk of the eambium, resulting i the
formation of comparatively large, move or less complete reservolrs filled  with
Kine, do not affeet the physieal and wechanieal properlies to any serious extent,
exeept when they are exivaordinarvily large, Owing to the [aet that they lie alouz
the annmal vings, in this imstance they redure the shear strength and increase the
tenGeney to elenvaze inoa tangentizl direetion, Shalkes have to be avoided in con-
verting the logs, anil s decrenses the relurn of sawn malerial,

The presence of deeay or ineipienl decay in {he centre of large-siz::l Jarrah
Jos i eommon, aml is veferved to by the trade as heart rob.  Although Ligs with
sound heart throughout their length ave quite usual, rof in some trees extends
into the huit logs, while, in ofhers, it may even cover the full length of the hole,
o gnilline, the sonnd finber is eut from the log, wny central portion alfected by
Thiz portion = never marketed {(excopt for firewood), and
i eomparatively low in sireneth.  Cutlings From the cenfre of the log, often con-
entage ol this inlerior matevial, ave used extensively ou mill

decay being discarded.

tainiug a large pere
railways for slecpers, ele, and have a lif'e of 10 to 15 years.

Tn butt logs, taneentially cut timber iw olten Hecked with black spols, like
nurrow elongated eves i shape, and up to half an ineh or more in length,  On
the fransverse Tuce these appenr as black radial markings usually an eh or wmore
al lirst sight they nnght alwost be tulen for medullary rays. The latier

long, and
however, very small and, except on close inspeetion, are nvistble to

in Jarral are,
the nuked eve.  The markings, which gveatly enhance the beauty ol the tuaber,
are considered by some to be indieations of toll maturiky n the wood. 14 due to
ineipient fungal attaek, any {arther development seews to be arvested by the death
of the tree, For there s 1o record that timber thus marked is less durable thaw the
average elass of Jurval timber. Tiwber ot this type is often more easily worked,
likely to warp In scasoning, or to vary in shape and size with bad treatment

HESE a,

after drying: these advantages, togetlier with the greater beauty of fhe tunber,
make it of particnlar value For work in whicel fimish and appearance are a con-
¢ideration.

The wood of the Jerral tree s shmilar to other eommereial timbers milled o
o baree scale ju that it shows a fairly wide varviation in properties from {ree to free
E'“'{'I'L'l‘l.g‘lh and density vary between fairly wide fimils, while different degrees of
durability and reenlavity of grain ave also found. Tnvestigutions earyied out tend
Lo show that trecs frowm the ironstone ridges have denser and strongey timber than
those Trom the valley, and that this is due to the lact that the former are slower
prowing. On the marging of the prime fovest also, trees generally of dmaller stature
and of greater lrregulurity of grain produce this denser and more durable material.

Providing Lhal the timber is straight-grained, the site of growth does not ap-
pear to have a great effect upon the seasoning of the timber. Where the graln is
jvregular, however, the prevention of deformation in seasoning is sometimes im-
possible, and it is, therefore, a profitable procedure to selecl or scasoning none huf
straight-grained material.
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Mechanical and Physical Droperties,

A, Transverse Bending Test (Beams of 20 sy, 1. seetional areu and

al 12 per cenf. moistare-— Mean.
Modulus of Rupture, Ihs, per . in. .. .. .. .. 15,000
Modnlus of Elasticity, 1bs, per sq. in. .. 2,080,000

B, Compression Test along the Grain (ratio 2471)-
Crushing Strength, lbs. per sq. in. . .. . T T

. Compression Test along the (lpain (ratio 1271 and nnder}—
Crushing Btrength, lbs, per sq. in, .. . .. H100

Modulus of Flastieity, Ibs. per sq. . .. .. 1,490,000
. Compression Test along the (Grain {half-length of specimen
loaded)— _ .
Fibre Stress at 3 per cent. deformation, ibs. per sg.in. L. 2,560
. Bhearing Test along the Grain.—
Shearing Strenath Sh-"l_ethor,.l u_t'] l)f)u}.“]e Shear, lbs. per sq. _in. Luzo
~ = : { Method of Bingle Shear, 1bs. per s, in, 2,010
F. TDensity-—
Grecw, Ibs. per cuble foot . s (8
Dry {ai 12 pev cent. moisture), 1hs, per éubic foot .. ]

The working properties of Jarval ave sueh that it is snitable for all uses suel
as furnituve, furnishings, interior frim, ete, and, in these branches of utilisation,
1ts heauty of colonr and evain is by o means unimportanl. Wihen green the tinber
cuts eleanly and edsily with both power and hand saws along and across the grain;
but, when dry, although it cufs cleanly, mueh more power is required to drive the
saw.  The timber machines or ean be planed by hand to a smooth surtaee when
green or dry, but somctimes semi-dry maferial machines badly, owing to tearing.
Although the thnber is hard, tools eut cleanly and it is theretore often {urned or
used for carved work.

Althongh weight is a disadvantage, Jarrah iz cssentially a furniture and cab-
inet wood, but its durability has led to its very cxtensive uge for such purposes
as structural work generally, sleepers, paving hioeks, bridee and whar? timbers, and
power and telegraph transmssion poles. Ity popularity for these latter purposes
hay obseured to a cerlain extent ity possibilities in the higher branches of utilisation,
and mueh timber of excellent omality iz at present being used for purposes where
durability alone iz cssential.

The tree vegenerates freely, hut constant fiving of the forest in the past has
done much damage to voung growth. Conditions, however, are improving as refor-
estation measnres, including five eontrol aperafions, ave extended,

KARRI (Eucalyptus diversicolor),

The second most Important timber tree in Western Anstralia is the Karri, This
i5 a mugnificent tres witl a height of 200 feet or even nwore, the long clean hole
being from 100 to 140 feet in length. The dameter is 8 to 10 feof. Unfortunately
the habitat, which is in the extreme South-West eorner of the Btate, covers a limited
area, and the estimated extent of prime Karri Forrest is only some quarter of a
million acrez. . The {imber is very like Jarrah in appearance, but on fhe averaee,
especially when firet ent, it is mueh lighter in ecolour and sometimes almost white,
Sorae darker shades of Karri and lighter shades of Jarrah ave, however, indis-
tinguishable by ohservation with the naked eve. Jortunately Jarrah and Karri ave
vastly different in the tree form and in the freshly ent state, so thal the simple
preventive measurves now instituted (o avoid confusion ave uite reliable.
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The danger from the eonfusion of Jarrah and Karri lies in the faet thag,
whercas Jarvah hag g durability of world-wide renown, Karri is more readily af-
tacked both by white ants and by rot- produeing fungi. ()n the other hand, although
Jurrah s a strong tiwher, the mechanieal | properties of Karrd, partienlarly where
eross-hendmg stresses are cencerned, place it amongst the stmnﬂeat of timbers,
In the log form Karri has the same faults of guny, shakes, and rotten heart, as
Jareah, and the methods of milling of the two timbers mre therefore very similar.
In pure stands, however, Karri generally provides a very 1much higher loadage of
merehantable timber amownting ar times to 15,600 eubie feot per acre,

Mechunical and Physical Droperties,

A Transverse Bending Test (Beams of 20 s, in. sectional avea and

12 per cenl, molsture)— Menn.
Modolus of Pup‘nn-v Ihs. per =q. in. .. . .. .. 17,300
Modulus of Elssticity, Ibs. per sg. 2,680,000

B, Compression Test alone the Grain (l'at.iu 24—
Crnshing Srength, s, per s, in. : 9,400
C. Compression Test along the Grain (ratio 12,1 and uwnder)- -
Crushing Strength, Ibs. per sq. in, .. .. .. - 10,200
Modulus of Elasticity, 1hs. per sq. in. .. T - 2,050,060

D, Compression Test aeross the Grain (half-length of specimen
toaded ) —

Fibre Btress at 3 per cent. deformation, lhe. per sq. in, .. 2,800
2. Shearing Test slong the Grain--
| Method of Deuble QhKa' Ihs. per sq. in. 1,05
Shearing Slrength S od ¢ o B e R 050
i ]‘v[vil.ml of Single Shear, b« per sq. in, 1,800
. Densitv—
Gireen, 1bs. per cubie oot ; 2
[try fal 12 per cent. molstnre), 1hs, per enbic fool 0%

Karri, although it is not as easy as Jarrah to work, ents frecly and ean be
wade fo give smeeth surfaces. During machining it has a tendeney to tear, partic-
alarly with semi-dry and quarvter-ent material, but thig ean be overcome with suil-
able equipment.

In seasoning, Warri has a pronowneed iendency to erack. Tn thiek picees,
under adverse condilions, the eracks beecome very pronouneed and deep. Owing,
however, to the extrnordinary way in which the gruin is interloeked, the splitting
of even a thin piece of Karrvi, by an externally applied foree, is a very diffieult
maiter. Besides being on Idoyd’s list of shin-building timbers, Karri is nsed for
weoden pipes, wagon seantling, and (ransmission-Nue poles and cross-arms.  The
powellised Karri railway sleeper is well known thronghoul the Southern Hemnis-
phere, and on the Great Western Railway, linking Sonth and Western Australia,
it hus proved itself superior te all others. Karri, on account of its very high
beam strength and ifs long elean lengths, is used extensively in superstructural
work, and for this purpose it iz steadilv ecoming more snd more into favour. Tt
makes excellent flooring on account of ifs strength and wearing properties, and
ig also used for furnishings, furniture and inlerior trim. For all purposes where
it has heen used in contact with the ground, Kavri has in the past been powellised,
by freatment in an open fank with a selntion of sugar and arsenic. Recent in-
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vestigations have shown that, while this treantment is very effective in prevenling
the ravages of the white ant, deeay of the tinber under adverse condifions still
takes place. The process has, therefore, been replaced by a new one which has
been developed in the State, and which is called Fluarising. The name iz eom-
pounded from the two main constituents of the process, Sodinm Fluoride, a well-
known fungicide which is imvregnated inte the wood in snlfeient quantities o
prevent deeay, and Arsenic,whiel, having proved its ability in the powellising
Process, i3 meluded in the new to give proteetion against white ants snd other
inseets,

Karrl regencrates itselt well, and it Forms the only forvest in the State which

wrries a dense andergrowth of shode-hearing EPRCICH.

OTHKE KTCALY DT SPROTE S,

The remaining Euealypt timber-prodocing (ress ave fo he foumd cither seat-
tered thronghout the Jurrah belt or in isolaled patehes of the foresi near its
marging or in the savannal forest which covers the lower vainfali helt east of the
Jarvab and Karrei forest arens.  Assoeinted with Jarrah are to be found Plackbutl
(Bucalypius potens), Marri (Fucalyplus catophytla), aud Wandoo [ Kueolyplos
redunci), althongh the last-named ix wove typieal of the savannah forest.  Black-
butt and Marri are hoth trees not unlike Jarral in appearance, approaching i
also in helght and the dmensions of the bole.  Marrl is very plentiful, but the
milling possibilitics of the timber at present are slivht, owine to the large per-
cenlage of frees very seriously wteeted by gum veins amd pockes.  Blaekbutl
vields clean (mber but supplies are limited and seattered.  The physical and
wechanical propertics of Loth thubers rvesemble those of Jarrab,  They  are,
however, light in colowr with a vellowish tinge, and the woods, while durable,
have not the exiraordinavily long life of Jarrah and suffer by the comparison.

Ir small bat pure stands arve fo he found the Tuart (Fucalpplus gompho-
cephala) and the Tingle Tingles.  In the lalter ease, Lhe Tovest is really a mixtore
of the two Tingle Tingles, which, although similar in the tree form, are very
distinet species,  Tnart is to be found on the limestone hills of the Western eoastal
plain southward fvem Perth, but only in few places are the trees anyihing hul
seaffered in nature.  Five thonsand scres of the hest Tuart country have bheen
reserved al Wonnertip s State Iarest. The thwmber is pale vellow in colour, and
is strong and durable. The mechanical properties arve slighily superior Lo thoese
of Karri, the timber {s havder, while the inlerlocking of the grain, which is a
feature of Karri, is in this timber even morve pronounced.  The wood has a
wonderful reputation for ratlway wagon sobstroclural work, and smaller sizes
are used in bodies of wotor vehicles and for smzall Turnery

The prime Tingle Tingle forest is restricted to a small avea seme 5,000 acres
in extent on the south ecast in the vieinity of Nornalup Iulet. Red Tingle Tingle
{(Fuc. Jacksoni) is a tree not unlike Jarrah In appearance, hut it grows fo a
height of 180 feet with a diameter of 10 to 13 feet, The nechanical properties
of this timber are similar to those of Jarrah, but the density iz considerably lower.
From the pure Tingle Tingle stands, the majority of the timler appears to have
a density averaging szhont 45 Ths, per euble foot. The timber i3 almost o rose
colour, and ig eminently suited for furniture and similar classes of work. Vellow
Tingle Tingle (Eue. Guidfoylel) 1s very similar fo Red Tingle Tingle in appear-
ance, hut attaing a height of only 80 fo 120 fTeel, with a diameter of 3 to 4 feel,
Jt occurs on the margins and sometimes penctrates into the Red Tingle Tingle
forest.  The timler appears to resemble tuart in physical and mechanical pro-
perties, Owing to the isolation of the Tingle Tingle fovest, the exploitation of
those timbers has been delaved.
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The trees of the true fovests, Jarral h, Karri, Marri, Blackbutt, Tuart, and
Red and Yellow Tingle Tingle, have high initial moisture contents. This is in all
the timbers above 60 per cent., while in (he case of Jarrah and Karri, it sometimes
reaches 0 per cent, or 93 por cent. of the dry weight

The more important Fucalypts of the savannah forest, Wandoo, Morrell,
Salmon Gum, York Gmmn, Yate, all produce dense interlocked fimbers of great
strength,  The moisture contents of the green wood are all low, being between
3 and 44 per cent. of the dry weieht, Wandoo, which strongly resembles Trart
in physical and meehanieal properiies, is used for railway wagon subsiructures
while, on gesonnt of ite great durability, i, also hnds o ready market for railway
sleepers.  The other limbers ave used in coaeh and wheelwright work, and the
extent of utilisation is Hmited not by the lack of appreciation of the timber, but
by the dilMiculties of milling owing {n the senttored nature of the forest,

NON-ETCALYPTS

Amongst the non-encalypis, River Banksin (Henksia verticillaia), Shepak
(Casuarine Fraserigna), and Native Peav ( Xylomelhem pecidentale) are milled to
the extent the vestricted supplies allow. River Banksia, which is to be found along
rivers and streans in the Jurrah and Karei forests, vields a pretiily fignred wood
with pronounced medullary rays, It is used for furniture, penalling, and shmilar
purposes.  The timber is soft and easy fo work., The mioisture content of the
green wood Is sometines very high, Hgures of 200 per eent, havine been vecorded,
Sheoak is,a harder timher, somelimes possessing a very bold, oak @ B A 1
used for furniture and alzo for shingles and eooperage stock. Native Pear is
a soft wood with pronounced mednllary ravs aud deep, ved colonr,  Small, scat-
tered, irveguiar and often fire-damaged trees restviet the supplies of what would
otherwize be o very popular furituve timber.

ST

conlg
mto
barlk
that
eary]
nhso
the ¢
being
The
dowr
18, th
anotl
stora
tively
antst
of ]
Wward:
;

furth
eell {
cesges
Paren
the e:
oriclos
appr
origirn
hag v
walls
two k
parall
of th
primy
form .
an on
in the

A
n the
and w
the tr
when
portio




art, and
18 in all
nnetimes

Morvrell,
0f great
betweer
s anrr
ruetiares
railway
ind the
er, but

Sheonk
Ned to
| along
| wood
similar
of the
0rded.

It ig
CaY Ty

seat-
would

CHAPTER 2.

STRUCTURE OF THE WESTERN AUSTRALIAN EUCALYPTS,

The trunk of 4 tree, which is tig portion here to he considered, ix g very
complex struetnre,  Op eneral lines, staviing from +he contre, it ean he divided
info the pith o medulla, the hear wood, the sapwood, ihe eambinm Taver and (he
bark. The cambiuny s he growing poriion of e tree and may e deseribed gy
that delicato mneilaginous Inyer between the hark and the sapwood. The saPWoo]
carries to the leaves the moisture chaveed wifh minera! and organie maleria]
absorbed by the roots, Carbon dioxide is taken Trom the aiy, and, by the ageney ol
the chlerophyll or green colowving matier jn the leaves, is hroken up, the oxveen
being discharged by the Teaves and the earbon veeambined in, sfare
The sap, branghi np through ihe sapwood, i enrichied g the leaves and i
down inside (he busk to feed the canibinm, Tlie main diveetion of motion of the sap
1s, thevefore, wpward in the zapwood und downward iy {he hark. There i, however,
another miner direeting ol notion i horizontal direetion, whicl assists in the
storage and seeretion 1y 1he heartwood of food and diseavded nisterials Tespee-
lively. The cambium divides inte new cell stractures whiel,

hy shstances.

$Es

are Iabd down o e
outside of the sapwood, and i fhese eolls changes gradually falk Place, the ehiof
of which ave thickening any strengthening,  Tle oy srowth in ihe trunk is oq-
wards, or by inercpse in diameter,

With this inerease I diameter of the bk, a el hepones turther  and
fuvther (vom the cambimn, While it e S in the sapwood, development of the
cell tnkes place, bt with fhe change {rom sapwood o lieariwood, living pro-
cesses in the eel] eease, and the cell, apart from its mechaniea] strenoth, i ap-
Parently ne longer sssentiag to the 1ife of the trre, A celly when tipsy Formed
the extreme edue of 1he supwood, consists ol g very thin, imperforio membrane
enclosing the living eoll contents, As the tree grows, and the heartywrod eradunlly
approaches this eell, 4 secondary strength-giving thickening 75 tfaid on to the
original wall, The secondary wall differs, however, Irom tlhe Primary, in fhat i
hag variogs t¥pes of pits whiel correspond in position {o pits in {he seeondury
walls of the adjacent eloments which share the iy wall, The Dits are of
two kinds, simple pits and Fordered pits: the former consisl of a0 more ar Joess
parallei-walled Passage between the fwo eolls closed in the centre by the membrane
of the brimarvy wall; the latter have emal] months hut gye enlareed near the
primary wall which ia here a wnembrane thickened in 1he ventre, Presumably o
form a check valve to close a mouth of the pit in the ovent of A sudden pressure
on one side or other of {he primary wall, A tertiary wall is often laid down, hut
n fhe Fucalvpts it is o nealigihle raantify,

At the time of {he transition from sapwood {o heartwood, ¢ secondary growtly
n the formation of new cells inside some of the ol gnes sometimes falkeg Pplace,
and while this acting apparently doos noj greatly affeet the lving processes of
the tree, it hag an appreciable effect upon the physieal Properties of the heartwogd
when the t{mber s subsecuent!y eonverted. Thus the heartwood, which is the
portion of the tree of #eonomic imporfanee from the timber standpoint ag far ae
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the Eucalypts ave eoncerned, consists of an iniricate structurs of dead cells, It
provides to a large extent the mechanical support of the tree, and is a depository
for some of the waste waterinls of the living processes.

A plece of wond consists of a very laree number of cells of different types
arranged in more or less definite order. The microscopie stroeture of the wood
may he likened to a bundle of drinking straws pressed so that there are no inter
stiees befween the individnal straws, but whiel retain io some extent their round
shape.  The cells in wood are, however, very mneh more irregular with respect
to length, diamcter and shape, and to thickness of the cell wall, while, 1n addition,
there is alse interspersed a seeond set of volls with {hoir fong axes at right angles
to those of the cells of ihe main set.

The cells in wood ean be divided into » wumber of fypes according to their
general Torm, disposition with relation Lo one another, and function.

The types of ceils to be found in Ruealypts are as follow te
Tracheae Vessels, or Pores.
Wood Tihres and Fibre Tracheids,
Wood Jlarenchyma.,
Meduallaey Rays, Pith Rays or Rays.

The vessels or pores ave nsnally vory numerous in the Enealypls, and ean readily
be seen us little holes in an end seetion. Thev are also apparent maeroscopically
on longitndinal Taces of these timbers and resemble a mass of irregular fine
seralches in the direction of the grain over the whale surface of the timber. These
cells are comparativelv (hin walled and formn the main conduits for the teans
miseion of moisture from roots to leaves by way of the supwood. The eell wallg
are pitted by hordered pits and overlap one another to provide the necessary
enntinuily.

The wanner of distribution of the pores on the transverse section of & plece
of wood forims one of the means of macroscopic identifieation. Timbers ave divided
into two elasses, viz, ring-porous, in which the poves are eoncentrated in rings
corresponding in nwuber with the annual rings, and diffuse-porous, in whieh the
pores are disiribnted more o1 less evenly over the transverse section. The Western
Ans{valian Fuealyvpts arve all ditfuse-porous,

The most numerous and most important eells from the Gmber standpoint are
the wood fibres, which form the main hulk of the wood and provide most of the
mechanieal streneth of the tree, These elements i the Euealypts are much smaller
than the pores and have eomparatively thick walle, The eell cavity or lumen is
ustially smail and the continuily of the sceondary wall is in most eases hroken by
simple pits only,

A modifieation of wood fbre eells is to be found in the fibre tracheids which
resemble true tracheids. The latier, which are of extreme importanee in, and
ave the prineipal clement of, a elass of woods, the fiymunosperms, to which the
pines and most softwoeods helong, ave elongated taper pointed cells with hordered
pits, and ave peenliavly adapted Por the fransmission of water in the living tree.
Hibre tracheids are infrequent in the Western Australian Ruealyplis.

Interspersed more or less freely amongst the wood fibres and often grouped
around the vessels arve simple e2lls whieh have thin walls, and are only slightly
elongnted. These elements, which are known as wood parenchyma, have simple
wits like the wond fibres.

All the above types of cells have, when in the tree, their long axes more or
fess vertical. The last elass of wood clement, the medullary ray, has its long
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axig at richt angles to this direetion and runs from the centre of the tree to the
bark. The medullary rays in the Buealypts are very small and numerous and are
often indistinguishable to the naked eye. In both Karri and Jarrah, however,
they can he deteoted on split radial faces, us 1 minute cross handing.

The vertical wood elements ave either living in the sapwood or dead in the
leartwood. The vays extend thremgh the heartwood infe the sapwood, and
practically all have a living and u dead end. As the iree increases in diameter,
the lengths of the rays inerease. Sinee the horizontal spacing of the rays 1E
more or less constant throughent the eross section of the frunk and sinee the
tvee inereases in cireumlerence with increase in diameter, new rays are col-
tinually heing laid down. In a cross section of a tree, therelore, there are rays
of all lengths from the just Formed very short ones, to the primary rays which
extend from the eirenmference to the pith or centre of the tree. A medullary
ray does not, however, consist of a single eell: the individual cells of the vay are
very similar to parenchyma cells but in the tree ave laid in a horizontal instead
of a vertical direction. Sometimes the rav cells have characteristic tracheid-like
unevenly thickened ecll walls.

Tylosis, previously referred fo. as a secondavy growth taking place during
the fransition from sapwood to heartwood, is very common in the Kuealypts.
The choking of the lumen of the heartwood ecells with seerelions is also very
often present, and with tylosis must undoubtedly fend to render difficult the
movement of {luids through the timbers.

JARRAH.

The pores in jarrall are arranged irvegnlarly throunghout the eross seetion
and are heavily tylosed and Dblocked hy secretions.  The wood fibres are thiek
walled with small ecll eavities which are nearly alwavs blocked by seeretions.
Sonetimes the fibres ave scpiate, that is they are divided into a number of
shorter eclls by fransverse walls, which may resenible tvloses. The fibres are
alzo in some cases slightly interlocked,

Pavenchyma celis in jarrah arve very vave or absent, but when present they
have thin walls and an unchoked lumen.

The rayz vary from about sme fo four cells in width and up to abont 20
ceils deep, Althouch tylosis 15 absent, the lumina are heavily blocked by secre-
tion, partientarly in the case of the central cells.

KARRIL

The pores in Karri like those in Javrah are choked by tyloses and seeretions
and in a transverse scetion are offen seen to have a more or Iess radial disposi-
tion. The fibres ave interlocked to a much greater extent, but tyloses and seere-
tions are absent. Parenchyma cells are common, particularly in assoeiation with
the vessels, and have unchoked cell eavities. The rays are similar to those of
Jarrah but they are generally small hoth in the size of individual eells and in
the total size of the ray. The cells often have a tracheid-like uncven fhickening
»f the wall and are always choked by secretions.

Upon the other timbers comparatively little work has been earried out. The
relative importance of the different types of eells changes somewhat from timber
to timber, while such features as interlocking of the fibres and choking of the
lumina by secretions and tylosex vary hetween wide limits,
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CHAPTER 3.

THE WOOD - WATER RELATIONSHIP.

Tt has been shown thal a piece of Fuealypt timber is an extremely involved
arrangemwent of different wood elements.  These ¢onsist of a eronndwark of eellu-
lose, permeated with lignin, a substanee or rather a eollection of substances of
complicated chemical composition. The cell wally formed of these materials have
different types of pits and enelose eavities, In addition, there are secondary
growths, seercltions, eolouring matter and water.

Where the prescence of waler in wood is permanent, ils exislence is nol usually
detrimental, but where change of moisture eontent is likely to take place, the eon-
scquences of this change are often so serious that the timber tails in the purpose
Tor which it is Deing nsed. Secasoning is the removal of meisture from wood,
until it reaches suceh o state that frarther preventable ehanuse will not tuke pluce,
when the timber is used in the serviee for which it is intended. 1t may he men-
tioned here that under all natural conditions the wond retains som? of its mois-
ture, so thal seasoning does not vequire the rvemoval of all, but only of such =
quantity that further avoidable loss will nof take place. For example, it would
be ridiculons to dry timber il if is to he nsed permanently under water, nor would
it be more reasonable to dry material for furniture to the same extent if it were
to be used in the comparatively cool, damp elimaie of the extreme Sonth-West,
as it were required for the dry interior. The problem of scasoning is, there-
fore, the removal of a sufficlent proportion of the water In wood, with as little
deletevious effect such ax warping, splitling, ov eracking, ag is possible.

bince reference will often have to he made to the quantity of water in a
picee of wood, it will be neeessary to define the moisture content of wood. In
speaking of the scasoning of fimber, velerenee is ofter made to the taet that a
piece of wood loses a certain percentage of ifs weight. Such a deseription is very
inconvenient, for the weight of a piece of wood is not a constant quantity, but
varies with every ehange in moisture conlent. The weicht of a length of timber
at any instant comszisis of the weight of water present plus the weight of dry
wood substance.  Of these thvee weights, the firsl two musi ehange with any
change of moizture conlent, bul the third, the weight of dry wood substance must
always remain constant so long as the piece is uot destroved in any way. The
weighl of dry wood substance is thevefore taken as the basis of moisinre content
percenfages and is usually referred to as the “Dry weight” of the plece of wood.
The moisture confent of a piece of wood, therefore, may be defined as the weight
of water present expressed in a percentage of the dry weight of the wood. TFor
example, il a piece of wood weighs 125 lhs. and 235 lbs. of it are known to he
water, the dry weight will be 100 Ibs. and the moisture content 25/100 x 100/1
or 25 per cent, Similarly if a picee of wood weighs 75 Ibs, and its moisture con-
tent 1z known to be 50 per cent., this 73 lbs. must represent 150 per cent. of the
dry weight, which is therefore 757150 x 100/1 or a0 Ibs. It should he noted that
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the dry weight is not the air dry weight, or ihe kiln dvy weight, but the weight
of the timber with absolutely all the moisture, not chemically combined with the
timber, removed. Kiln dry timber is usually at 8 per cent. fo 12 per cent. moisture
content and air dry timber at 12 per cent. to 13 per cent. moisture eontent or
even higher.

Tor the purpose of convenience it is usnal fo consider water as existing in
woud in two distinet ways: as water saturating the cell walls, called combined
or hygroscopic moisture, and us moisture in the cell cavity, or free moisture.
Consider then a single wood fibre. This fibre, in the green state, has moisture
filling its lumen or cavity and moisture salurating its eell walls. If this cell is
exposed to drying influences, some of the moisture is dried trom the eell wall, but
this is immediately replaced by waler absorbed from the cell eavity. It the drying
proceeds, the amount of moisture in the lumen beeomes less and less until fnally
all has disappeared. This stage, when the water has all disappearved from the eell
cavity but the wall of the fibre is still satuvated, is ealled “Fibre Saturation Point.”
Normally, while there ig still woisture in the eell eavity, drving produces no change
in the physieal and mechanical condition of the eell. After the {ree water has
evaporated, lowever, and drying ount of the water in the ecell wall ecomnences,
shrinkage and hardening and strenglhening of the eell ave apparent.

Consider now a collection of cells or a piece of wood, 11 this piece of wood 13
in the green state, the moisture conient will he praetieally constant throaghont.
Now if it is exposed to a mild drying influenee, the free moisture in an oulside
cell is reduced, so that it is lower than that in an adjacent cell towards the interior
of the piece. Moisture then tends to move from the eell of higher moisture content
to the one of lower until equilibrivmt is established  This, however, lowers the
moisture content of the sceond cell, and the ¢¢ll adjacent to it towards the eentre
supplies moisture, and so on,  Thus whal may De tevined a “Moisture Gradient” is
established.

I the drying is countinned verv gradually, practically the whole of the frec
moisture in the piece of wood ecan be vemoved, before the outside cells dry below
fibre saluration point. 1f, on the other hand, drying [rom the swrface is very
rapid, the moisture is vewoved frow the cavity of an oulside cell murh faster than
it ean he supplied from the inner cells. The fibre satovation moisturs theretore of
the outer cell is used ta supply the deficieney. With the removal of this combined
water, there are the aceompanying leatures of shrinlkage, havdening, and reduced
ability to transmit moisture. Under severe drying eonditions a namber of celly,
from the surface inwards, wmay have lost a cousiderable amount of fibre saturation
wafer and have hardened. These cells will tend to forin a eaze of reduced pene-
frability to water. Conlinved drying from the suwrface will then not greatly affeet
the eentre, but will tend to rednce cven further the woisture confent of the ease
cells.  Thns the ease will become barder and more resistant to moisture trans-
TNiSSIoN.

Solely from the standpoint, therefore, of obtaining the greatest drying rate
Tor the whole piece of wood, it will be evident that the moisture content of the
surlace ecells must not he allowed to fall too much below that of the central cells,
or in other words the moisture gradient must not beeome too steep.  On the other
hand, other things heing equal, the greater the difference in moisture content
between {wo cells, the greater will be the rate at which one transmits moisture to
the other.

Between these two contrary infinences a balance must he struck fo obtain the
maximum rate of moisture fransmission.



16

In practice, however, there arc other factors to be considered. It has already
been shown that in a picee of wood with a steep moisture gradient the outside
clements may be below fibre saturation point, while the inside cells still contain
free moisture. As drying continues, the ontside ecells, if they were unrestrained,
would harden and shrink, hecause combined meolsinre is being removed. Ilarden
they ean, but in shrinkage they are restrained, for the central portion of the wood
being sfill above [thre saturation point tends to retain its original dimension. The
outside cells harden, theretore, in a stretehed condition.  In other words, the hard
case of the wood consisting of these eells is larger than it wonld have been if their
shrinkage were unvestrained, 1F this reslraining of the cells from shrinkage is
greater than they ean stand, checks or ervacks ocevr.  Surface checks are therefore
an indieation that the deving is too severe in the carly stages.

1t drying of the pilece of wood under consideration is continued, there will
come n stage when the cenlral portion will have lost all its free moisture, and,
with the drying of its hygroscopic mosture, shrinkage will {end lo oecur.  The
central fbres will not, however, be able fo shrink as mueh as they desire, for the
siresses of the inifial stages of drying have resulied in this material being sur-
rounded hy a too large ease of hard, dry wood. The centyal cells in their restraint
{rom shrinkage tend to eompress the case and elose the surlace checks which were
formed during the early stages of drying. This elesing of surface cracks is a
normal feature of the !ater stages of dryving of timber which received too severe
treatment at the commeneement of drving., If, however, the streteching of the
caze were very severe, or if the drying of lhe eentral portions weve very rapid,
the restraint to shrinkage of {he eentral cells would he more than the structure of
the wood eould withstand and cracks would form inside the wood. 'This 12 known
as “Infernal Checking,” or, in very bad ecases, as “Honeycombing.”

Tn the condition described above, the ountler layers of the timber are subject
lo compressive stress and the inner lavers are in tensile stress.  The severity and
extent of these stresses i3 such that they balanee one another, and the picce of
timber as a whole 18 in a =fate of cquilibrim. This condifion of stress is known
as “Casehardening.”  1f, however, a casehardened piece of limber is sawn in half
longitudinatly, the state of equilibrium is destroyed. Fach half consists of a hoard
of timber with compressive stress on one side and tensile stress the other. Now
if the eanse of compression is removed from a material it tends to expand. For
example, a squeezed sponge when the pressurve is removed lnereases in size.  Also
a stretehed material, or one subject to tensile stress, contracts when the stress is
removed. For example, o stretehed pieee of rubber contracts when released. ence
the compressive or “outl” side of cueh half’ of the original heard tends to swell and
the tensile or “in™ side tends to contraet.  The two halves, therefore, warp into
arces of cireles, the concave sides being the original inside of the timber, .6, the
surfaces formed by the dividing ent.  The presence of easehardening in a bourd of
timber may thus be recognized by reducing the board by onc longitudinal et
through the centre into two thinuer boards and noting the behaviour of these hoards

immediately after entting.

1t shounld be rceognised that 1t is nof necessary for the beard to be sawn in
two to upsel the equilibrium of the forces in the tiwber. 1f one side is planed,
sufeient eompressive material may he removed to upset the halanee, and eupping
towards the planed face will result.  Similarly, if hoth faces arve surfaced but from
one is removed more timber than from the other, movement may also ocear. Case-
hardening, therefore, is a very undesivable fealure in seasoned timber which is to
veevive further {reatment such ag resawing or planing.
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SHRINKAGE,

It will be evident that shrinkage is a most important featare in the be-
baviour ol timber in seasoning and that further consideration is warranted.
Consider, therefore, the beliavionr ol a single woad element, say a tibre. When
this fibre Is in the green state the cell walls are saturated with moisture and
moisture is also prescot in a free stafe n the lnomen, As dryving commeteces the
Iree water gradually digsappears from the eav ity, bit no other change takes place
at this period. When fbre saturation point is reached {he eell =till has tis
oviginal dimension and no alteration of condition other than loss off free water
has taken place. As soon, however, as the kyeroseopic miistore commences fo
dry from the cell, stiffening, hardening and shrinkage of the fibre are apparent.
These cffects ('onhnue O 1011n as drying proceeds, providing of course that the
medinm prnduemn the drying has no destruetive effeet upon the fibve.  1# the
shrinkage of this wood element is «tudied carefully, it will be found that althongh
reduetion in the width and thickuess takes place there is no appreciable ehange
in length. This peenliar difference in behavionr between the small and the | arge
dimensions of the fibre is due apparently fo the strueture of the eell, hut the
Immediate cause has not delinitely been detemmined.

If the drying of a collection of cells, ie., of o picce of wood is considered
Lrown the green state, no shrinkage will he notieed wntil some of the cells Tall
below fibre saturation point,  Tn other words if all the eclls in o piece ol woorl
were reduced to fihre saturation point together, nu shrinkage of the plece wonld
take plaee daring this process.  When a commencenent is made on the drying
out of the comhined moisture, shrinkage is immediately apparent.  Inecidentally
it may be mentioned here that it is beeanse of the dif fieulty of drying all eells
down to fibre saturation point tozether that shr mbkage and, whal is probably more
important, shrinkage stresses and sirains, in cells =511 above firo saturation point
are produced.  This tends to disguise the fbre snturation poind and lias heen
1esp0n=.1b](‘ for & disinelination on the part of =ome observers to aecept s existonee.
As would be expected, shrinkage in leugth, ie., para'lel to the axes of the fibres
and vessels, is ravely appreciable, hut, contrary perhups 1o expectations, after a
cursory examination, the shrinkage is not equal in all divections i the eros see
tlonal plane.  The shrinkage in the radial divection or across the annual rings 18
much less than that in the tavgential divection or alome the annual ringx.  Thus
a guarter orv radial cut board shrinks less in width than o tangential or back eut
board. The reason for this behaviour will be clear trom a consideration of the
structure of the wood. Tt has already been mentioned that in addition to the main
series ol cells, the vessels and flbres, which have {helr axes more or less vortieal
In the RtHI]dIHU‘ tree, there is another set, the rays, which have their axes al right
angles to those of the vessels and fibres. The axes of the rava are more or ] in
a horizontal plare in the stending tree, and they extend in a radial direction.
These rays, whieh durine the scasoning of the timber tend 1o vetain their original
length {7.e., their end shrinkage tends to he negligible), restrain the shrinkage of
the wood in the radial dircetion. Tenee the shrinkage is preater alang the annual
rings than aeross them.

While this dilferential shrinkage in radial and tangential divections does not
at first sight appear to be of prest importance, it has vet a much greater effect
upon the ultimate <hape of a freely shrinking piece of timber than iz generally
recognised. TFor example, a scantling of sqnare cross section tends to shrink to
a rectangular or rhomboeidal form, while hoards other than those cut on the (narter
tend to show a greater or lesser amount of curvalure depending npon the inclina-
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tion of the board Iace to the direetion of the annual rings, Thus when back cut
hoards are produced in a fat state afler seasoning, they have been subjeeted to
arbificial vestraining infHuerees whieh have prevenied the curvature which would
nafurally oceur.

Fig. 1 shows the eficet of differential shrinkage upon the shape of unrestrained
pieces of timber from different positions in the cross section of a log.

EFFECT o DIFFERENCE BETWEEN RADIAL %
TANGENTIAL SHRINKAGE

Fla., |

When it is realised not only thal restraint by the wmedullary rays reduces
shrinkage in a roadial direction and that in the prodoction of a fat tangentially
ent dey board nerial shrinkage mnst in some parls be reduced and i others in-
ereased in the prevention of the natnral fendency to warp, but also that in in-
stances where caschardening is present theve are eonsiderable vaviations in the
shrinkages of different portions of the timber, it 1s not surprising to find that the
shrinkage of any particular picee of timber is not a guantity which can definitely
be stated in any constant terms, and which is dependent entively upon the strue-
ture of the thmber, but is something which ean vary between fably wide limits
according to the freatment received durving the drying process. A simple conflrma-
tion of this ean be obtained by taking a plece of green 12in. x lin. jarrah hoavd,
deying it rapidiy until abont 30 per eent, moisture confent ix reached, then sawing
it into, =ay, three 1%in. x Viin. panels and allowing these to dry under sulficient
restraint (o prevent warping.  Ineidentally when the board veaches 30 per cent,
it s not essential {o resaw lhe whole of the hourd, hut a short length, say, 34in.

long, ent well elear from an end, can he obtained, and sawn info three pieces in-

snch a way as to produce three 1epresentative lengths of panel abont 12in. x Vin,

but only Win. long. Tt will be [ound that when the three panels ave thoroughly
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scasoned, the one ohtained from the centre of the section will be mueh narrower
than the others, and in some cases this difference in width may equal balf an
ineh or more. The reason for the final difference in shrinkage is of course due to
the faet that the external layers of the timber, owing to the rapid drying, set in
8 stretehed eondition as pointed out in the explanation of casehardening. As these
layers are well helow [ibre saturalion point In moisture content, the inside and
outside paneis ean be considered ns two distinet panels of timber hoth of the same
width, but one ncarly dry while the other is =ill above fbre saturation point.
Natuvally the green or inside panel shrinks more than the outside, A forther
experiment is to place a ereen hoard so thal drying from the upper and lowen
faces is uneven. This ean he done by putfing the hoard in such a location that
the upper surlace is exposed to the sun’s rays and the lower swrtace has a eir
culation of air under it. At first the board cups apwanrd owine to the grealer
drying and shrinkage of the exposed face. Affer a while, however, the hoard
straightens und then beecmies coneave downwards,  This is dne to the fact that
the shrinkage of the upper surface was restrained in the early stages by the vest
of the board, so that it =ef in a condition with a shrivkage less than nornal, Un-
even drying of opposite faces of a pieee of limber is thevefore likely to canse
warping, and must be avoided.

Besides varying in ditferent directions and according to the treatment dnring
seasoning, shrinkage also varies from tree to tree ad in different portions of the
same free.  Any figure given for the shrinkage of a timber, for example Jarrah,
15 not of mueh valve npless the figure iz known Lo be the average ol a considerahle
number of pileces and unless the conditions of drving ave kuown.  Maxhuwn and
minirvinm values for any elass of thueher are, of eourse, often of preater value,
but here again is there necessity for a large mumber of observations to provide
figures of valune.

Sometimes in the drving of a picee of wood it wilt be noticed that in the carly
stuges of drying the radially ent surface develops a number of parallel depres-
sions, the whole effect resembline a very ivregnlar washboard.  This condition is
spoken of as “Collapse.”

Collapse is known fo he different from ordinary sindnkage and it has been
suggested that it is due to a falling in of the cell walls when water s removed.  The
cell is eonsidered as being analogons zomewhatl to a eanvas firchose which, when
ol of water, s distended, hut which, when the water v venwoved, collapses to o flat
state. The foree, however, required 1o prodoee the Iailure oF a cell would need to
be very much grealer than the atmosphere pressare responsible for the flattening
of the hose. 1t has been further suggested that this foree is supplied hy the surface
tension of the water. In other words, when water 1% removed from a cell eavity,
which was originally {ully if air eannot enter to lake its place, the water tends still
to fill the lumen of the eell, Sinee the waler cannot expend to any appreciable
extent, to aceomplish this it tends fo dvaw in the cell walls, thus ecausing collapse.
Tt has been estimated that surface tension under favowrable cowditions ean he
responsible for a stress of many hundreds of Tbs. per square inch, =0 thaf it wounld
appear that here is a possible explanaiion for this feature of dreyvine,

On the other hand, it must be rvemembered that the cell must be completely
filled with water for this foree to he exerted. Thus, while this condition of com-
pletelv filled cells = likely to vesult from the high initial woistare content (200
per eent.) of sueh a timber ag the Ameriean Western Red Cedar, from tests on
which the theory was evolved, it mnst be taken into consideration that many of the
timbers affected by collapse have initial moisture contents only as high as 70 per
cent. to 90 per eent, Tn the case of Karrei, one of the Western Australian timbers
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comparalively susceptible to this fault, the inilial moisture content is usually
in the neighbourhood of T0 per eent. or 80 per cent. From a study of density
figures, and the strueturve of the woed, it would appear that the lumen of the cells
of this timber are on au average filled with water to about 50 per cent. only of their
capacity. Unless, thevefore, the Mree water is distributed very unevenly throughout
the cells, some cells or cell types being filled to capacity, others practically empty, it
is difficult to see how the theory of surface fension is applieable.  Since, however,
the rate of moisture transmission in these timhers is comparatively low, and prac-
tically always when seasoning, the outside lavers are well below fibre saturation
point while the centre is still very high in moisture content, the stress producing
collapse might be provided by the externul ecompressive foree on the inner eclls
eaused by the shrinkage of the surfare layers. That shirinkage stresses ecould he
sulficiently greal o preduce this failure of the cell wally seems very prohable.

1t has been mentioned that eollapse is distinet from ovdinary shrinkage. One
ol the most prominent differences between the two types is that shrinkage due to
collapse can in neavly every ease be removed. This is effeeted by subjecling a
collupsed piece of timber to wet steam until il reabsorbs moisture to a sulficient
extent to vaise its moisture content slightly above fibre saturation point, During
this process the thnher swells and the irregnlavities of form due to collapse dis-
appear.  During subsequent drying the washboarding effect does not appear and
the tolal shrinkage to the seasoned state is less than it was originally, Tests have
shipwn that the steaning treatnent perianently removes collapse from a piece of
timber, providing the treatment is earrvied ont when the tiriber has been redueed
To fibre saturation point or below it, Sfeaning above libre satvvation point will not
remove collapse.

Tt haa been siated thal woed eells do not lend to shrink antil all free moisture
has Deen remoeved Erow the eell cavity, Tu the ease of 1he Fuealypts flis econtention
is not correet, for if the hehavionr of a jarrah board, for example, 1= noted, it will
he found that during the early stages there 1s a shrinkase apparently greater than
tan be aceounted for by the Lact that some of the outside eells have fallen helow
fihre saturafion point, and in tending fo shrvink are compressing the remainder of
the board,  There i every reazon to believe that thig initial shrinkage of ISnealypts
is not a trae shrinkage, but 18 due to zome other action. It is generally considered
that this initial shrinkage Is a form of collapse, but while it cerlainly hag features
o commoen with the irvegular shrinkages known by that name, the connection has
not been definilely proved, Oun the other hand, it has been considered By some that
thi= initial shrinkage indicates that the Fuealypts have not a fibre saturation point
like other woods, and that the shrinkuge 1%, therefore, an indiealion that the free
aud combined water hoth commenee to dry out from the inception of seasoning.
Thiz opinion is destruelive rather than construetive, for while it discards the libre
saturation idea whicl explainz many of the featuves of the hehaviowr of the
Euealypts eoqnally as well as with ofher timbers, it provides ne subsiitute,

It it 15 assumed that the shrinkage in the curly stages of dryving indicates the
loss of combined moidare, it would he expeeied that Euealvpls would show im-
provement in their strength properties durine the carly stages of drving. From
determinations of the strength and moistore content relutionships of West Austra-
lian Euealypts, it would appear at first sight that this 13 so, but the increase in
strength 15 probably more appavent than real and due to the standards of
culeniation.  Suppose, for example, a piece of green jarvah lin. sguare is taken
which will support a maximnm load of 13,500 Ibs. in tension. The {ensile stress
as caleulated wonld be 13,500 1bs, per square ineh, 1f this piece were dried down
to fibre saturation point, even although i would =till support no greater load thaa
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13,500 Ibs., if it shrank its appavent strength would inerease, Ior cxample, if it
shrank to 0.91 square inches cross seetional aroes , the ealenlated strength would be
15,000 lbs. per square ineh, although the piece of timber iz actnally no stronger.
Henc(,, it will be seen that any shrinkage, whether it be aecompanied by an actnal
merease in strength or not, will result in an apparvent inercase in strength of the
timber in question, In the case of jarrak, such shrinkuge dala available hag, when
combined with the moisture contenl-strength data, indieated that this inerease in
strength of jarralh with drying above fibre saturution point ix only apparent, and
that the shrinkage, therefore, i3 ocemrring irvespective of any c¢he nge in the
meehanical propertics.  Further evidenee on this question would he very desirable.

As the shrinkage of a picce of wood varies in the length and langential and
radial faces, so also does the rate at which moisture is tvansmitted in different
direetions vary. s would he expecled, cells (ransmit moisture more frecly along
their length than across their breadth, and for this reason drying Trom the trans-
verse end of a piece of timher takes place more readilv than from a lensitudinal
faee.  Untorlunately, except where very short picces of timber are being dried,
advanfage ¢annot be taken of this property: in fact nnder many eircumstances it
beeomes n disadvantage. The tangential face of u pece of timber has, however,
esxposed on it the ends of the tay cells, and as these aseist (he transmission of
moisiure in o radial diveetion, it will nsually e found that under similar con-
ditions the rate of drying of a back cut hoavd will be erveater than that of
quarter cut, for in the latter board water must be fransmitted nervoss the TAYAE
instead of along them.

Partieularly i cases where ends are expesed more than sides, the end drying
of wide boards or heavier timber often resnltz in end cheeking o “popping.”
This iz due to the faet that the celle at the end of he hoard, as a result of dryving,
tend to shrink to a smaller dimension. In this they are vestrained by cells farther
from the end, whieh tend fo foree them o velain their origina! dimension. 1 the
stresses resulling from these two confending forees are ton severe, one or more end
cheels commence, and these, as end drying proceeds, extend for o vaviahle distanee
along the Tength of the hoard, The enre Tov end checking is to pnevent the CXPOSTTE
of ends, or, where such a eourse is insuflicient or impractieable, to coat the ends
with some material which will prevent or greatly reduce end drving.  [Por air
eazoning, paraflin wax is one of the best materials available, but as this must be
applied hot, some substanee such as erude petrolomn jelly, which ean be applied
cold, is usnally used. Tn the kiln, special end paints similar to those suggested later
for the ends of sample boards, are necessary on account of the high temperature,

TESTS TO DETERMINE THE DEGREE OF SEASONING IN ANY PINCHE
OF TIMBER.
Moisture Contend.

Moisture content is defined as the ratio of water to the ratio of dry wool
substance in a plece of wond expressed as » percentage. To defermmine a meisture
content it i therclove necessary fo find out the amount of water present in a piece
of wood and the oven-dry weight of the wood. If then a piece of wood is weighed,
oven-dried and reweizhed, the amount of moisture present is iven by the loss of
weight. Tn practice it is not eronvenient fo dry ouf a whole pieee of wood, =0 a
representative seetion only is taken for the determination.

A fypleal procedure would be as follows :—A seetion about Loin. to in. long
is ent from the plece fo be tested, loose fibres and sawdust arve removed, and it is
weighed on a chemienl halanee or other weighing mechanizsm with an aceuracy of
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97.3 — 87.2 o9r 10.1 grawmes, and the moishuve confent is, therefore, 10.1 aver
372 multiplied by 100, 02 11.6 per eent.  Care must be taken that molstuve con-
tent seetions are weighed Immediately after cutting, for, owing to their show
lengtly, end drying eauses rapid loss of weight. In cufting the section it 15 neces
sary Lo diseard 18in., or with thick material, 2£1., in order that u portion unaffeete:d
by end drying may be selected for the test.
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Sometimes 1t s necessary, in addition to knowing ihe averape moisture cou-
fent of the piece, to find out the moisture content of the outside and eentre. In the
eage of lin. timber this is done by eutting a seetion sboul lin. long with the pre-
canilons mentioned above and then slitting it by {two saw euts parallel fo the orig-
inal bhoard faces into three strips each ahout 4in, thick, Tach of these three
pleces is weighed, dried and reweighed, so thal the moisture percentages of ihe
ontside snd inside can be caleulated. For thiek stoelk the scetion should be eut into
zones, as shown in Fig. 3. In the case of the ounter and intermediate zones, the
two pieces can he weighed together to give an average moisture content determina-
tion of the whole zone.



Casehardening or Prong Test.

A casebardened piece of thuber is popularly kaswn us a piece in which the
outside is harder than the centre ag the result of excessive drying of the surface at
some stage in the sensoning process, Casehavdening is also the name given to a
condition ol stress brought about by too great an initial drying rate, which results
nltinaiely in the eentral portion of the wood being in a state of tension and the
outside in compression. [t is to this latter definition *hat referenee 1s made when
speaking of the caschardening or prong fest, for this test iz devised to detect the
prescaee of these sfresses.

A pieee of caschavdencd wood, although undey the intluence of two sels of
stresses, is in o state of equilibrium,  The presence of ‘he stresses is demonstrated
by upsetting thig siate.  For example, if the central portion of a casehardencd
board is removed the oulside will expand, and if the outside is remwved the centre
will eontract A more speetacular vesult ean, however, be obtained by cotting the
woorl in siueh 4 way that the stresses on oppasite aces of the pieces produced are
diffevent.  IFor example, if a casehavdened hoaid is vipped inte two thinner boards
cach outer face, which was oviginally in compression, will expand and caeh inner
face, which was originally in tension, will contract until eqnilihrimun in each of
the two halves 15 estahlished.  The original outside face of each half will beeome
conves and the contvacled or inside face will be concave, This slitting of a pieee
lte thinner pieees viriwally constitutes a prong lest, although it is wsnally more
eomvenient, exeept tn very thin thmber, fo inerease the nunber of saw ents.

A typieal prong test of a hoard for casehardening would be as follows:—A\
seetion about 4in. long i eut about 2ft. from the end, as for a moistore content
test, and this section iz then slit by twa saw cuts running parallel to the original
board faces. The euts are stopped about 14in. from the end of the section to leave
the three prones thuz formed bound fogether by a piece of woold. The ecentre
prong is broken out and the behavionr of the two ontside prongs noted. 1 fhe
prongs remain straicht or ineline towards or away from one another to a smalt
extent, the timber 1% not casehardened and the stresses present are not sufficient
to he deleterions. [f, however, the prongs nip in and bind on one another, the
timber is cuschavdened.  Casehardened timber during a kiln seasoning process
should he subjected to steaming or high humidity treatwent until a good prong
test is obtained. If a caschardened slate is found i timber which has been tested
as a preliminary to utilisation the fimber should be rejected, noless it s Lo he used
in sueh a way that the presence of casehardening iz immaterial.  Such timber
can he corvected by a steaming process, but as this is usnally a somewhat expensive
procedure onee timber has been unloaded from the kiln, it ix move usual to stack
the timbey for further air seazoning until a sufeient time has passed for the stresses
te Le allevialed. Tig. 2 shews diagrammatieally the average moisture content,
moisture distribution, and caschardening tests.

If & hand =aw iz not available the pronging of a section can be facilitated when
using a hand saw by placing the section on top of a picee of bin. board as a
:-;upp.or{‘ and by entfing both seetion and board, or by maling previously a saw
el in the ¥in. hoard. Tt is sometimes eonvenient, when eutting with a hand saw,
to make the section less than T4in. long.  As drying of the section is not so dele-
terionz ag in the eage of moisture content tests, sueh practice is allowahle, Tor
timher thieker than 1 or 134in. it is n=ual {o increase the number of saw ecuts, for
it is then possille 1o oblain a betier idea of the distribution of stresses. Fig. 3
shows prong Gests of thick steck.

1t is a\hsnlutoly essential when making caschardening tests that the timber
should be in a state of tenporary equilibrinm as Tar as its physical condition is
For example, carehardening tests arve somefimes taken con timber

concerned.

recently removed from a hot kiln. Such fests are worse than useless, for tempera-
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ture effects lead 1o evvoneons ndieations in tve hehaviour of the prongs. 1f a test
1= to be made on hot timber the neecssary lest pleees should be seleeted and allowed
ro cool down before test sections ave eut. LU it is undesivable to return cold test
Pieces to the kiln, short lengths of about 6 or 8 inches ean be cut from them, away
from ends, the fest pleces being veturned Immediately to the kiln: the prong sec-
tlons can be eut from the widdle of the short lengtls after they have eooled. In
oxperimental work in Western Australia it hax been wsual with Jin, timber to allow
24 hours eooling outside the kiln before pronging.  This has heen found io give
consizfent resully, but a shorter period may be sullieient. ]t muost he remembered,
however, that tinder ju the stack coold very much nore slowly than individual
pleces.  In alr seasoning tests, seasoned timber which has become wet and ha-
inereased in moisture in the outside lavers lus often leen found to give a pro-
nounced easehardening prong. In thiz case the condition of the timber could be
corrected by redrying the absorbed moisture. 11 will be scen therefore that, while
the caschahidening test is a very valuahle one, it sl be used with intelligenee or
erroneoiy collelusion may be drawn.

In the early stages of the drying of a picee of wood, when the outside eells
have been dried below fibre saturation point and {he inglde is still very green, the
prongs ol a caschardening test seetion may spread or bend ontwards. This is due
to the faet that the oufside in tendmeg to shrink is in a state of tensjon, while the
instde is ecompressed in opposing this tensile force.  Upon eutfing, the original
faces of the board eontract and cause the opening out of the prongs.  As drying
of a plece of wood proceeds from thiz state, the moisture content of the centre
beeomes lower and shrinkage of this portion lbecomes sppreciable. A state will
then he rcached in which easchardening test will wive sfraivht pronga Thix
usually oceeurs in onc-ineh Jarrah when the moisture confent is between 30 and 40
per cenl, 1T drying of the picce procecds continuously further caschardening tests
will give prongs beginming to nip, this nip inereasing as the timber heeconmes drier
unless prevenlive meagures are taken.

Sometimes a dvy pieee of timber when ent will have opening prongs, A slight
opening is a common feature of air seasoning boards from which moisture abrorbed
by the surface layers ag a resnlt of wetfing has vecently hecen redried. This opening
is not sullicient to indicate an unsalizfactory condition of the timber.  IT, however,
in kiln drying, Leavy reabsorption of mwoisture by the onter layers of the tinher
takes place during a steaming process, subsequent dryving off of this water may

tend to canse shrinkaze of the smface and result in tensile stresses sullicient to
canse a wide divergenre when o sectlon is pronged. Whis iz a very whsatisfactory
condition and is uwsually kuown as “Oversteaming” or “Reversed Stress”  Tf
severe il may have ag deleterious effeets in utilisation as easchardening, with the
additional disadvantage that it is harder to remove. It can be vemoved by pro-
longed sleaming and redrying, but the more economieal method would probably
be to stack for air seasoning until the stress disappeared o a sufficient extent.

A useful practical application of the prong tesé is in a rough deternination
of moisture distribution. Tf a pronged seetion, withoul any of the central prongs
removed, is placed in a warm dry place, further drying and shrinkage of the timber
will oceur. 1f the central pertion is higher than the outside in neisture content,
the central prongs will shrink to a greater exlent, and wice versa. 1f, thercfore,
after drying there is a marked difference between the length of the prongs, it is
an indieation that the moisinre distribution is uneven. Sometimes when the
distribution is uneven in the ounfer lavers the outside prongs will earve, and in
some eases thig ewrvature may be sufficiently great to fracture a prong at its base.
The fact that prongs upon Inriher drying can simulate the casehardening prongs
iz an indieation that in making a easehardening determination the condition of
the prones must be noted soon after cutting, before drying of an nneven woisture
distribution can affeet their shape.




CHAPTER 4,

THE EVAPORATION OF WATER FROM WOQOD.

Before conzidering the evaporation of water from wood it will be advisable
to consider the simple case of evaporalion from the surfaee of water. Take for
example the ease of a boiler, in which {he pressuve is mainfained at atmospherie
and the steam and water are in equilibrinm, that is, no hoiling is tuking place,
The temperature of the water and of the steam will then e 212°F. T1f the water
in the boiler is heated, so that its temperature is raised slightly, some of the water
will be turned into steam. The amount of water evaporated will he in proportion
fo the amount of heat added: in other words for every pound of water evaporated
spproximately 1,000 British Thermal Unils muost he added. {Onc British Thermal
Unit or B.ThT, is the amount of heat required to raise 1 b, of waler 1I"FO Tt
shouid be noted that the 1,000 B.Th.T. are not expended in ralsing the tempera-
ture of the wuter or of the steam, but solely in changing water [rom the liguid
to the gaseous state at the same temperalire. This rantity is therefore called
the heat of vaporisation of water or usnally the latent or hidden heat of steam.

Now suppose thal the pressure in the bofler is raised and maintained at S0INe
higher figure, for example, 20 1bs, gange. The temperature of the steam and water
will now he 208°F. Tf heat is added as belore, water will be evaporated, but the
same proportion ax before will approximately be maintained, namely, 1 1b, of
evaporation per 1,000 B.Th'U, added. Similarly i# the hoiler pressure 18 reduced
and maintained below atmospherie, for example, at slightly below 1 Ib. pressure
absolute, the temperature of the steam and waler will then be ubout 10691, but
approximately the smme evaporation proportion will remain. In other words, it
will require about 1,000 B.Th.U. te evaporate a ponnd of water and no evapora-
tion will take place at this pressure unless the femperature of the waler is ralsed
above 100°F,

It will he seen that for evaporation to take place the temperature of water
must be raised above that of the water vapour in contact with it, and for every
i Ih. of water to he evaporated, approximately 1,000 B.Th.U. must be supplied
to the water to provide the latent heat of the vapour. The fallacy of the idea
that evaporation of water can be continned indefinitely simply by maintaining a
high vacuum will thus be readily appreciated. The effect of the vaenum is simply
to Jower the tempevature at which evaporalion takes nlace,

In these considerations, the water vapour or steam has heen saturated, that
lg, it is in that state in which cooling, however slight, would immediately result
in the commencement. of eondensation. TF the water vapour or sleam i not satur-
ated, i.e., it is superheated, the amount of heat in this superheat is available for
transfer to the waler with consequent cvaporation, until the steam is reduced to
the femperature of the water in a saturated condition. Drying with superheated
steam at atmospheric pressure, while il has been found to have appreciable ad-
vaniages in connection with the drving of some softwoods, results in the employ-
ment of femperatures o high that they ave likely to have a serious delelerions
effect upon timber snch as the Fuealypts, and it is therefove unneeessary to econ-
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gider this method further here, There is, however, another nmethod of evaporation
which fulfils all the requirements enumerated above and this is by replacing the
water vapour in contact with the water, with a mixture of water vapeur and air

Take the case of the hoiler under 1 Ih. pressure absolnte. 1f air is admitted
to the hoiler at atmospherie pressure it will be found that the quantity of air and
water vaponr establish an equilibrivm with one another.  The atmospherie pres-
sure 13 now made up of (wo partial pressures, the one the partial presswe of the
water vapour which remains at 1 1b. per soumare ineh absolute, and the other ihe
partial aiv pressure which wmakes up the balance of the 15 lhs. atmospheric pres-
sure, viv, 14 1bs. per square ineh absolnte.  The guantity of waler vapour present
is the same as it would be i there weve no alr present at all.  1f now the water is
heated, ag soom as its temperature commences to vise, evapovation will take plaee.
The rate of cvaporation will, however, be glower owing fo fhe prescnce of the air
Morcover, as with waler vapour alone, =0 with air, it is not neccssary fo apply
the ‘heat divectly to the water. As the stean was superheated, so ean the air be
heated and by imparting this heat to the water provide the heat for vaporisation.
Sinee the presence of alr complicates matters somewhat it will be advisable betore
going further, to study the rvelationship between water vapour and air.

Consider again the case of the hoiler at 100°F. The pressure of water vapour
in the hoiler at this temperature was stated to be 1 1 per square ineh absolute,
but 1t ean move accuralely be given as 1.93 inches of wierenry where 290.92 inches
represents the height of the haromeler at normal atwmospheric pressnre.  Since
the water vapour and water in the bhoiler arve in equilibriam the gpace above the
water in the beiler has as mueh water vaponr as it can earvy al this temperature.
Now when the air is introduced into the hoiler, the mantity of water vapour
present remains the same, and this quantify ix the maxunwm which the space and
hence the air can cavry at thiz temperature. Thix air 1= then said {o he saturated.
If this saturated air, maintained at atmoespherie pressure iz cooled it will im-
mediately commence to deposit woisture, as dew iz deposited by ecooling of the
atmosphere.  The temperature of satnration i1s therefore said fo he the “Dew
Point.”  On the other hand il this air saturated at 100717 is heated, for example
to 140°, hut iz maintained af aimospherie presanre, the partial pressure due to the
original water vapour will still he 195 inehes.  The vapour pressure of hoiling
waler at a temperature of 0°F. 18, however, D88 ches, and if air were satur-
ated at 140°F. it wordd contain sullieient vaponr to produce this pressure.  Sinee
it eontaing only enough vapour to produes a pressure of 193 inches. 1t 1s said
to he unsaturated, and the degree of saluration s measured by the percentage
reluiionship betw cen the water it does contain and the water it esv contain when
fully saturated. As theze quanfities are proportional i the vapour pressures, in
this ¢ase the percenlage relafionship is 1.93/5.85 x 1001 ov 33 per ceni. This
relationship is called the Felative TTamidily. The term relative humidity iy olten
contracied to “Humidity,” although humidity strictly speaking iz the weight of
water prezent per unit of volume of air.  Obviously safurated air or air at its
dew point at any temperature has 100 per cent. humidity, and thoroughly dry
air 0 per cent. humidity.

Suppose now a quantity of thiz air al I40°F, and 33 per ecent. relative
humidity is taken and passed over water at an initial temperature, for example,
of 140° ¥. Since the air is not saturated, evaporation will take place, purl of the
heat required for the latent heat being supplied by the air and water vapour and
part hy the water so that bolh are cooled, Tf this process of supplying air at
140°F. and 33 per eent, relatlve humidity is continued, the water will fafl in
temperature with a deereasing rate until a eonstant femperature ix reached. Al
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the heat for vaporisation is now heing provided by the air and its moisinve, and
the air besides eooling itself is alsorhing moisture.  [f the air were being eooled
without the ahsorption of moisture, it would become saturated at its dew point,
T60° B, UL it were absorhing moistire without cooling i would Decome saturated
at 1407 . Tu this vondition of spontaneously cooling and ubsorbing meisture il
will become saturated at some temperaluve iulermediate belween the dew point
aml its oviginal temperature.  This intermediate temperature is ealled the Wof
Bulb Temperature, beeanse it 1s measured by the temperature of o thermometer
placed in the alv stream under investigation, the lalb of the (hernometer beiny
mainiained in a wel state. The Wet Bulb temperafwre in the ease quoted above
would he 106° T, Tt will he noted that to ehtain the eorvect Wet Bulb temperature
it I8 necessary lo have a continuous stream of the air over the waler being eon-
sidered. Tn usine a Wet Bulh thermometer, therefore, the precaution mmst he taken
of providing a sulficient eirculation of air past the bulh. For accurate work an sir
veloeity of 15ft. per sveond is necessary, bubt velocities much less than this give
sufficiently acenrate determinations for kiln woerk.

As Helative Humidities and Wes and Dry Bulb temperatures are of eonsid-
ecrable huportance in problems of seasoning, a chart for determining the relation-
ship between (hese faetors ix ineluded at the hack of this Bulletin,

The relative humidity can he determined i the ordinary air (dry bulh)
temperature and etther the wet lulb {emperatnve o the saluration temperature
are known.,

Having considered the evaporation of absolutely free water, it iz now neves-
sary fo study evaporation tfrom the snrface of a pieee of wood. While the uncom-
bined moisture is heing dried from the swuface of a picee of wood, the proe
15 practieally the same ax evaporation rown the surface of water. Thus heat must
be supplied to the weod from unsaturated aiv, and the timber remaing approxi-
wmately at the wet bulb temperature.  Below fihre saturation point an additional
factor enters. Wood has an alfinity for its eombined moisture and must he made
to part with if.  This aflinity increases uz (he moistore contont becomes lower.
Henee in dryiug below the fibre saluration point the temperalure ol the wood
rises ghove the wet bulb, the digerepancy increasing as the moisture content de-
QUL

The features to he noted are fhat to dry a piece of wood it i vecessary Lo
have aiv with a humidity below 100 per eent., and that, the lower the humidity, the
grealer = the diying power of the air and the more rapidly does diving frem the
snrface proceed.

Circulation,

[t & gnantity ol musaturated air is allowed to remain i contaet with a pieec
of ercen wood, 1t will take up moisture from the wood until it is saturated. Dry-
ing from the wood will then cease, aud before i ean be recowanenced, providing
ne heat is available from outside sourees, it will he necessary to remove the
saturated air and substitute a fresh supply ol ungaturaled air.  In other words,
for deying to he centinuons there must be a eiveulafion of air over the surface
of the piece of wood, To obtain zome idea of the magnitude of (he cireulation

which 1g neeessary, the example can be taken of air at 140° I and 33 per eent.

humidity. This air, as mentioned above, ean supply heat for vaporisation until
it 1z cooled to its Wet Bulb temperature. To snpply the heat veaunived o vaporise
1 1b. of waler (approx. 1,000 B.Th.T.) wounld require nearly 2,000 eubic ft. of
this air.  Moreover, while it would be desivable for maxinum thermal efficiency
to utilize the air until it were saturated, in actual practice only in some cases ean
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this ideal be closely approached, so that generally the quantity of air required at
140° K. and 33 per cent. relative humidity would be far greater than 2,000 cub. It
It will, therefore, be vealised that ecivenlation is a most important factor in atmo-
spherie drying,

Temperature and Humidity.

The conditions neeessary for dryving of the surface of a piece of wood to
commmenece and to continue have been studied. It has also been shown, when eon-
sidering the transmission of moistnre from the centre to the surtace, that for the
dryving rate of the picee as a whole to be a maxhmum, the deying vate of the sur-
face must be eontrolled, =0 that 1t does nof exceed the rate at which meisture can
he forwarded from the eentre. The guestion ol the method wherchy the smface
drying can be controlled now arises,

Previous mention hag heen made of the lact that in drying below fibre satura-
tion point wood shows a grealer disposition to retain its moisture, and more severe
conditions are necessary in ovder fo etfeet drying.  This affinity of wood for
moisture 1% called “hyverozeopicity,” and is a property by no means restricted to
wood alone. The dampuess of sugar and connnon salt, and the clamminess of
cotton goods when the atmesphere 1g very moist, are all evidences of this property.
If a pieee of wood of moisture econtenl slightly helow fibrve saturation point is
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From Bulletin 1136, T.5.A. Department of Agriculture.
Relalion between the moisture in wood and the relative humidity in the surrounding
atmosphere at three temperatures. Solid lines are based on actual data.

Fig. 4.

piaced in a eloxed container lled with dry air, under suitable temperature eon-
ditions, some of the moistire in the wood will he evaporated and will pass into
the air. 1f, on the olher hand, a piece of thoroughly dry woeod is placed in a
éonfainer full of moist air, the wood will absorh moisture from the atr. Tn other
words, woed and air share their moistuee according to their relative moisture eori-



tents wnd theiv relative atfinities. Tor example, aiv at 70 F. and 50 pee cent. relative
humidity will balance with wood ai approximately 10 per cent. moisture content,
Temperature is & complieating lactor, for, if the relative humidity is kepl constant
but the temperature is inereased to some bigher Bgure, the moisture conlent of
wood which is at halauce with these new conditions will he lower, Fig 4 shows
how teniperature, relative lnunidity, and the moistire confent of wood are related.
It will be noted that hy inereasing the relative humidity at ALY given teimperature
the balavee moisture content of the wood, ov the moeisture edutent at which it ean
be dried wnder those conditions, is raised, and by lowering Ihumidity st the given
femprerature, the balinee moisture content of fthe wood is lowered. Henee it is
possible by regulaling temperatnre and idity fo eontrol the moisture content
to whieh the sneface can he dreied.

Lewmperalwre.

Besides having an eifect upon the halanee moistute confent of wood, tenpera-
ture has another very huporiant effect upon the vate of seasond Ax the tem-
perature ix inereased. timber hecomes mueh more plastic. 1t is for this reason
that material to be bt is leated by steaming or beiling,  From the seasoning
standpoint, the importonee of the property iz due to the fact that wood in its more
plastic condition transmils moisture more freely, and so allows the moisture to be
condueted from the centre o the surtace at o greater vate.  Other things being
equal, therefore, the higher the temperatuve, the more rapidly the seasoning ean
be effeeted.

1%

There are, however, lmits (o which the lemperature ol wond ean be raised.
Ire rome timbers, the limit 35 imposed largely by the femperaiure at which de-
struetion off =ome of the constituents ol the timber cammenees, but in the rese of
the Fwealvpls other Cactors impose a temperature Far below this.  1n lhe fest
place, at high temperatures the acenraey with which the drying quality ol the air
ean be controlled i= deereased, and secondly, high tewsperatures have a very pro-
nounced cifect apon collapsc.  Collapse, as previously mentioned, is explained as
being dne to some external or internal foree cansing falline in of the eells, when
the free water is heing removed. 11 3= obvious that, i this is the case, the process
of making the wood plastic, besides having the desirable effeel of increasing the
possible rate of seasoning, will also have the deleterious effect of inereasing the
tendency to eollapse. This propecty then mav be the decilding facter in fixing
the temporature ot which deving of the timber is to fake place.

The Three Fssentials of Drying Control.

Now that the various factors influencing drying have been cousidered, the
destralle conditions Lo the drving of a picee of wood can he studied. Tt has been
pointed out {hat in the eavly stages of deving, while the (imber iz ahove fibre
saturation point, the vate of drving must be yetarded, s0 as fo he comparable with
the maximum rate at whiel molstore enn he ivansmitted from the centre, While in
the later stages, partienlarvly when fhe neeessary seasoning has nearved completion,
drying eonditions must he made more severe, to overcome the affinity of the wood
for moisture. The rate of drving af any given femperature, in the early siages,
ix rvetarded by lumiting the awmount of heat which is available for evaporating
moisture from the timber.  This lmitation of available heat may he hrought about
in two ways, Tirstly, the sorface of the timher may be supplied with a small
quantity of air at comparatively low relntive humidity. This method will have
the chviouy disadvantage that it is posaible for surface to be dried to an extent
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Tar below that desirable. A fovther practieal disadvantiage is the diffienlty of
controlling a fow eivenlation within fhe desived Hmits. The second Tnethod wouid
he to supply a laree quantity of alr with a low dryine power, that is, a high rela-
tive bumidity. Owing to the high bhwnidily, the moisture content at the surface
of the timber cannot fall far Lelow libre saturation point, for the balance moisture
content for these conditions will be in the neichbourhood of 20 or 25 per cent.
unless the temperature is very high.  I[ the quaniity of aiv i veduced by, suy,
25 per cent, the rate of deving will not he greatly wetavded, while if the rate of
air eirelation is greatly inereased, the vate of drving wilt Lo all intents and pur-
poses remain wnaltered, for it will depend upon the ate of transmission from the
contre. By the wse of a high humidity, therefore, the drving in the early slages
can readily he sontrolled.

Althoughk below fibre saturation puint the deying rale = very much lower
than zhove, the problem ot drying is comparatively simple. Uroviding drying in

N

the earlier stages has heen satis whory, relative hnidities eonsiderably below the
kel do not result in serious stresses in the fimber, and it 15 usual to take advantave
of this, by employing comparatively dry air and zedocing the cireulation, with
consequent heat economy.

For the best dryving eonditions throughout the seasoning uperntions, it is {heve-
fore essential that temperative, relafive humidity, anl cireulation must be nnder
confrol.

The question now areises, “How tar are theso voncitions fulfilled in  air
seasoning 7

The wtmospheric Ltemperatire i the vicinity of Perth varvies from 40° K. to
U0° F., althongh oecasionally this range is oveseded. Moreuver, it is not un-
common for the relative huinidity (0 he as low as 20 per eent. and as high as 100
per cent.  Often the low temperature is associaled with the high Lumidity and
the high temperature with the low humidity,  The drying quality of the air there-
fore varies Indiseriminately from nothing to a very high Heure, The civenlation
of the air wmay vary from that resulting from a wind veloeily of G0 miles per hour
or more, to sere when the aiv is still, and this variation i= more or less independent
of the temperatare, and humidity. Drying condition in the open alr musl there
fore be regarded as very haphazard.

Unless due precautions arve taken, tinber s likely to be subjected to very
severc drying condilions while the timber is still eomparatively green; and in
material other than qrarter ent or narrow boards the thrinkage stresses may cause
very deleterious eracking sand warping. Fven if dangerous (drying eonditions do
not gecur, the timber will be subjecled to hoth short and long periods of idleness
when temperatures and rates of air movement are too low, or relative hunidities
too high for drying o proceed, The time of drying iz therefore unduly prolonged,
and expecially in the ense of (hicker stock this inercase: the hazard of eneonnlering
in moistire vontent

severe drying econditions before the thuher ia sulliciently low
to withsiand them,

The extent to which the aiv seasening of local timbers ean b made satisfactory
by suitable precauntions will net be known nntil frother invesfigation has heen
carvied cut, but data new available indieates that thorough dryving by air seasoning
alone ol wide boards and thicker sizes is likely to he . proecedure sulliciently costly
o wanrant the seaveh [or a hetier methed.  Since the variations of the atmosphere
do not provide satisfaciory deving eonditions, # is not surprising to fAnd that
attempts have heen made Lo place timber in a chamber insnlated from the outside
#ir, and {o veprodiuce in this chamber conditions ideal for seasoning,  This is what

I
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Kiln drying amounts to, for a kiln is merely » room with special and more or less
eflective provision for the contral of tempervature, velative humidity, and cireula-
tion.

Loy theoretical purposes kilng may he divided into three classes,
the pressuve al whieh they are operated i —

according to

(e Kilns below stinospherie pressure,
(b) Kilng at atwospheric pressure,
(e) Kilns above atmoespheric

1'¢.

in the cagse of Lilns below atmospheric Pressure, or vacuurn kilus, it has
already becn pointed out that low pregsure alone cannot cause drying, and that the
heat reguired for the deving process must still he supplied to the timber. In the
case ot a small experimental ki of this type the yuantify of heat required for
evaperation enn, usuaily without diftieulty, be supplicd to the timber by radiation
from the walls ol the ehamber, and by o suitable disposition of heating clements.
With the design ol o commereial unit, the problem Lesomes mueh wore diffeult,
For eeonomival working, u laree quantity of tinber must he stacked in esch vharee,
but sinee woorll iy a fair sulator and will, therefore, not vonduet sullicient heat
trom board to hoavd, and sinee the disposition of heating elements for the supply
of heat by vadiallon to each bhonvd s not now ceononiieally possible, other means
must be employed.  The azual method is to conver the hoat to cach hoard by
means ol the wis Glling the kiln chamber, and this sas is largely water vapour
with a small adwixtuve of air. It has Deen pointed ou! that with air at atmospherie
pressure heated from a saturated condition at 100° F. to 140° F. aearly 2,000
enb, fi. arve required in order that the ale and vapour in cooling to the Wet Bulb
temperature 106" B niy provide suflicient lieal for the evaporation of 1 Ib. of
waler. 1 the ease of a kiin working below atmospherie pressure filled with water
vaponr alone, with a vacuun: of 276 inches comespandiug to 2 hoiling temperature
of water of 1067 1. iy taken, then the quantity of waier vapour superheated from
1067 10 Lo 140° B required 1o evaporsie 1 1h. of water will Le 23,000 cub. ft. The
guestion of ¢ireulation in a vaeuum kiln therefore hecomes a very serlous problen,
and this, together with the additiona) eost of constriction eonseruent npon the
difference in pressure hetween the inside and outside of the kiln, has up to the
present militated against the commercial suceess of this type of kiln. Thus it is
that proposals for the exploitation of vacuwm kilns, whieh ou paper and on ag
experimental seale appear sueh excellent propositions, wsnally become a sink for
money when commercial aperations ave commenced,

It may be mentioned in passing that the difficulty of conditeting heat to the
timber can be overcome by operating a kiln partially under atmospheric pressure
and partially under & vacunm, The timber s heated at atmospheric pressure, or
sometimes above atmespherie pressuve, and iz dried antil cool under a vieuu,
the provess beiny repeated until the lmber is ab the desived moisture content,
Such Kilns have proved seientifically snceesstul althongh they have not survived
eommercially, hut the process has a commereial practioal applieation in the stoam-
ing and vacunm treafinent which is given timber as a preliminary to pressure
process of timber impregnation for preservation, although the treatment in this
case is usually carvied oul for a different purpose.

While drying above atwospherie progsuve also has undoubied advinitages,
these are offsct, as in the caze of drying helow atmospherie pressure by the cost
of eoustruction and operation, so that this type of kiln has not yet proved a com-
mereial snecess, The only class of drying, to which further consideration will he
given in this book, is drying with the atmosplere modified only as regards tem-
perature and relative humidity.
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CHAPTER 5,

THE TIMBER SEASONING KILN—TYPES AND
CONSTRUCTION.

A timber seasoning kiln has been defined as a chamber, in whick provision is
made for the control of temperature, relative humidity, and civenlation. According
to the degree of control which can be exereised over these three essentialg, so, in
any kiln, will vary, the pertection with which the drvying process can he carried out.
In theory, eomplele control is desivable; in practice, it involves foo high a eost of
construetion and operation, so that it is necessavy to sacrifice delicacy of contro)
of some ov all of the essentials in ovder to hring kiln drying within the realm of
commercial possibility. Differences in the manner in which and the extent to which
thig sacrifice is made result in the many different types of dry kilus. With more
easily seasoned timbers, kilus of a comparatively crode type arve possible, although
often not the best commercial proposition; but with the move vefractory timbers, a
clags to which the Fuealypts of this Stale belong, too great a saerifi=» of delicacy
of control to initial and cpevating cost will, by the low quality of the seasoned
prodiet, soon be proved a Talse economy.

Kilns may be divided into two main elasses, the progressive and the compart-
went kiln. The former i really a long tunnel, in which eonditions vary from a
very moderaie drying atmosphere at one end to severe dryine atmosphere at the
other, Conditions in the kiln as a whole, that is at any one point, remain approxi-
mately eonstant. The timber enters, in its green slate at the moderate end, and is
moved progressively through the kiln by a series of stages, into sevever and severer
conditions, until it ultimately emerges dry at the lottest and dviest end of the
kiln. Drying eannot be contiolled as acenrately as in a compartment kiln, so that
this type is used for the more easily seasoned timbers. Reeent innovations in the
control of eirculation by the inclusion of a multi-dise fan shaft have improved this
type ol kiln eonsiderably, and it is possible that it would he eapable of drying the
less refractory Eucalypts.

The progressive kiln must be operated at full capacity for good results, and sinece
the supply of fimber must be approximately constant both as fo eross scelional
dimensions and length, it is certain that under present milling conditions in this
Btate a sufficient quantity of timber would not be available for the snecessful
operation of this type of drier; and as milling units are tending to deereasc in size,
further eonsideration of this type is not warranted.

In the eompartment kiln the timber remains stationary, while the drying
condifions are varied from time to time. Compartment kilng can he designed to
take small or large quantities of timber; and for very large quantities, a battery
of a number of kilns ean be builf.  Asg the kilns can he designed to take zpecified
lengths, or sufficiently long to take a stack made up of random lengths, they are
sunitable for Western Anstralian conditions. Control can be made more delicate
than it is in progressive kilns, and they are therefore used for the more refractory
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havdwoods.  For the hest results, timber of the one species and thickness only
should be ineluded in the one charge, hut under especial civcumstances mixed
charges are often practicable,
It i3 possible 1o differentiafe wodern types of eompartment kilng info two
pin seclions -
{2) External eireulation kilns.

(b)Y Internal eivculation lkilus,

In the Lormer {ype, fresh air is taken from outside the kiln, it is heated and
hinnidifled 1f necessary, and ufter passing through the timber stacks to perform
its dryving duty, it 15 diseharged again into the atmosphere.  OFften in order fo
reduce heat losses, and provide meisture to raise the humidity of the inlet air, some
of the aiv which has passed through the stacks is veturned and mixed with the
fresh air entering the kiln. Howetimes the relative hwmidity of the inlet air is
raised by injecting sleam from a perforated pipe. In an external eireulation
Eiln, the air mevement may be the result of eonveetion eurrents, in which case
the kiln ix fermed a natursl eiveulation or ventilated kiln, or a motive foree may
be supplicd by mneans of a fan or blower situated either internally or exiernally
with respect to the drying ¢hamber, and in this ease, the kiln-is deseribed as a
Blower or Fan kiln, these tvpes sometimes being grouped in the name of FHorced
Praught kiln.

Tu the ease of the Internal Cirenlation kiln, the same air ¢reulates continnally
inside the kiln, and its drving enality s eontrolled as requived by a variety of
deviees.  This type can also be divided according to the method of providing the
circulation, into natural cireulation, and forced dvaught kilng, although since some
of the most importaut kilns are neither one nor the other hnt a mixture of the
fwo, il is more nsual fo elassify aceording lo distinetive features of the varions
desigms,

Clagsifications of kilns are not altogether praetical, for some of the most
important types of kilns either cover several classes, or clse have little in common
with others of the class to which they balong. The clazsification must therefore
be regarded merely as giving an indication of the general lines along whieh kiln
desigr has been developed. The number of ditferent types of kilns, whieh are
likely to prove of special value where local timbers are coneerned, iz compara-
tively small, and it will ke more profitable to consider fully these types alone, than
to study the whole range.

The Tiewmann Water Sproay Humidity Regnlated Kiln.

This type is of partienlar inferest in thiz State, for it was in experimenfal
Lilng of this design that rapid geasoning tests with a modern kiln were first com-
meneed here in 1818, On aceonnt of the positive control, the kiln was used lor
experiments on the vapid deving of Jarvah, Warri, Toart, and to a lesser cxtent
of some of the minor timbers. OF ihe few ecommerelnl kilns at present being
operated in Western Anstralin, all but one baltery are of this type.

The general desien of this kiln iz shown from the diagramatic cross seclion,
Iig. >
T TT are the sincks of timher in the kiln.
RI? are the radialor pipes or healing coils for hesting the eiveulating air,
58 are water spravs delivered from spray nozzles pointing down the spray
chamber. : _
S to D arve the gpray chambers which are boavded off from the vest of
the kiln.
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DD are drains at the fool of the spray chambers for removing water alfer

it has passed through the spravs.

B are baifles ov eliminators which conneet the botion of the spray chamber

with the rest of the kiln.
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LL are pipes for admitling live steam to the kiln; they uare perforated

with the holes pointing down the zpray ehamber.

F is a centre flue between the stacks.

€C are eurlaing which prevent air movement from the eentre flue F o the
spray chamber without passing through the stacks. -




iy Circulation.,

The air ig heated by the steamn cotls B and passes upwards into the ilue 1
Froni F it passes downwards and outwards through the stacks, and then down-
wards info the spray ehamber on either side. [n moving down inside the spray
chamber, the air is saturated wilh moisture by the sprays, which also materially
assist the eirculation. The ajv then passes from the boitom of the spray chamber
in a generally horizontal direetion through the baffles. These eliminate any fine
drops of water, whieh in the form of a mist mixed with the air, might mean the
cquvalent of a snper-saturated condition. The saturated air then passes up-
wards through the heating eoils and ecommences another eyele.

1t will be noted that—

{a) the same aiv i3 nsed continually and the kilp s therefore of the internal
cireulation type,

(b)) the air civewlation is & combinatien of natural and foreed. The general
disposition of the (imber and the heating eoils ix such that the timber tends natur-
ally to eirculate as outlined sheve, while the sprays assist this tendeney. Par-
tienlar atlention shonld be paid to the fact that the timber is so stacked that in
pugsing over the wood the civenlation is downwards as well ug ontwards. Since
aily which is cooling so that it aan =upply the heat to abgorb moisture, will beeome
heavier, ity natural lendeney will he fo move downwards, ~ By sloping the stack,
advantoge of thix property is taken (o asstst the nataral eivenlation.

Temperature and Relative Humidily,

To mewsure the relative humidity of air, it is requived to know its dvy bulb
temperature and either its wel bl temperatare or the femperature at which
it is saturaied. TIn the Tiemann kilng, since the air iz satmvated before it is heated
by the radiators, the velative humidity can be found hy taking the temperatures
of the air lenving the haffles and the healing coils.  Supposing, for cxample, the
air upon leaving the baffies is satnrated alb 100dee, T. and upon leaving the
heating coils the temperature iz [10deg. T, then the relative humidity will he
Td per cent. (wee PH.\‘(‘-hl‘mll('h‘il‘ Chart).  The lemperature at which the air
emerees saturated (rom the Laffles can ke contvolled by varying the tempcm’mr
of the water delivered to lhe sprave, while the femperature lo which the air is
heated by the coils can he 19“11]([1,('(1 by the amount of steam which is admitted
io these heating elements.  The temperature and relative humidily are, therefore,
under the absolute control of the operator.

A normal feature of the desizn of the kiln is a sexles of two scis of condenser
pines along cach side wall just ahove the spray chamber, (These are not shown
in the diagram.) In the later stages of the run, accurate control of relative
Lwmidity and high eireulation are not necessacy, and by oper ating the condensers
The kiln then beeomes a condenser kiln,
Clon-

tnstead of spravs economy s effected.
with a slower eirenlation, and consequent econowmy in heal consumption.
densers have not been adopted in thiy State owing to the general shorfage of cold
water, Fut eivenlation is somelimes reduced towards the end of the run by redueing
the pressnre of the spray water.

Sometimes instead of being stacked on the zlope, as shown in the diagram,
the timber in a Tiemann kiln is stacked on the fat. Tn order to provide in fhis
cnse for the downward cireulation as the air proeceds through the stack, an edge
to edge space of 1 fo 2 inches, according to the width of the timber being dried,
iz loft between boards. The air then passes onfwards along a laver of
timher downwards to the next layer, outwards again and then downwards
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until by this stepped path the spray side of the staek is rveached. Wherlir
stacking s on the slope or on the Hat, the width of the stack is the same four feer,
5o that inelined stacking results in a a]lnhtl - greater kil eapacity. s disadvan-
tage, of course, is in the handling of the *nnher for where the Toaded kiln truck
has to be moved a eonsiderable disiance, c}vlmnmtmu of the stack Is likely. The
staek slope should be made as great as poseible, althongh L in 7 is usually the
Iimiting figure it the stack is to be moved, '

It will be noted thet in this type of kiln the eirculation is carefully arranged,
whiie the temperature and velative humidity ave wnder delicale control, 1t is not
surprising to find, therefore, that drying in this kiln is mere acenrately controlled
than in any other and that the kilu is snitable for the most velractory timbers,

Delails of Construction of the Tiemene Kiln,

The kiln buildings can he made ol wood, brick, conerele, or other wmaterial
of construetion, the desirable features beipng hcmlom from airv leakuge, and heat
msulalion.  Wood frame construction has been adopted in Western Anstealia and
Lins been found very satisfuctovy.

The eross seetional dimensions of the kiln are standard and the internal meas-
arements of the chamber are 130 wide and 140t high., This makes provisioo
for two stacks 40t wide and 8ft. high.  The kiln can be made of anv length,
olihiough under Western Australian conditions there is probably little advantage
i execeding 33 or 40 feet. 1 greater eapacity is required than can he obtained
by this lengtl, the nunber of kilns ¢an be inerveased and this then permits the dry-
ing of two or more gizes af once. TIn lixing the length of the kiln, it can either
be made sueh ag to take one ov more specified lengths or else random lenoths,
aecording to the purposze for which it is intended.

The wall construction ean eonsist of a frameworl of dry jarraly, 1 x 3 studs
giving a substantial sivuetnre, while the inside wall sheathing can be lin. T. and (1,
Jarrah, with lin. T. and (. or weatherhoard for the outside sheathing, the lalier
being used if cheaper construetion is desirable. An exeellent building ean be
made by lining hoth sides of the studs first with single-ply roofing felt. The teh
then makes thg kiln air-tight while the sheathing provides the heat ingulation. In
thiz case sceond quality timber ean advantageously be used for hoth inside and
outside sheathing, and sinee this class of material uwsually has a very low value
compared with fivst cquality at most kiln sites, the saving in timber sheathing may
more than eover the cost of the felt lining. 1 desived, on exposed walls where
T. and G. timber ts uged, the roofling felt may be placed outzide the wooden sheath-
j instead of inside, in order to protect the wood from the weather, Narrow
T. and G. is best for sheathing, and it must be thoronghly seasoned and donble
pailed. It is to be noted also that the ordinary building eomtrueﬁn:u practice of
vsnge green timber for framing must be varied in lavour of thoroughly seagona:l
Jarrah for this work. 'The celling is made of Jin. T. and G. on Jarrah joists,
roofing felt heing nsed under the same eonditions as for the walls, and the culmf_ﬂ‘
i5 packed far § inches or to the top of the jolsts with sawdust, Tt may be men-
tioned that in eold countries steani-heated ceiling coils are used to prevent con-
densation on the eeiling, bul if 1the eoiling s well insulated with sawdust sueh
a precantion, here, s unnecessary.

With suitable drainage the Moor can be made ol rough but dvy 1iu. hoards,
covered with 2-ply felf. If, however, suitable drainage capnot be arranged, a conerate
hazenent 15 necessary Lo ]W('\'L'llf the upsetting of the humidity cenlrol by water
leakage on to the Aeor of the kiln, The Hoor shonld be laid with mmple slope
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towards the spray chamber drains which should he at least Sin, decp at the shallow
end, Tndl width of the spray chamber and laid with a £2ll of at least 1in. in 100t
Spray chamber drains discharge to the onlxide of the kiln through a water seal
to prevent atr leaks. The bafies are mude in seclions of dressed lin. Jarr i
fastened with brass serews. They should make reasonably air-fight joints with
the spray ehamber, but should not be fastened in place in order to be removable
for cleaning and sepair.  In constroction care should be laken that the trough
nortions are not watertight, as water is likely to colleet here and reduee the e
ciency of the baflles. [t is advisable to raise the bafles about Y4in. off the kiln
Necr Lo allow fHoor drainage to veach the spray chamber drains, The slieathing
on either stde of ench spray chamber is T. and 1 Jareabh laid vertieallv. This
shealthing minst be of green narvow T, and (. well nailed, or trouble will he ex-
pevienced. In placing the storey posts {o earey the rails, care must be tnkt‘u that
these do nof interfere seriously with the civenlation, or the disposition of the heat-
ing pipes. Well insudated air-tight inspeetion doors must be provided opposite
ench stack at one end of the kiln and in both side walls al the eentre of 1he kiln,
Loeading doors of sulficient width and extebding [rom the rail level to the ceiline
are provided at one end of the kiln. Two wocden doors, well insulated, elosing on
a cenfral removable stop stud are satisfaclory, although more elaborate door sys-
fems are available and arc perbaps warranted in a battery of kilns.

Heaiilig Coils.

With steam at 60lhs, pressure, Lour sets of coils each of seven 1%in. pipes
are recommended, two sets to cach side of the kiln. If the pressure of the steam
is higher or lower, the number of pipes may be deereased or inerensed respoe-
tively,  An cquivalent number of 1in. pipes may be used lor kilng 3( or less
in length.  The coils must e of the continuous return bend type and showld be
made of the best wroughl ivon steam pipe. The bends arve preferably wrousht
irgn deuble bends, altheugh malleable east double bends may have to be sub-
stituted in order to muake the coils small enough for the kiln., The use of Lwo
albaws instead of a double bend must be avoided. Tn aszembling the eoils, 21l
pipes should be freed of internal seale, rust, ele,, and joints should be earefully
made, preferably ivon to iron, although red lead may be used with care. DPre-
canfions taken to seenre well huill coils are amply repaid, lor once a leak
develops ifs repair iz oflen a costly matter owing to the construction and plase-
ment of the coils. Instead of fonr sefs of seven-pipe coils, an arrangement eiving,
for example, 4 fAve-pipe and a nine-pipe ¢oil on cach gide of the kiln can be made.
The five-pipe eoil would be the upper eoil on each gide. With this method, in the
early stages of the run when the steam consumption iz small, steam can he ad-
mitied to the two top five-pipe coils alone, with a consequent more even distribu-
tien of heat thronghout the eoil than woeuld be the ease with a larger eoil.

Coils should be Iaid eontinunonsly to drain, and the drain end of cach pair
of coils, 4.e., the two npper and the two lower eoils, should be provided with a
globe valve econnected with & stemin trap. Where the number of pipes in the
upper and lower pairs of coils is the same, both pairs may he drained throngh a
single trap, bat where it differs two traps are required to prevent starving of
the larger eoil. Aecording to the tvpe of trap, provision should he made for it
te he a sullivient distanee below the hottom of the eoils to discharge properly.
Although iraps have usually a provision for discharging air when operation eom-
mences, a separate by-pass to air on the drain line, before the trap is reached,
is recommended. This is an advantage, when freeing coils of waier and alr when
they are being brought into use, or when cleaning therm of extraneous matter.
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The upper and lower pairs of coilz are provided with globe valves al the
supply end, and these are fed from a single pipe controlled by a femperaturs
regulating valve, which is preceded on the supply xide by a glole valve as a stop
valve. Bends are, where possible, preferable to elhows, and ample provision
should be made by unions for the removal of defcetive valves and other fittings.

Steam Jets.

At the top of the sprav ehambers, pipes, which ave for steaming the timber
to heat up at the beginning of the run, and lor removing casehardening during
and at the end of the run, are wrought iron steam pipes pevtorated with Vin.
holes about every cight or nine inches. Tin. pipe iz used for kilns up to 30 feef,
and 13in. pipe over this. The steaming pipes arve fed from one end, the other
end being eapped. The supply lines to the two pipes are led through a singzle
rulve which 1s eonnected on the supply side of the temperature regulating valve.
IT exhanst or low pressure steam is used for the heafing eoils, a diveet high
presgure line from the boiler 1z necessary for the steam jet,  Lower pressure
steam ean In emergency he uged It provision is made lor ite proper introduction
into the kilo,

Water Spray System.

The sprays are placed every 12 inches along the top of the spray chamber.
The spray heads used in experimental work in this State have been the all hrass
“Vermorel” type of horticultural spray. While these have been satisfactory,
their somewhat complicated construction makes the cost of maintenanee com-
paratively high, when corvosion is at all prevalent. Tn Vieteria, a mueh simpler
tvpe of spray has been found nwre salisfactory. [t eonslsts of a small vortex
chamber tangentially fed, the spray outlet being at right angles Lo the inlet arul
st the centre of the vortex. The spray is all brass and ean either be cleaned
throngh the outlet by means of a pin, or in eases of bad blockage by removin
the top of the vortex chamber. There are many other types of sprays which give
sacisfactory results, but owing fo the absence of test data to show the relafive
efficiency of the various types, the spray mentioned above as being nsed in
Victoria is recommended,

The spray heads are eounecefed to Viin. brasg or copper bends, and these ave
connected to the spray feed line by Yhin. to Viin. iron bushings, tees redueing
to i4in. being used on the feed line. It hag been found that in the spray system
corrosion of the iron 1s moest serious at the junetion of brass and iron. By using
a brass bend and an iron bushing, the loss through ecorrosion is small, for the
part destroved, the bushing, is of zmall cost and can be replaced with ease, The
sprav heads should point vertically down and should be aligned along the centre
of the spray chamber. The pressure of spray water should be 50 or G0 ths. per
square ineh and at this presswre each spray will deliver 3 or 4 1bs. of water per
minute when new. Tt is advisable, llowever, in determnining pump and pipe sizes
to allow olbs. of water per minnte per spray head as the orifices and workiny
parls of these become worn and deliver an inereaging quantity of water.

Owing to the difficulty of keeping the spray water elean of all extraneous
matter, sprays from time to time beeome choked and il is necessary to make pro-
vision for their inspection and cleaning. Ope method is to inspect the sprays from
small inspection windows in the ends of the kilns while a light is chined along the
top of the spray chamtber. Defective sprays ave attended by entering the kiln and
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removing the ohstrieticn, or it this cannoi veadily he aceorplished, Ly replacing
the spray head with & spave, a number of which should be kept in stoek.  With this
method, easity opened hut aiv-tight inspeetion doors must be provided, and these
must be fastened with a lateh which can be operated from the inside, so that
attendants eannot be locked in,  In addition to external visnal inspeclion, spray
heads should be inspected Erom inside the kil at least onee every day.

As conditions inside the kiln ave mnpleasant Irom the standpost of Lodily
comlort, it is considered by some to be more satislactory (o provide for kiln iu-
spection without enlering the Kiln.  This is done by building small porls af regular
intervals along the sides of the kiln just above ihe spray chamber, so that a hand
can he inserted {o defect by the Leel of the spray delivery whether each spray head
s operating and free, ov remove and replace defeetive heads, In 2 battery of kiluz,
this mecessitates the duplication of party walls to provide the inspedion passage
between kil Whichever method s wsed, it iz advizable to have a quarter-inch
pipe =upplicd by s valve from a spray waler main, at some eonveient position
oulside the kiin, in ovder that spray heads may be tested belore installaiion,

In caleulating the size of the spray pipe ling, tull allowanee shonld be made
for the Iriction etieet of the nwmerous spray supply reducinyg tees. The pipe line
should be eentre Ted, and Lor o kiln up Lo 30 or 35 1. in length 1Vin. pipe is sut-
able, hut above this 17win, pipe should be used.  Instead of heing plugged at cach

end, the spray lines are conlinned through the two ends of the kiln, turned down
and provided with blow-ofl cocks, By opening these in tuen aboul enee in every
24 hours the spray pipes ean be Uushed oul to remove extrancous matber.

Where one kiln alone 35 to be considered the temperature ol ths spray water
can be controlled by means of a sump orv well provided with vetur:. water inlet
trom the spiay chambers, cold waler inlet, and a sleam healing pipe. The waler,
after leaving the sprays, falts to the bottom of the spray chamber and retuwns to
the sy, 11 the temperature of the retwmn water is too low, it is all returned to
the smp and reheated.  1f it s too lugh, some of the water is bypassed Lo waste

or eooting tower, thal retwrned being cooled in the sump by the addition of eold
waber and recivenlated,  As a lovge quantity of cold water is nsvalls difliculs to
oblain on Western Auwstralian mills, a cooling tower will probably be needed in
most plants. Where o battery of kilng Is to be snpplied, 1t iz advigable to instal
a two-mgin or threcruain svsten,

[n the two-mnin system, the supply for each kiln iz obtained through an auto-
natie mixing valve fed iy eold water and veciveulating water main,  The mixing
vilve should be inslalled Dhetween untons and hypassed by each main so that it ean
he removed if necessavy.  Either main shonld be of such a size that alone it can
provide the full water supply, while inlets and discharee for the water mixer should
he ull size of the swpray line supply. The three-main gvstem is similar to the two-
main system, with the exception that o thivd main is added supplying hot waler.
Under W.A. condifions this third main is searcely warvanted, as in cuses where it
nizhi be required the baffle temperature can be inercased by supplying a small
amount of live steam through the steam jets.

Im Western Australin a modified single-main gyvstem has been used with sueeess

for a battery of kilns. The method employed for heating up the spray water is
fo use a steam jacket on the supply to each kiln, the temperature heing controlled
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by the mmonnt of steam admiibted lo Lhe jacket. Sueh a method it eonjunction
with o two-main syster would be much wore economieal and <hould give results
ag good as a three-main systew at lower cost,

All water civendating puunps should he fitted with cleansable stre tners on the
delivery side: (lie recireulation water wump =hould he divided by three hessian
geveens placed in removable Frames, hobween the refuin drain from the kiln ad the
pump intake. From some of the Western Australian timbers an ;mprv iable
guantity of acid is distilled, partieularly diing the carly stages nl kiln deving.
This acid is taken into solulion by the spray water, and with reeirenl: iion the
acidity of the water meresses to o marked degree. To prevent serions cofrroslon
of pipes and fittings i ix therefore advizable to add soda to the sump al intervals
in sufficient quantities Lo give a slightly alkaline reaetion.

For drey kiln operation, pumps of the steam-driven duplex double acting Ly
wsedl For boiler Peed ave uzed, and these should be provided with water pressuce
reculators. L an oil -.9] avator and a pressure velief valve 1s installed, the pronp
exhanst ean, it desived, be nsed for supplying a low pressure heating coil, or it enn
be used for heating veeireulating water,  Haell pump should have i aiy chimnber
located as nenr the delivers valves as s possible, mul it Is advisable 1o provide a
small air eock on the suetion to prevent filling of the ehamber with water.  As the
smpply taken by the waler mixers from any ene pump nny become very low,
relief valves must be provided on pump deliveries, wheve a nulti-main sysfem b
used.

Cost of Drying.

The cost of construetion of Tiemann kilns vavies between rvather wide lmits
according to the tvpe of eonstruction, wunber of kilns, and quantity ¢l equipment.
For a battery of «ix kilnz with a lotal capacity of TO000 s, [t and an annaal
output of 700,000 to 00,000 = I of Tin, jarraly the capital cost would be bhetween
£5.008 and 3‘_6,0(}0. Thiz would provide for kiln huildings of suitable timber eon-
struction, all heating, wafer L-md control equipnient, hoilers. and lrucks and vails

fov handling the Hmber throuehent the drving process. With material thicker

than lin. the eharge eapacity of any kiln in the battery will inevease pwing to the
incrensed ratio of thickness of timber to thickness of strips. The annual eapaeity
will, nevertheless, decrease owing to the gveater vate of inerease In the drying thme
with thicker material. FBecause of these variations, the ligmres of charge and
annual eapacify of the hatters above ave eiven with reference to lin. fimber,
although it is vecognived that a plant of this sive le dry ather than mixed sizes
is not a practical propesition in this State,

A Tair cstimate of the cost of deving of Tin, wide jarrah boavds L conjunetion
with other thicknesses 111 a plant of this size would Le 1d. per super. foot. This
meludes all overliead, Fucl, handling, and attendanee costs from green delivery at
the kiln site to dmw mhlic delivery kiln dry.  If Tlvnhm cannot be railed, or
machined, as if (0111})1(t(=~ the drving process, additional provision will have fo he
made for the expense of ervecting and operating a dey stornge shed,  With very
favourahle eonditions of fuel and water supply and attendance, a Auvre consider-
ably below 1d. per super. foot should he obtainable.

The rate of drying of thicker jarvah up to 3. thiek ean be ronghly tixed by
allowing 1d. per snper. foot for the fivst inch and 0.7d. per inch or part of an inech
in thickness above this. Thus tlyin. material would cost 1d. and {.35d, or
1.23d. per super foot.
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Plates 1 and 2 are views of a commereial plant of four Tiemann kilns oper-
ated at Yarloop by Millars’ Timber and Trading Company,

w
Sew

<

Plate 1.

General View of Battery of four Tiemann Kilns (Millars’ Timber and
Trading Co. Ltd., Yarloop).

Plate 2,
Loading Bnd of Tiemann Kilns (Millars” Timber & T'rading Co. Ltd., Yarloop).

Blower Kilns.

The eross seetion of a modemn type of blower kil is shown jn Fig. 6. The air
enters the kiln through the two supply duets, rises up through the louvres into
the internal flue of cach sinek, and moves through the staek between the rows of
boards. A small percentage of the air then pagses out through the kiln ventilator
in the roof, which is controlled hy a damper, and the remainder of the air falls
to the tlree relurn dnets, along which it iz drawn back to the fan. The suetion
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of the Fan also draws in a small quantity of fresh air through an inlet damper, ¢
replace that ejected throngh the vent in the roof of the kiln, and the return air
and the fresh air are ther passed through a heater and a humidifier which liberates
live steam to inerease the relative humidity. The treated air is drawn into the
fan and delivered back info the sapply ducts to eommence another cyele,

The temperature is controlled by a temperature vegulating valve whiel
operates on the steam supply to the heater in the air cirenlation system, Tem-
perature ean therefore be accurately controlled.  The relative humidity is rvegu-
lated hy the amount of fresh air drawn into the suction, and by the amount of
stearm supplied to the honidifier. With regard to eirentation it will Te noted, Hrsils
{hat the maximum travel of air over timbers before it is returned fo the heater to
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Fig. 6.—Blower Kiln: Cross Section of End Elevation,

be reconditioned is very small (not exceeding 3ft. fin. in thiy particular kiln).
This prevenis a large diffcrence in the drying rate betweeu the entering and
leaving air portions of the staeks. The second point is that the air to puss from
the supply to the return duct must move through the stack, while thirdly, by means
of dampers on the outlets and inlets of the supply and return duets respectively,
adjusted when the kil is first construeted, » reasonable uniformity of air supply
throughout the lengths of the kiln iz obtained. This type of kiln while, strietly
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speaking, of the external eivenlabon type, has more fn common with an internal
civeulation kiln,  Fop instance, 1f instead of removing the evaporated moisture
by discharging a winall quantity of the wwed air and replacing it by fresh air, this
tnossture were venoved by means of g condenser preceding the heater in the eir
eulation system, the kiln would be of the mternal eivenlation type. Referense niay
be made, in this connection, to a tvpe of blower Liln in which the evaporated
maisture 1s removed by a somewhat unique means.  The wsed air with the
moisture evaporated [vem the tHmder is passed along one side of a thin DOrous
wall.  On the other side of this wall is passed ovdinary air, the wotive power
to make thiz air dreulate nalwrndly being supplied by heat {ransmitted through
the porous wall. Thig ouiside air absorbs some ot the moisture {rom the ajr
imside the kiln snd the smonnt absorbed can: be controlled by dampers which
vary the atmount of outside air supplied.  The thin porous wall thus aels as a
sondenser, and with o comparatively low expenditure of eneroy the liln iy made
a true internal civenlation kiln with sueh advantages ns nre possessed by that type,

Clonstraction of Blower K ilns.

The pateits covering the varicus types olf Dlower kilns are waally held by
firms who sell the eamplete equipment iovr the cirenintion, and lemperature and
humidity eontrol of the air. 4 firm will supply Il particulars of kiln huildines,
and pavtienlarly in eases where enaraniecs covering sueeessful kiln operation
are given may specily definitely ihe types ol construction which may he used.
A detailed deseription of coustruction nnd operalion is not, therefore, necessary
here.  TL may be mentioned, however, that for Wesiery Australinn condilions,
Jurrsh frame strnetaves sheathed with T, & €4 niaterial, and voofinge folt, shoula
he quite suitable, althoueh the wse of the vootiing felt suust e regarded < com-
pulsory vatber than optional il enod resulls are to he expeated.

Nudability of Blower Nilus for 1., Fhavealypbs.

Although there are no blower kilus operating in Weslern Mstealia, suliicient
data has been obtained to show that they are capable of drying Western Aus-
tralian timbers,  Apart from a stndy ol the delivacy of conteol, which indieates
that with material at least np to 1155 thick, these kilns are quite suitable for
Western Australlan Fuealypts, there are the resnlts of practieal tests. In Souih
Alviea, immature Fuealypts np to 114, thick and including Tin. IKXarri have heen
dried out in » hlower kiln wilh excellent resulis, Hamples of Narri and Jarrah
were forwarded from this Siate to UH.A. with speeial precautions to prevent
drving, and these samples were converled into 6 x | boavds and dvied onf in a
blewer Liln hy ihe B, I Stovtewant Cowpany. 14 is stated that apart Trom a
tendency to enscharden, which was allaviated by steaming, there was no diffieulty
i drying,

Cost of Drying.

Owing to the hivh cost of wechanieal equiprment in this State, the eapilal cost
of a blower kiin i zlightly higher than that of o Tiemann of the same capacity.
On the other hand, the blower Lily has the advantase of requiring but a small
water supply, and less attention by kiln atlendants. Tt is generally considered
also, that the drying time iz less with a blower kiln owing to the advaniage of
mereased eireulation during the early stages of the yun, and providing that the
air cirenlafion i distributed with reasonable wniformity throughoeut the height
and length of the timber stack, this must undoubtedly be the ease. 4 against

these advantages, however, the Tiemann kiln has absolute uniformily of circu-
Intion throughout the length of the kiln and delicacy of humidity control, Tt may
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be stated that for W.A. Eucalypts up to 13%in. thick, the blower kiln will
in the majority of eases prove the more aftractive proposition, hut where drying
of timber above this thickuess is 1o be considered, the civenmsianees of the case
will need very eareful consideration before a deeision is made.

The Internal Fan Kiln,

A lype of kiln which hae lately been develeped and which has given very
promising results iz the reversible infernal fan kiln shown in Fig. 7. The kiln
was developed by the Tnited States Fovest Rerviee {or the seagzoning of Douglas
fir, cotimon grades of hoards and seantlings.  Ag the main objeet of seasoning
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(From Bulletin 1156, U.S.A, Department of dgriculture,)

Cross Section of Internal Fan Kiln, A number of dise fans arc mounfed at
intervals upon a shaft extending the full length of the kiln.

L
Fig. 7.
was reduetion in weizht {o reduce freight costs, the expense of drying had to be

low. The control of the drying essentizls in the kiln is such, however, that it
would appeur to be suitable for the seasoning of W.A. timbers.
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It will be seen that the Kiln is very wimilar in operation to a blower kiln
exeept that instead of taking the aiv out of the kiln for reconditioning, reheating
and humidifying Is effected in the kiln itself. From the fan, the air passes up-
wards inte the centre Hue of the stack, tho two aratings being merely to build
up u slight static pressure und so Jdistribute the air more evenly.  The air then
nmoves outwards through the limber ¢k, and some of it passes out through
the roof vent. The majority woves downwards along the side wallg, and is
humidified by the steam spray and rveheated hy the eoils below the stacks. It o
then drawn into the fan and veeiveulated. The fresh ujv reguired is bhronght in
throngh the fresh air intake ducts. The divection of cireniation enn be reversod
by reversing the [mns. Two puirs ol steam jets are provided tor hamidifying,
these heing so piaced that the pair being uged assists the eireulation. The faus
are of the dise type and are pliced al about 7iL centres on a common shaft
rimning the length of the kiln. The advanizges of using the internal fan are
stated to be greater acenracy of control, and abiliiv to reverse the direelion of
cirenlaiion, and so prevent any differsnee in the rate of drying hetween hoards
on the eentral aiy ilue and those on the oufside of the stack. Also the power con-
snmption for fan operation is low.

Precise details as to the operation of this type of kiln in W.A. are of conrse
not available, bul it would appear thaé the kiln iz womparable in cost of con-
struetion with the blower kiln, hat semewhat cheaper in operation, and it iz quite
probable that it would he suitable for the drying of all thicknesses of W.A.
FEaealypts Tov hicher zreade work.

The Clarive Kilu.

Up to the present there have been cousidered types of kilns snitable for dvv-
ing ligh grade material green trom the saw. 1t has been pointed out when
studying the drying of a piece of wood that afler most of the free water has
beew removed, drving does not vequire snch delieale control of femperature and
hmidity, nor, owing to the Iower humidities and slower drying rates, does it
require sueh a large civenlasion of air. Where Hmber can be obtained in a par-
tially seasoned condition, theretore, the completion of the drying is a compara-
fively simple maiter. In Western Australin climatic conditions are sueh that
some elasses of timber can be air-dried withoul serious deerade from eraeking
and warping,  Amongst these classes, sreatest prominence must he given to floor-
ing boards, for far more Jarrah and Karri ave scasoned for thiz purpose than for
all the rest of the uses together. The air seazoning ol fooring hoards has certain
disadvantages, the chiel of which are the slow drving rate, particularly in the
Iater stages, seasonal varviations in moisture eondition, and the comparatively
high final moisture content. The possibility of eombining air and Liln seagoning
of Jarrah and Karri looring has, therefore, heen eongidered and haz led to the
desien of a kiln for this purpose.

A diagrammaiic cross section of this kiln is showu in Fig. 8. A from
the atmosphere passes into the entering aiv flue 12 helow the floar of the Lilu,
and from thence past the damper LD into the kiln proper. Here it is heated by
the heating eotls I and passing up throngh the left half of fhe timber which is
strip stacked on edze. veaches the space above fhe timber S, and then passes
down again through the right Lalf of the timber, through the heatine eoils i
which are cold and past the damper RD inlo the hollow wall fue Y, and from
thence ultimately inlo the atmosphere. Periodically the nseillating dampers 1.1
and RD are veversed, and the steam s st off from eoils L and admitfed o
«oils B. The diveetion of aiv eivenlation is then reversed. Short eiveuniting of
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the cireulation by passing directly along the bottom of the kiln from entering to

exit damper is prevented by the central bafle B which divides the lower portion

of the kiln chamber into two parts. The oseillating dampers and the wall fines

run the full length of ihe kiln, so that circulation is uniform throughout the
length of the kiln. The distribution of the steam heating pipes throughout the
width of the kiln ensures even cireulation thronghout the width of the staci.

Plate 3.

Experimental Clarke Kiln at the Engineering School, University of Western
Australia, Crawley. TPortion of back has been removed to
show heating coils,
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Temperature can be regulated if desived by varying the quantity of steam acl-
witted to the heating eoils, but ao temperature regulating valve iz necessary.
Steaming for the rvemoval of caschardening is effected by means of twe steimn
spray pipes, loeated underneath the stack, one each side of the centre baffla,
Plate 3 s from a photograph of the experimental kiln loaded with Gin, ~ 1in.
boards. Portion of the hack Las heen removed 1o show the heating coils.  Plate
shows a charge of hoards removed from the Hrst commereial Xiin butlf at Pilerim’s

Mill.

Plates 5 and 6 ave views of the plant operated by WAL Jarrah Forvests,
Limited, at Pilgvim’s Mill, extended to a battery of four kilne. Provision has heen
made for protection of the seasoned timber by sheds at either end of the kil
battery.

The kiln-has heen designed primarily to provide even sirealution threughour
the stacls, not to give good control ol temperatiure and humidity. 1t will be noted,
however, that the boards at the bottom of the stack, which at one time receive
very dry hob alr, upon reversal reecive air whieh iz comparatively moist and
cool.  This has the effeet of tending to reduee ensehardening and makes possible
the use of very dry aiv without detriment to the timber. The kiln has hreen
operated suecesstully with lin. Jarrah, Blackbutt and Karri hoards at 30-10 pew
cent. moisture, the drying time for Jarrah and Blackbutt heing about fen davs,
and for Karri twelve davs.

Details of Construetion,

Oue of the advantager of thiz type of kiln is the simplicity and low cost of
construction per unit of capacily. The ratio of stack volame to kiln volume is
very high, and as eompuratively thin slickers are used, the effeet of this is in-
creased.  The eross seetion of the kiln is approximately standard, the kiln chamber
heing about 6ft. wide and 7140 high, the walls heing extended about 1t heigw
the dloor and about 5fr. alove the ceiling fo provide space for the inlet flne aud
to make the cutlet flues respectively. The eapaeity of the kil is varied by varying
the length, which may be anything eonvenient. A length between S0£t, and 405
likely to be most suitable From the standpoint of stacking lengths,

The malerials of construction can he timber, eoucrete, brick, ete.  Jarvsh frame
coustruetion and sheathing, as sugeested for the Tiemann lkiln, has been Tomud
safisfactory, and the nse of reofing felt in this conncetion is strongly recommended,
The eeiling is sawdust packed, wnd the Hoor can be built as deseribed for the Tie
mann kiln, thongh drainage slope on the floor is not essential, Fixeept wherve water
lieg, no floor to the imlet flue below the kiln feor proper is necessary. When huild-
ing a nuinber of kilns side by side, party walls can also act as party flues as shown
in Fig 9. A roof of (.(%. iron or reofing felt can be provided hetween the party
walls at sueh a distanee above the eeiling as will allow anffielent air eiveulation
to prevent stagnation,

The oseillating dewipers ave made of (wo small sheets of 20-guuge iror painted.
of such a length as to fit between the wall studs. The sheets are clamped together
with bolts on strips of saddle felt which project about Thin, around all edges to
make tight joints with the studs and sheathing of the kiln walls. These sheets arve
tastened b.\-'-elampiuu bolis fo a har, which runs the full length of cach kiln wall,
end which is provided with handles at either end =0 that the dampers ean be
moved to reverse the eirenlation. Care should be taken when assembling dampers
that they do not fit too tightly between studs, or dilfieulty will be experienced in
moving them as required.
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The eoils are of the return bend type and conform to the same specification as
shose of the Tiemann kiln. With steam at G0lbs. a coil of fourteen lin,
or ten 1V4in. pipes on each side of the kiln is »equired. If the hoiler

pressure is reasonably constant, the kiln eoils can be designed for Chis
pressure and eounected with the boiler. 1f the hoiler pressure lfuctuaies

greatly it is Detter to inelude a reducing valne in the cqnipment and design,
and operate the kiln at some pressure sulficiently below that of the Leiler to give a
moderately constant pressure. Fluetuations in pressure do not endanger the timber
being dried if the eoils are designed for the maximum pressure, but they fend to
reduce the drying rate by introdueing slow drying or non-drying periods when the
steam pressure and henee the kiln femperature is low. Fach kila eoil s provided
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(PARTY_FLUES)

with a globe vaive ou the drain end and eonneeted to a common steam trap with
a valve-eontrolled by-pass to air,  Care should be taken In setting the trap that
sufficient Fall from the lowest portion of (he eeils 1s given for the type of trap
selected. 1f destrved, a refarn trap system may be installed lo vetnen the waler of
eondensation to the boiler. Thiy is a distinet advantage in this and other types
of kilng which are werked for a perlod at night on hanlked hoilers,
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The steam spray pipes are similar 1o these in the Tiemanu kiln, being Tin,
pipes for kilus up to 50ft and 1%y pipes over this, perforated with $4in. holes
every 8 ar 8 inches and fed from a high pressure steam niain.

As the timber is stueked on edge, stanchions are requived to keep the staek
i position; Vhin. to 34, stacking strips ave used, and except where the moisine:
content of the thuber ix comparatively low, ar where special equipment is provided
to- take up the sluckness eaused by shrinkage, it is advisable to place the strips at
shorter eentres than i nsual, reduetion to as low ax 11 contres I many eases prov-
ing an advantage.

Perhapx the most desivable feature of this kiln is the smull amount of atten-
lion necessary {or operalion. A part from defermining the moisture content of
the chavge every tiay or two, the operator has only, every 12 ov 24 hours aceord-
Ing to the moisture content of the timber, to change the sleam supply from one
side eoll to the other and change also at the same {me the eseillating dampera,
Alteration of the Kiln temperature from day fo day is noet necessavy, although in
sormie cases ik i a desirable refinement.,  With the exception of these duties. the
kil requives no attention upon the part of operators or attendants

Cost of Construction and Operation.

The eapital cost of a kiln 367t long to hold 10 loads of timber will he £250
to £300, including buildings, dampers, rails, steaming and heatling pipes eoupied
throngh a reducing valve o an exis ling boiler, but excluding kily trueks, external
ke rails, and other handling equipment. If two or more kilng are builf side by
side with parly walls, the savine per kiln wall eliminated will Te about £50, J.e.,
every kiln after the st will cost €50 less than the wmount stated above, The
stear: cansumption is very low, heing abont 4 hop. for heating with 4 ikiln as aboy e,
although daving the § to 8 hours® steaming period at the end of each rim a much
higher consumption oeeurs.

The duties of aperation are very light and, exeepl when a large number of
kilng are used, ean, where kilns are operated al a mill or stacking vard, nsually
he performed by members of existing staff without serious eneroachment upon
their thne. The greatest cost is in the handling of the timber, for this has to be
slacked to air season on the flat and then stacked on edge on the ki truek for
kiln scasoming. For a single kiln this eost is not exeessive provided that eare is
taken in redueing handling to a minimun by snitable placement of seasoning
staeks and the kiln tvuek. Wor a number of kilng, handling costs can he oreatly
reduced by the provision of a mechanien! svstem for the handling of a stack as
a whole, without restacking, throueh the air and kiln geasoniug treatments,

Although the Liln was designed for the drying of semi-dry bosrds, prelininary
tests with materia]l green from the saw have indicated thai with the provision of
proper facilitics for taking np the slackness cansed by shrinkage, there i3 0 eood
possibility of eliminaing the preliminary ai seasoning and of yet producing a
preduet well suited for Hooving,  Should this prove o be 1he ease, drying oreen
Sremn the saw would in the majority of eases probably prove the more economionl
proposition.  The patent covering this design 1s held by the Conservator of
Forests, to whom any inquiries for further information should he divected,

It is not contended that this tvpe of kiln is the only one suliable for the com-
bined sezsoning process with flooring. There are many types of kius designed
ior this elass of work, hut as this bype is in operation in this State, and has been
designed particularly with veference to local condilions, it has heen selected s
a representative of this kind of drier.



Ly Wiln Instruments.

Temperature Recorders—The nutomatic temperature recorder used is of the
lone distance tvpe, and eonsisis of a bulb filled with a volatile liquid and its
vapour, econbected by a long flexible tube flled with the liquid, to the vecording
apparatus.  An mercase in lemperature raises the vapour pressure of the liquid,
aned this inerease in pressure is transmitted by the lignid in the tube to an
ordinary pressure gauge in the recorder case. This pressure gauge moves a needle
which denotes, instead of pressure, the temperature appropriate to the pressure
produceil.  On the end of the needle is a pen, and this traces on a cliart a4 con-
Chavts are wsually fPor 24 lowrs” or 7 days’

tinnous veeorl of temperature,

periods,

1t should e noled fhat, as the instrument works on the principle of 1the

vaponr pressure of a volatile hguid, ihe femperalure recorded will be {he
waximun oreurring anywhere in the vapour and liguid system, Tt is essential,
therefore, in insialling these instruments, (o he caveful that no part of the
apparatus can become exposed to a lemperature higher than that of the hulb
witen the kitn is runming. The bull of the thermoweter should be so placed thal
it is-uot influenced to any appreciable extent by vadiation, trom the cold wond
stacks. or the hol sfesm pipes.  When necessarily placed neav either of theae,
it should have n small shield so placed as to keep off most of the radialion,
without preventing a free eveulation of aiv. it is Lo be neted, in this eonuection,
ihat scceening frem radiaior pipes is the more important.
T he (hermowmeter hull reeording (he naximmmn temperature is plaeed In
sopventent position in the central aiv column of the kiln, A bull recording Lhe
baffie ov satiration temperstnre in the Tiewann kiln s placed inside the baffle
boxes, Bath hulbe should he carried as far from the end of kiln as the length of
flexible tubing will permit, and this distanee from the end should be at least 10
feet.

Other typex of recorders aperating en the expansion, with rize in lemperaluve,
of a lauid or gas are available, hml the vapour pressure type s recommended.
The lemperalure range to be specified when ordering recorders should be 607 to
1607 1. Care must be taken during the steaming of timber that the temperatur:
does mol exceed this masinuun while ile balb s in the kiln, ax damage to the in-
strument might resualt.

Recording Higromeler-—The air in the Tiemann water spray kiln is salurated
before being reheated.  This makes the determination of the relative humnidity
a simple matter, ax the maximum temperature and the saturation temperature, or
dew point, ean De read with ordinary thermometers, In blower or fan kilns the
air is heated without presaturation, the humnidity heing adinsted by adding moeisture
by means of u steaw jet. It is, {herefore, necessary to employ wet and dry bulb
thermometers {psyehrometers or hyerometers ag they are somelimes eallad) to
aive readings Trom which the humidity ean be determined.  The recording hygro-
meter is similar to a two-bulb vecording thermometer, exeept that one of the buibs
e eovered with a thin shsorbent sheath which is kept supplied with water from a
pesarveir.  Creat eare must be exereised in the wse of the recording ov simple wet
nall thermowmeter. Distifled or elean vam water only should be used for wetiingy
This should be examined from {ime to time te see thab 1t

{he absorbent matervial,

atill soaks up water readily, and sheald be renewed aboul onece a month. Speeial
bulh coverings are sometimes supplied: bul if these are not available a Tairly fine
cotton material way be used. 1t is very neeessary that the bulb should he in a
fyee eutrent of air. Low alr veloeity or stagnation gives incorreet (high) readings
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ef the wet bulb, as the air which comes m contact with the bulb does not, before
being raised to a high hwnidity, eause sullicient evaporation to cool the hulb to the
requisite temperalure,

Chemienl Thermomelers—1t is advisable to have some check on the operations
of reeording thermometers, and this can be done by hanging ordivary mevewry-in-
glass thermometers in the vieinity of the recorder bulbs A wseful idea is fo pro-
vide the thermometer with an enla rged metal scale w0 that it ean be read from a
distance. By lighting the thermometer From a snitable angle it is then possible
to read temperatures without entering the kiln. Wet hull {hermometers should
nat he of the metal frame tvpe, bul are preferably wmade from chemieal theri-
meters Inoorder to seeure w maximum eivenlation arownd the hulh.  Althonsh
chemical thermonieters fastened to a Picee of wire ean often be suitahly
Tov indieating haffle temperatures in the Tlemann kiln, m
of the clinical or similar Type ave more conveniont,

arranged
axinmn thermometors
These can also profitahly form
part ol the Liln equipment for defecting the temperatures o inaceessihle Dlaces,
[ should e noted that, when a cold thermometer ix firsi inserted In a kiln,
water may condensge ou il, and tiee thevmometer will then register the wet hulh
temperature.  Sometimes it ix quite an appreciable time before this water evap-
crates, and, until this oceurs, care shonl] be taken that {he therinoneter readine
is mot mistaken for the dey hulk Lemperalure,
with the graduations etehed om the glasg or with
sionld be chosen, and wnless evidence 1s avatkable that the thermomelers have
been checked after manufacture, it is advisablo to carry ont o vapid test against
a standard thermometer over the Temperature range for which they are required,

In zeleeting thermometers, those
a glass eaxe enclosing the weals

Sutomutic Temperature Controllers,

These instruments have a thin flexible {nbe ending in a bulb similar o that
of a temperatare recorvder, and fha expausion and conlraction of {he Heuid n Lhe
bulli acts diveetly or throueh an aaxiliary svstem, on a throilling valve on tie
gteam smapply pipe. The direet aeting ivpe haz the advantage of sfmplieity and
Jow initial cost. bhui the grenter aceuraey of the auxiliary (xpe i« an offset o ihe
hizh initial cost of the comprex=ed air auxiliary mechanism,  The throtile valves
ol controllers should he examnined at inferval

s as the valve seating is Frequently
subjeet to considerable wear. Controllers should bhe by-passed, so that, in the
case of iailire, operation can eontmue with hand control of

an ordinary elobe
valve.

The instiuments ave used for {1he regulation of the sleam supply to kiln
henting eoils in ovder that the mavimunm dvving temperatore mav he controlled.
The aetuating hulb is Toeafed in o position similar 1o that of the mavimum tem-
perature reeovder bl of the kihi,  Where the kiln cotls, as in the Tiemann, are
made up of twe sets weparately valved, the eontroller ean be plazed nupon the
upper setoonly. This permits of the wse of 2 smolley controller, nnd eives greater
satisfaction s the vaviation in demand on the valve is vedueed. Where
Jucket or u single wain systent is wsed, w controller ix a valuable
taining the spray water ab n constant lemperature,

sleam
addition in wain-

Thermostatic Wuter Mirers,

These mixing valves which nre used to eontrol the temperature of sprav water
in the Tiewmann kiln ave self-contained and are fod by hot and eold muins, sufiicient
water heing taken Lrom each {o deliver the wmivinre nf n predetermined tempera-
ture.  The operation of the valve is confrollad by a thermostatic element whieh
«an he adjusted to operate at any temperatiare within the range of the nstrument,
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but for satisfactory results it is neeessary to have the hot and cold water supplies
at approximately the same pressure. When ovdering, s vange ot Ghdeg. T7.
to at least 140deg. ¥. should be speeified.

Pump Regulators.

Pressure regulators lLor pumps consist of a threitle valve controlled by the
pressure of the delivery waler. The water cormeetion lo the regulator should
be taken from the delivery side of the air cushion. A pressure gauge ol the
Bourdon type should be provided on the pwmnp delivery.

Therrrormeles
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STEAM DRYING OVEN
Fic. 10

Drying OQuvens.

Ovens for the drying oué of moisture content samples can be heated eon-
veniently hy steam or cleetrieity.  For kiln drying installations, where steam is
continuonsly available, a snitable type is shown in Fig, 10, This congsts simply

of a double sheet ivon hox packed with loose ashestos and provided with inlet
and exit ventilating Loles. wire racks for holding sections, and a steam heating
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coil.  The temperatire in fhe oven, which shonld be helween Zdeg, B, apg
220deg, I, ds controlled by a elohe valve on the supply line, and the Pressure
Is mainiained inside the eqj] h¥ a frap on the drain, or a small valre, opened
sullicicntly to permit of the “seape of the condensed water.

For veeasional teste the noriable elecivie driev is ysefpl (Fig. 11), A double
sheet iron hox ix again employed paeked with ashesio, This has hinged liq
Drovided with exit ventilation holes, inlet holes being provided i the sides of
the hox,  Heat is provided from fonp 39 CP.o(90 watt) earbon elobes, two each
end of the oven, Tha wo glohes al each end 81¢ wived in sevies, the two endy
heing in parailel, The total eonsumntion of the oven s therefore, only 00 wats,
This oven gcorehes gpecimeny slightly on the wnder side, but wil he found quite
acenrate enongh fop 4l ordinary woisiure idleterminations,
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ELECTRIC oven
Firg. 11

Gas heated hot air ovens, and hoiling water o sleam Tackettod ovens ai
atmospheric pressure AFe sometines ciployed, hut {fege are nof recoiminended,
the former oy aceount of fhe diffienlty o control, the luftep because the oven
temperatimve is helnw 212deg. F. anq complete diving of (ha sample ravely oeers,

A simple b clfective dvier eap be made from o small tin of Giy, op Sin.
diameter. Thig Is couted on the sides and top with about yn inch of ashestos,
and a few small holes are drilled thronsh ihye top. An ares on the upper part of
the shiell of 5 high pressure boiler is haved aind in this area aro placed {he
moisture sumples, whieh gre kent fust ahove the boiler piate by neiting or gauna,
The prepared fin is placed as g cover over the moisfure conteng sectinng, so that
it makes a close Joint with the boiler insnlation. This oven should Zive a tem-
berature of ahoy 215den. I, anq Epecimens aflter 48 hours will e dried to 14
per eent. moisture or legs,

Sample Board Seales.

Speeial seales for sample heards ean b procured, hut vrdinary platform
geales or retailing seales of the ecntre balaneed heam type with superimposed
platformg are quite sujtahle, In the inat mentioned type it ig Yei'y eonvenlent
to provide two wetzhis each of 0,0 and 0.02 of 5 1p, and one eacly f 0.5, 0.1,
.05 and 0.01 of 4 1b, Weizhing ean then he conveniently earried out in hun-
dredths of 4 In. For a kiln plant dryine boards, seales weiching up to 101bs.
are of ample capacity, but if thieker stoek 15 to he dripg a greater range will he
necessary,



Smoke Tests of Air Circulation,

For suceessful operation, it is essential that the air circulation throughout
the length and the breadth or height of a kiln shoeuld be reasonably uniforim.
Where doubt exists as to uniformity, specimen boards may give an indication of
irregularities, but rarely do they show the cause. [t ig convenient, therefore, to
be able to trace ihe air movement by means of smoke, so that necessary altera-
tions can be effeeted.  When studying the general circulation inside a kiln, the
burning of turpentine will give a dense black smoke which persists for a eon-
siderable time. If, however, it 13 desired to obtain a more accurate indication
of the ratc and direction of air movement at any particular point, punk stiels,
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SMOKE PRODUCER
Fic 1Z

aell as are wsed to discourage mosquitoes, can be buwnt. The advantage of the
punk stick is that it will provide a little eloud of smoke, and the manner in which
+his elond moves ean be noted. In some eases, however, the heat of the burnng
stick will eause eonvection enrrents sulficient to give an erroneous impression,
and where this is likely a cold ehemical smoke ean be employed. An apparatns
for produeing ammoniunt chloride smoke is shown in Fig. 12, The sketch i5-self-
explanatory for the apparvatus is merely a means of mixing ammenia and hydro-
chlorie acid gases and disehiarging them ivto the sir. For most kiln drying work
the nze of punk sticks will he lound quite satisfaetory.
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CHAPTER 6.

THE TIMBER SEASONING KILN_OPERATION.

Stdckog of Timber in the Boiln,
o)

When congidering the loading of o kilu, the st factor is Che quality ol the
tintber to be dried. [t mmst be r1emembered that senzoning adds to the value of
only zueh Hmber as I veasenably free Jrom Dlemishes.  low orade unterial
which has lfanlts resulting Irom knots, irregularity of grain, or lfront cufiing
too near the heavt will depreciate in usefuliess and in value, while the drying ot
Limber badly affected hy gunt veins and pockets 5= ol no advant: 1ige, for any
Inerease in value rvesulting will be far below the cost of treatment. The Tutilily
of dexing Jow wrade material will be more proneuaced when a kiln is cuploved,
for in many eases the dryving eonditions ave sueh that the fanlis will be necenti
ated. Tt is, therelore, cssential, when nperating & kiln or battery of kilna, to
svrange that maferinl of good quality only is supplied.

Jarrah, on account of its havdness and durability, has been found VePY #iit-
able for spacing steips in Kiln stacking, [ oig wsnal to make the width of the
strip erual to its thickness with the proviso of 2 wminimum widih of Tin. lu the
Tiemann kiln Tin, -.nma shonld he used with timhey up to 1loin. 1hick, and 144in.
stripe shonld be used above this.  [f the cirealation s very womd, the use of 1in,
sfrips with timber up b0 1340n, and perhaps 2in., may prove economical owing
to the vreater kiln capacity securved. In forced draneht kiles, Tin. strips are
often waed for all thicknesses of siock, and anv variation frow this whiel is desir-
able is usnally indieated hv the supplier of the kiln equipment. In the Clarke
Kiln, strips are T4in. o 34in. in thickuess, and with any other kiln, vertically
atacked with a similar distribution ol keating pipes. thewe thin strips would prob-
ably algo he satisfactory.  Care must be laken when providing spacing sivips
that they be of an even thickness Hnuul'hmri. T ahe =irips vary. it i= impossible
to prodnce straight dry timber.

Spacing strips should not he more than I8in, or 2t apart and should be
vertieally above une another.  With vertical stackine. betier vesults have been
obtained by placing the stripz ¢loser together and spacing of 1ft. is recom-
mended, unless zpecial provision be made for preventing the looseness camsed
hy shrinkage,

It s sometimes econowieal to use special shorl Tengih material as spaelny strips.
it this is not advisable if pieees are more than 3 or 4 inches wide.

Aflter the stack has been placed in kilu, hefore starting up, care should he iaken
to see that the only path Lor air to take from entering to leaving sides iy throush
ihe stack itself. Tn thiz econncelion ends of kilng should he wiven particular atten-
ton, It will be noled that where stacking iz fal op slightly nelined the central
alr flue is tapered. This is to distribute the air evenly throughont the heicht of
kiln as, sometimes, when cenfral fhies are not {apered, the air tends to rise
rapidly to the top and pass through only the top layers. Cure should he taken
to build the taper evenly, and for this purpose a stacking frame is recommender,
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Vnless the veloeity is eomparatively high, theve is an appreciable lag hetween
hoards on the enteving and leaving air sicdes of the stack., This is ozt pronouneced
in naturally-ventilated or assisted naturally-ventilated kilns.  I1f in addition the
air eirenlation is not perfectly even throughout the height of the stack this lag is
inereased In certain portions of the leaving air side of the stack. These areas
are kuown ax wet pockets and a position v which they are sometimes Lonnd when
deying Jarvah is showie at WW oin g, 5. The cure is to increase the atr supply
to the aifecied portions of the stack, and this is dene by “opening up” the stack
in thege locations. In other words in slope-stacked timber an edge fo edge gpace
i laft in and around the places likely to hecome wet pockets, while in flat-stacked
timber the opening up is elfected by inereasing the normal edge to edge space.

Sometimes also the inductive etfeet of the air velecity up the central flne
canges a veversal of cireulation in the lower layers of the staeck and, in these, air
which has already passed from the entering to the leaving adr side passes back
through the stack to the ¢entral entering air stream.  Natwreally under these con-
ditions a wet pocket develops in the bottom of the stuck (ww in Fig. 5.) Pre-
vention again lies in opening up the hottom layers of the stack se that some ol fhe
air from the cenfral air colunn ean pass up through these layers from the bottom
ol the stack., In severe cases the kiln floor at the rail level has sometinmes to be
laid with vough boards with an edge to edge space of 4in. to 34in.

It mieht be considered that beeanse mention of these fanlts is made in con-
nection with thie Tiemann kiln that the enenlation in this type is vastly juferior.
It must be remembered, however, that with {he exception of the Clarke kiln, in
which one of the rensons for adopting wvertical stacking was the prevention of
wet pockets, there ave no other types of kilns opevaling in this Slate, and these
may to a orveater or less extent be affected by similary faults, The cure in any
such poszibility will result from the application of the princples of aiv cirenlation
and should the cure be only o partial ene, the most detrimental effect need merely
be an increase in the dreying time owing to flie slower drying rate of the lapging

portion.

DRYING SCHEDULES, (TIMBER GREEN FROM TIIE SAW),

The question now fo be studied s “What are the desivable eonditions to be
maintained in a kiln?’ Thege conditlons are found as a vesnlt of experiment
and ave stated as velationships between the temperature and relative humidity
ol the alv on the one hand and the moisture content of the wood on the other.
Sush 2 relationship or series of relationships is ecalled a drving schednle, and
sehedules may either he tabular or graphical. In a graphical sehedule, strictly,
ihe eurves should be obtained by plotting temperatures and velative humidities
aguinst moisture content.  As It is desived, however, that the graph should give
a pieture of what is happerning, il 1% morve conveunient to plot temperatures, rela-
tive humidities and molstnee confents all agninst typical drying times in days.
Nevertheless it must be rvealised (hat drying times are unot esseniial to the
sehednle, for the whole purpose ol it 1 o fix the relationship between the mois-
ture content. of the {imber being dried and the almospheric conditions in the
Liln. No precize dala as to the rate of air eirenlation is 2iven in a schednle.
This is rather a matter of Kiln design. and it is assumed that the veloeity of mv
ieient for deving to proeced satizsfactorily.

movenient over the fimber is suft

In iz 13, the standarvd deving sehedule for lin, Jarrah is given in the
craphic form. while in Talble 1 the same sehedule is eiven in tabular form. The
seliedules for other sizes and speeies are alzo eiven in tabular form in Tables
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2 {0 6. The curves illusirate the rapid loss o

£ moisture when the timber is very

green, owing to the high rate of transmission through green timber, and they

show also the slow drying in the final stawes,

when the timber is in a fairly dry
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condition and has a very low rate of transmiss

ion.  Another eause of the slowing

upr in the drying is that at the beginning of the ruu a high moistare gradient is

huilt up, but as the run proceads the differcne
the inside and outside becomes less and less.

e between the moisture =wnbanf of
Tt should be realised that the dry-
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ing curve shown indicates the average moisture content of a piece of timber at
any stage in the deving. The centre of the piece will be above this average,

while the outside layers will he lower and praetieally in a state of balance with I
the femperature and relative hamidity of the air. l Mois
Cont:
Tavrye 1.
DRYING SCHEDULE FOR 1wy, JARRALI, |
: | | gree
Moisture | Dry Balb Wet Bulb Saturation Relative Temarks ' 36
Content. " Temperature,  Temperature. | Temperature.  Humidity RIS | 25
I i 20
L — : e — | 7
per cent. b 1 ’ | per cent, ]fj
green 107 101 ‘ 100 | 81 13
10 100 w2 0| ik | 12
30 111 : 102 104 ! 72 11
25 i14 w100 6 | 10
200 1 117 104 i 100 61 1
17 120 103 | 100 i 53 ! |
14 125 104 | 100 | 49
12 o 14 jon | 42 |
10 150 ; 144 144 | 83 High humidity treat-
ment. o
|
TapLe 2. |
DIEYING SCHEDULE FOR Llis, JARRAIL Moistus
Conten
Moisture Iy Halh Wot Halh =SntimEion Felntlivi il =——
Clontent. | Tonpeentini, | Pempesstoe, | T AL rak i e, Hrmichity, Remarks. per vent
. green
= 30
per cent. 1 1= I e cent., 25
green 106 Rl 100 8 i 20}
40 108 tl 100 79 7
30 [BIH L2 100 T 15
25 ] 113 W) 100 154 13
20 117 03 100y Gl 12
17 120 13 100 Al i1
14 | 125 104 o 44 10
12 : 130 14 1on 42
10 150 144 144 83 High humidity treat- —
nienit.
TapLe 3.
DRYING SCHEDTLE FOR Imv. KARRL
=T, o
i\ o I . . Moisture
Monstaro | [*ey Bulb I ‘\\-‘ct Bulb ‘b;n-um-flon iclative Bemarks. Content,
Uantan) Pemperature,  Temperature. | Temperature,  Humidity.
| i ——
per cent,
Jper cent. e = 1 per cent. 4 él.é(i?t
green 104 ! Lol 100 - 40
3H 104 | 10% 1006 84 20
20 108 101 100 i) 25
20 111 102 106 72 20
17 115 103 100 6 7
15 120 103 100 ab 14
13 125 10 100 49 12
12 130 104 Loo 42 11
1t 135 105 100 37 0
1} 150 144 144 51 Hizh homidity &resd- : )
L —_—
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Tasre 4.

DRYING SCHEDULE TOR 13, KARRE

Moisture ~ Dry Bulb Wet Bulb Saturation R lative Remarks. *
Content. ; Temperature. | Teniperature, Temperature,  Humidity., Y =
- E—
Ire I i per cent.
green 99 96 1 50
35 101 [E13] 93 54
25 103 06 51 79
20 104 47 95 72
17 L0 97 ] fid
15 115 98 95 55
13 120 H9 43 48
12 125 LOG 95 42
11 130 101 95 37
10 150 144 144 85 High humidity treat-
| ment.
TaBLE 5.

DRYING SCHEDULE FOR KARRI 2mv. THICK AND THICKER.
Mutatarm Py Bl Wt Bull Saturation Relative B X
Contente | Tronperntime - Temperatuns, | Temperature. | Humidity, g
per cent. I F ke per cent,

green 94 91 90 88
35 96 91 90 83
25 98 92 90 78
20 101 92 90 72
17 105 93 90 63
15 110 04 90 b
13 115 95 90 47
12 120 96 90 41
i1 125 46 90 36
10 150 144 144 85 High humidity treat-
ment.
TaBre G,
DRYING SCHEDULE FOR lix. TUARI.
Miistin re Dy il Wt Hialb Baturation (1 e
Coptent. . | Temperbum, [ Tomperatumn, | Tempernbin, Humidity, Remarks.
per cent. ¥ e I per cent.
green 105 101 100 86
40 107 101 100 51
30 - 109 102 100 ki
25 111 102 100 V2
- 20 114 102 1040 G6
17 118 103 100 59
14 124 104 100 50
12 131 105 100 42
11 130 106 100 33
10 155 150 150 88 High humidity treat-

ment.



(G4

In an ideal schedule, the terperature would gradually be Inereased and the
reiative humidity gradually lowered in the form of simooth curves.  In practice
it is more vonvenient to make the change in a series ol steps, these steps being
wade ag large as possible in order to veduce the number of resettings of the
control intsrunients.  The drying eurve shown is, of course, ideal, and would
aetunally e somewhat rvegular as a consequence of the step changing of the aimo-
spherie conditions. At the end of the drying run 1= =hown a period of high fan-
perature and high relative humidily during which the timber abso:bs wmolsiure,
This treatmenl is for the removal of casehavdening, and can be used istead of the
steaming treatiment.  One of the disadvantages of the =lestuing treatment i. that
wihen the fiwber is severely casehavdencd, the saturafed atmosphere of steaming
has to be eontinued for =nch a lung time that excessive veabsorptior ol meisture
by the tiwber takes place.  When 1his molsture 1 redried oul, (ensi'e stresses ave
sel up in the surlace lavers owing to reshrinkaere and a condition kuown as reversed
stress or oversteaming is eaused.  This econdition, 1 the stresses ave severe, 1s as
deleterious us casehardening, with the additional disadvantage that 1% is e owore
difficult to rewove. By using a high lemperature treatment with the relafive
humidity below satwration, the possibility of excessive reab=orplion 15 practically
removed.  The procvess has, unlortunately, the disadvantage that it takes much
longer. The decision as to which freatment i= to be used must rest with the individ-
nal operator. When high homidity treatment is to be employed it iz a considerable
ceonomy in time (o remove caschardening by a steaming treatient when the timber
i oat 14 or 15 per cenl. 17 dryving below this figure is earefully carrvied ouf, the
extent of easehardening at the end of the run should not he grent, and ihe period
of treatment will he comparatively small,

For steaming and high lnidity treatiients to be effective, o cortain amount
of reabsorption ol moisture by the wood Is neeessary.  These treabments must,
therefore, he carvied out ar {emperature 107 17, or prefevably 15% K. or more,
higher than the dryving temperature previons to the commeneement of the treat-
ment, in order that reabsorption will cecur. The veazon why the temperature of
the timber must be less than that of the suerounding humid atmosphere will be
apparent upon further consideration of the Taws yelaling to evaporvafion and eon-
densation.

Thal it 1% necessary to supply abont 1,000 British Theymal Units to vaporise
1 1. of water in wood hax already been mentioned, In other words, the water in
the state in which iU exists In wood has no latent heal of vaporisation. Supposing
a piece of dry wood he placed in a satwrated abnosphere the temperatvre of whieh
is sliehtly higher than that of wood, then, since the moislure eonfent of the wooil
iz below the balanee point for these condiions, ah=orption of moisturs Ly the wood
from the air will take place. For every pound of water absorbed, latent heat will
be liberated 1o the amount of aboui 1,000 BTHh UL, owing to the passags of moisture
from the gaseous stale in the air to the equivalent of the liguid state in the wood.
This Jiberated latent heal ean enly be dizposed of by transniission fo scme material
at a lower temperaluve, in this eaze, the woold.  As soon as the temperature of the
wood Tises to that of the surronuding air, absorption of moisture by the fimber
must cease, for there is na provision for the ahsorption of the laten! heat. This
temperature action is likely fo be more provounced with high humidity than with
steaming freatment, for when steam i liberated into a kiln the atmosphere beeomes
filled with a fog of minute drops of water, and these can be ahzorhed hy the wood

without temperature change.
It is impossible to lay down empirical rules for the duration of {reatments

for the removal of enschardening. With lin. fimber, severe caschardening at the
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end of & run wmay require six hours, or even a longer period of steaning, while
with thicker timher this figure may have to he doubled. Hizh humidity treatment
may require up to 24 hours for Iin, tinber,

Sonietines during the run, pardenlarly in the case of thick stoch, cracks will
he noticed in the early stages, This 15, of eourse, an ndication of oo severe drying
conditions, and may he ecansed by toe severe a schedule or by inahility to operate
the kiln acenrately to the sehedule. In the formoer case, the relutive hnoidity must
be inereased =o that drging from the surface proceeds at a rveduced rate. In the
latter ease, it i= often advisable to drop the dey bulb temperature of e schedule
5% IF, or in bad eases 10° ¥, the velative Immidity remaining the same or perhaps
being slisitly inereassd. At lower temperatures contrel of the kiln is more casily
effeeted, o that by this means the Laulty conditions can be corrected. Cracked
sinber must be watehod earvefully, and if the cracks nip in ab the surface it is an
indieation that the timber is enseiavdening.  The condition is corrected by a
steaming treatient of {wo ov Hiree honrs, at, say, 20° F. ahove the drying tem-
perature,  Chre must be taken at the completion of steaming that the timber is
reduced to the schedule dyying temnperature in an atmosphere at or ueav saluration,
Lor the heat available i the tinther iy capable, with faivly dry air, or hardening
the surfaee in o very <hort time, LRepetition of the nipping of the eracks miust
he countered again by a steaming treatuient, for it will be Tound 1hat unless this
nipping condition is yemedied, upon the completion of drying, the tiwber, although
appearing seund from observation of the surface, will have internal eavilies in the
locafions of the original cracks, and these eavities will become all too apparent
upon removal of the outer lavers of the Hmher during machining,  Wiicere eraclki g
s not preseot, the existence of caschardening is often indieated by an excessive
reduetion i the deving vate, and here awain the cure i short-period steaming,
which may have 10 be vepeated periodically througheout the run. 14 should be
vemembered that <teawming -is a irestment for the soflening of wood eclls helow
live saturation point. Wond cells which are above Abre snfuration eannot be
harvdened, and therefore requive no treatment: in fact, steamine of these cells in
sowe eases may have deleterious result«. I steaming is necessary when the inside
colls are still above fibre satmralion point, it sheold alwavs he of comparatively
short duration, so that only the surface eells ave affecled.

The 1in. Jarvah sehedule given is a conservative sehednle Tor the rupid season-
ing ef wide backent boards for higher grade purposes, Narrow Jarrah boards
are not o likely fo warp and evack, and for these the schedule can be nercased
in severity,  Quarter cut Jarrah has not the tendeney to erack and warp that back-
cut matevial has, hat the rate of drying wnder similar conditions i« appreciably
slower.  Tor nurrow hoavds and Tor quarter et boards, therelore, the temperative
of the sehedule ean be inereased throughout 10° I, the relative humidity remaining
the same, or being =ightly lowered., Seledules for fhe drying of thneker sizes of
Jarrabh for higher grade uses ave included in the tabular form, For 114in. Jarrah,
Table 2, aud for 2in, Tarrah, Table 6, respeetively, are used, while lor Jareah.
thicker than 2in. Table 4 can be followed. The lin. schedule should be uzed Tor-
material less than lin. thiek. The time of drying of lin. Jarrah has been given
as 28 days. With n spray press of 50 ar G0 Ihe, in the early stages of the run,
and elimination of any wet pockets, this time conld probably be redueed ‘in the
Tiemanm kiln fo 26 days or even less, With 2 blower ov inferna! fan Eiln, the
time would probably he 24 or 25 days. Half-ineh timber would prehably dry in
zbout one-thivd of the time required for Tin. timber, but for timber over Tin, thick
the time of drying will vary as the thickness; for example, 2in, timber will take
fwice as long as Tin.
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It has been mentioned that a board on the leaving air side of the stack: tends
to dry more slowly than one on the enlering air side. In the schedule given, it is
the moisture content of entering air side timber which must decide the temperature
and relative humidity conditions of the kiln. In some eases, however, the lag of
the spray side is so great in the early stuges, that at some later stage the rate of
drying here becomes exeessive. In this case, the severity ol drying condifions
must be reduced at the expense of a slowing up of the drying rate on the entering
air side. Sometimes also in the later stages ol the run, & lag occurs in a portion
of the stack althengh the civenlation there is kuown to he salisfactors. This is an
Indication that at some period drying in this area has taken place at an excessive
rate and the timber is severely casehardened. The cure lies in a steaming treat-
ment,

Karri.

The standard schedule of lin, Karri is Lor narrow and wide back ent boards
whieh are required seasoned in o perfecl eondilion. The outstanding features in
the drying ol Karri ave the readiness with which checking takes pluce, and the
tendeney to cascharden owing to the low rate of moisture fransmission. The
former feature necessitates very carveful operation in the emrly slages of the run;
the latter, periodieal steaming for the removal of rasehavdening, Az a compara-
tively small departure rom scheduled conditions for a few hours may, in the early
stages of a Karri run, cause serious checking, Doth kilng and equipment for this
tinber must be of the best quality. Tn construetion, roofing felt must be ineluded
in the specification of wooden walls, and every care must he taken to secure a
well insulated, reasonably air-tight building, while in operation particular atten-
tion must be given to the mainifenance, setting, and calibration of all control equip-
ment.  Quarter cul Kl dries move slowly than back eut, und although it does
not check as easily, vel it has an appreciable tendenev to form fine evacks in the
direction of ilie annual rvings. Quarter cut hoards should be dried te a schedule
5° F. higher than the standard, with the same relative humidity.

The standard sehedules for greater thicknesses ave given. Table 4 is used for
1%%in. Karri and Table 5 for Karri 2in. thick and over. Tor thicknesses below
lin., the lin. schedule should he used. 1t is recommended that an operator should
not attempt to dry Karri greater than 1lin. thick until he has seasomed at least
one charge of lin. Karrei in the kiln to be used, or in the case of a hattery of kilns,
in one of the kilnz to be used. Steaming treatments, cte., for Karvi follow the
same rules as those for Jarrah, the only dilference heing that slightly longer periods
are necessary thronghout.

The time of drying of lin. Warri in a Tiemann kiln has been estimated at
39 days. As this was computed from the results of experiments with s kiln hand
controlled, it iz very probably considerably high, TImmatore Karrd 1in. boards
from logs 2ft. dlameter at breast height, grown in South Afrien, were dried there
to 7 per cent. moisture in 31 days, inelnding fwo days’ final hmnidity treatment.
This test was earried ont in a blower kiln. 1t was considered that the schedule
was conservative and conld be aceelerated. Similar timber 134in. thick was dried
m a Water Spray kiln fo 10 per cent. molsture content in 49 davs, althongh in
this ease control was not considered to he satistactory and the spray pressure
uveraged only 44 Tbs.

Tuart,

The schedules for Tuart are only provisional, as they are based on insulficient
data. The sechednles are conservative, and it will probably he found that after
one or two runs they can he made more severe, with consequent reduction in .drying
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time. Tuart, which is a denser timber than Warri or Jurrah, has, like Karri, a
lower rate of meisture transmission than Jarral, but, althongh worse than Jarrah
s lfar as eracking is concerned, it s not so subject to this fault as Karri.
Periodieal steamings below 30 per cent moisture content will be found to be ad-
vantageous. Takble 6 is used for lin, Tuari, Table 3 for 1i4in,, Table 4 for Zin.,
and Table 5 for thicker timber.

Minor Timbers.

Little information iz availalde on 1he physical properties of the minor timbers
of the State, and the Following Inlermation should be regarded as an indieation
rather than as a definite pronouncement.

Blackbutl.

This timber probably has a rate of moisture trausmission as great, if not
greater, thun Jarrah, but it has a greater tendeney to check. Tentatively the arri
schedoles are vecommended, but it may ultimately be found that the Jarrah
sehedules may he approached, or even adopted. Steaming treatments will prob-
ably approximate those of Jarrah, The drving time will he mueb less than that
of Karri,

Marre,

The Jarrah sehedule can be adopted, but this will possibly he found to be
somewhat conservative,

Red Tingle Tingle.

The Jarrah schedules should give perfeet material with a higler drying rate.
Gollapse is likely to be a feature when kiln drying this timber. If it is enconntered
with the lin, schedule, the temperature should be veduced 10° F. throughout. 1If
it is considered that the Jarrah schedules ean Le made more severe, this should
be done by reducing the relative humidity throughout, not by increasing the tem-
perature, as this Iafter course is likely fo result in a serious increase in the tendeney
to collapse.

Yellow Tingle Tingle.

The Karri schedules nre recommended initially, although the Tuart schedules
may ultimnately prove more suitahle.

Wandoo.

Wandoo has & very low initial moisture content, probubly between 20 and 35
per eent, The Karri schedules helow 33 per eent. are recommended. Brying times
will probably be considerably longer than for Karri.

Salmon Gum, Morvel, York Gum, Yate.

These are dense titnbers of low initial moisture content, The recommendation
with regard to Wandoo 1s applicable o these woods,

Banksia, Sheoak, and Native Pear.

The Jarrah sehedules should not be too severe. In the case of Banksia, the
temperatures could probably be inereased 20° T. or more thronghout with safety.
The drying rate of thiz timber would probably be verv rapid.
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Schedules for Semi Air Dvied Timber.

Where the seasoning of malerial which has previously been al: dried fo a
greater or lesser extont is to he completed in the kiln, timber vequired for higher
grade uses should be given the schedules above, eommencing at the- temperature
and relative humidity corresponding to the moisture content of the charge in
question.  If, before kiln drying, tests disclose caschardening, the timber should
he heated up in a saturated atmesphere {o the temperature of the eommencement
of the run, or, in cases of severe casehardening, to a higher femperature, and it
should be maintained at this wuntil easehardening has heen removed. This treat-
ment may cause a congiderable depesition of molsture on the surface of the timber,
and this will have to be removed hefore drying of the wond commences. \Where
caschardening is absent, thevefore, it is more economieal to heat wp in an afmo-
sphere of g relative humidity, approximately that speeified for the commencement
of the run

Schedules for the Clarke Kiln.

. The drying schedule for partially air dried lin. Jarrah floorving board stock
Pelow 40 per cent. moizture iy to maintain the entering air temperalure at abont
120° I7,-150° F., veversal of eirenlation taking place every 24 hours. If existing
ehecks open up wore, or fresh checking oceurs, reverse every 12 hours antil 25 per
cent, meisture confent iz veached, It will probably be found that the temperature
inereases somewhat towards the end of the run. This 1z not deleterious. Wox
drvying green Jarrah, 120° I ghould not he cxceeded uniil 40 per cent. moisture
content iz passed, and until 30 per ecent. molsture content is reached reversal should
take place cvery 12 hours. In some cages a steaming peried of fwo hours at
160° F., when 20 per cent. moisture content iy rveached, will decrease the drying
time. For final steaming six hours, rising to 200° I, is recommended.

In drying Karri below 30 per cent. moisture conlent, comimence with a teni-
perature of 120° k. Steam for two howrs al 160° T, when 18 per cent. moisture
content is reached, The capabilities of the kiln in drying Karri above 30 per cent.
moisture content are not known., Iinal steaming will be six hours, rising fo 200° F.

Blackbutt dryving conditions ave the same as those gpecified for Jarrah,

Feonomy of steam consumption ean he effected when steaming by bringing
both os¢illating dampers to the inlet position, and closing the outlets to air of the
inlet Mue beneath the floor. A separate steaming Liln ean he provided if desirved.

After final steaming, dampers should be returned to their normal positions,
the inlet flue reopened, and the direction of alr circulation veversed at lengthening
intervals, By about 12 hours, o perhaps less, after the completion of steaming,
most of the moisture absorbed from the steam will be found to have evaporated.
Slight reversal of casehardening siress may be present in some cases, bat this will
not be sufficient to be deleterious.

The high temperature final steaming causes a slight brittlencss in the timber,
but this is not sufficient to cause a veduction in value, and is movre than offset by the
goftness of the final product. This softening results in Improved machining with
a reduced blunting effect upon the knives.

The possibility of using high temperature steaming when drying timber for
joinery and similar purposes is worthy of consideralion, particularly in eases where
much of the working has to be done by hand.

Specimen Boards. .
Sinee the drying conditions of the kiln atmosphere are governed by the state

of seasoning of the charge, it becomes necessary to have some method of deter-.
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mining the moisture content of the timber at any instant. "This determination
could be made by withdrawing pieces of timber from the kiln and making on them
direct tests for moisture content. Tf many determinations were required, this
method in addition to its inconvenienee would become somewhat costly, owing to
the amount of timhber destroyed in testing. Direet tests are, therefore, reserved
for special oceasions. It is far more convenient to place in the stack a number
of specially prepared samples or specimen boards, the moisture contents of which
have heen determined prior to their inelusion in the siask. These samples are so
placed that they can readily be removed to be inspected, and also to be weighed,
for, from their weights at any time the mojsture contents of the boards can be
computed.

Placement.—The lirst essential of a specimen hoard is that throughout the
run it must be Gruly representafive of the timber adjacent to it; the second is
that its original moisture confent and weight must be accurately defermined at
the time of preparation of the samiple: the third essential iz that it must he piaced
so that it can be removed at any thue from the stack, convenlently and rapidly,
in order that Ly weighing it a defermination of moisture content ean be made.

The third essential limifs the length of the specimen board, usually to about
2ft. or even less, for it ean most readily he vemoved if it is placed between spaeing
strips. Sometimes where strips are very elose together it may he necessary to
increase the length to nearly (wice the spacing of strips, and allow one strip to
bear on the hoard in its centre. If this strip is likely to bind the sawple, the
portion of it above the board should be vemoved. Tn avder that the first essentiol
may be complied with, it is necessary lo see that in the placement of samples,
there is no interfercnce with the cireulation, nor are there in the vieinity of the
sample, spaees, o1 blanks in the stack of any kinds likely to give an excessive
supply of ‘air to the surtaces of the hoard, The placement of specimen boards in
the sides and ends of 4 slack is shown in Fig. 148,  Where back cut
wide boards are being dried it is not usually practieable to make the samples of
Tull width, for these being unrestrained often warp and either bind on the atrips
or elze interfere wtih the circulation. The sample is therefore made six or eight
inches wide, and in placing it in the stack the full width is wade up by a filler
piece adjacent to if.
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CUTTING oFf SAMPLE BOARD.
Fic. (44

Preparation—To prepare a sample a plece of timber is taken, and from it
is docked a length slightly greater than that requived in the sample. From each
end of this is cut a molsture conient seetion upon which a moisture content deter-
minationi 1z made, and the sample board left is suitably marked for identifieation
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and weighed. The first precaution to be taken is due to the fact that timher dries
much more rapidly throngh the ends than through the sides. The result iz that
the end fool or two of a piece of timber is not veprescutative of the condition of
the board. When cutfing a speeimen board, therefore, about 18in. ox 2ft. are
first discarded and then the length for the sample is docked, This comparatively
rapid end drying also makes it essential that molsture enmtent scctlons ent from
the ends of the sample must be weighed immediately after enfting,  Defore
weighing scetions, however, it is necessary to scrape off loose fibres, as these be-
come brittle in the dyving oven, and fall or are brushed off, with consequent in-
sceuracics.  As soon as possible also the ends of the sample board must he ceated
with end-paint in order that end drying may not cecur here, and the sample board
must then be weighed. The order of procedove 1s, therefore, dock the diseard, dock
the sample length, cut the moisture content seefions, weigh the sections, paint the

L af Stack

PLACEMENT of SAMPLE BOARDS.
Fic. (4B

ends of the sample, and finally weigh the sample.  All these operations must ho
concluded in the shortest possible time.  In very hot dry westher 1t 18 sometimes
advisable to enl a moisture seetion from oue end and weigh it, and then et a
Toin. digseard hefore cufling the moisture section from the olher end of the sample,
The necessary qualities in the end paint are that it will be impervious fo moisture,
that it will stick Lo the end of the timber, and that it will withstand the kiln tem-
peratures.  Suitable end paints are:—lampblack amd vesin orv tar wmixture; piteh
or bitumen and tar nnxture: bituminous paints with the velatile constituents
expelled.  The end paint must be hot and is Dbest applied by dipping the end,
althongh earveful rushing is satisfactory. A thick coat adhering well and com-
pletely covering the eud should Le siven, while care should he taken that the paint
does not boil.  The preparation of a zample hoard is shown diagrammatically in
Fig. 144, Care must be taken that sampleg are prevented from dryving until they
can be placed in position in the stack.
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The number of samples to be included in a kiln run may vary from two to
a dozen or more, according to eireumstanees, Tn the initial yun of a kiln, or when
modifications have been carried out, it is advisable fo inelude the maximum number,
but reduetion can be made as the hehaviour of the kila becomes known, Where a
Kiln iz in use continually for the drying of the same clasg of material, from two
to four samples would probably be sulfieient. Tn placing specimen boards for an
initial run, it should be remembered that eonditions are wsually most severe at the
top of the stuck on the entering air side, and at least one sample should be located
there. Portions of the stack where the eirculation is likely to he helow normal
should also reeeive samples, as these will probably be the slowest drving areas.
Where a large number of samples arc included in the charge several samples can
advantageously be cut from the one piece of wood, if it is of sufficient length.
Where the number of samples is four or less it is advisable to cut each sample
from a separate piece of wood. When selecting picees of wood for sample hoard
material, care should be taken to select timber which appears to be of the highest
moisture content. 1[ a back eut charge includes matexial eut other than on the
tangent, a piece of this should be chosen for one of the samples to be located in
the slower drving areas.

It is often convenient when cutting specimen boards to eut also a few pieces
about two or three fect long, paint the ends and inelude these in the stack along-
side specimen boards, When pieces are required for caschardening tests these
short lengths can eazily be removed to provide the necessary matferial, and it is
thus not necessary to deplete the nunber of sample boards.  1f there is any doubt
as to the refiability of sample boards it iz advisable to withdraw a hoard or two
from the kiln for direct test, before tlie timber 1s removed from the kiln. In any
case it is advisable when nnloading a kiln charge to scleet a number of vepresen-
tative picees and test these for moisture conient, moisture distribution, and drying
stresses.

A typical series of caleulations from the preparation of a sample board would
be as follows:—

Frrst Scorion—

Weight as cut ... . 05-4 gms.
Weight after oven drying ... . 50-9 gms,
Loss of weight ... * 405 ams,
loss of weight 100
Moisture content ¢, — ——— X —
oven dry weight of section 1
40-5 100
K== = T8,
50-9 1
SECOND SRCTION—
Weight as cub ... 89-8 gms.
Weight after oven drying ... 50-3 gms.
Loss of weight ... . 39-3 gms.
395 106 ‘
Moisture content Vo - - Wo—— = 785 Yy
50-3 1

Average moisture content of sections 1 and 2 = 79%,.
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This is assumed to be the average moisture content of the sample.

Mcisture content of sample when eut ... = 7979,
Weight of sample when out — 6-55lbs.
Dry weight of sample Weight of sample 100
Moisture percentage plus 100 1
6-55 100
= X —— =z 3-461Dbs.
179 1
A typical record of the drying of this sainple i shown in Table 7.
Tavre 7.
SAMPLE BOARD DRYING RECORD.
Trath No. of Weight Dry Moisture | Moisture L
Dﬂ'.t'b‘ days. at date. = Weight. | eontent. | content. IR
Ths. o
1-6-27 6:55 3-66 2-89 it When cut.
2-6-27 1 6-30 3-66 2-64 72
3-6-27 2 6-07 3-66 2-41 16
4-6-27 3 5-85 3-66 2-19 60
5-6-27 4 564 3-66 1-98 54
19 |
days |f !
25-6-27 24 4-10 3-66 0-44 12-0
26-6-27 25 4-06 3-66 0-40 11-0
27-6-27 26 4-04 3-66 038 10-3
28-6-27 27 4-03 366 037 100 Drying completed.
29-6-27 28 4-03 3.66 042 11-5 After high humidity
treatment.
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CHAPTER 7,

AIR SEASONING.

The term air seasoning covers a very wide range of drying practice, from
the erudest to the most expensive of processes. At the hotlom of the seale in this
State, there are stacks of timber without any deliberated provision for separating
the surfaces of the boards, and in these that drying whiel oeeurs is due to air
movement through spaces eauged by eareless stacking, and irregularities of eutting
and shrinkage. Where seasoning and not storage is the object, sueh methods are
fortunately confined to sleepers. Next comes the practice of sirip stacking timber
in the open air with more or less protection from sun and rain. Where strict
attention is. paid to stacking conditions, good results are often obtained with cer-
tain classes of timber, but elimatie conditions introduce factors of enormous im-
vortance, which unfortunately are ravely recognized. The highest form of air sea-
soning is that carried out under cover, and in this method there is sometimes the
refinement of provision for shutting off excessive air movement when the atmos-
phere i so dry as to be deleterecus, or in other words of stacking the timber in a
closed voom. Troviding sullicient precautions are tuken, the most refractory tim-
hers can be alr seasoned by this method. It shonld be recognised, however, that
if, as is sometimes done, a fan, a heating =ouree such as a radiator, or a combin-
ation of these is included for assisting the drying in the later stages, the room
virtually becomes a kiln used with a combined air drying, kiln drying system.

Sinee geasoning in the open air is the only method adopted to any appre-
ciable extent for the seasoning of leeal Euealypts, it is not surprising to find that
the larger proportion by far of the product consisis of narrow boards for floor-
ing. This ix due to a certain extent, fo the lack of appreciation of the principles
underlying air seasoning, n defiricney which has led to the belicf that these Fuca-
lypts cannot be thoroughly aiv seasoned or for that matter kiln seasoned. Tt has
already been proved that Javvab, Kaxyyi, and their fellow timbers ean be thoroughly
kiln seasoned, and it may he definitely stated that they can be thoroughly air sea-
sonerd.

[t has been mnentioned that narrow boards constitute the bulk of the Jarrah
and Karri which is used in the seasoned form. Recent tests, which are sfill pro-
ceeding, on the air seasoning of Jarrah fiooving stock, have provided some interest-
tng data which indicate the limitations of present praetice, and the improvements
desirable to clevate the exisling standard of this produet.
© Stacking is usually earried out in yavrds with several sets of more or less par-
allel railway lines, the length of the stacks being at righi angles to the dircction
of the lines. With the exception of short pieees sueh as verandah boards about 8ft.
and wnder in length, random lengths arve stacked and hence stacks ave usually long,
60 or 70 feet being common. The width of stacks varies tfrom 4 fo 7 feet, while
the Leight at times i3 as great ax 12 or 15 feet or as high as the stackers ean lift
in one handling. The thickness of #trips varies wsually from three-eighths (o one
inch, the width from one to three inches. The tops of stacks ave covered with
rough hoards as a protection from the sun, No attempt is made to proteet from
rain.

The eare with which stacking is carried out varies between wide limits. Tn
zomé vards clean conditions generally, good foundations, verfical lines of strips
direefly over foundations, net move 1han 2 feet or 3 feet apart, a spacing of not
less than three or four feet between stucks, and no overhaneing boards at the end
of the stacks, eontrast with the poor foundations, ivvegnlar and insufficient strip-
ping, overhanging ends, and heaps of strips and low grade timber hlocking the
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eireulation around and between stucks, all of which, particnlarly in the smaller
vards, ave far too common. The former eareful practice, especinlly when aceon-
panicd by open spacing of the boards: with the epenings vertically above one au-
other to facilitate air circulation downwards through the stuck, and where docking
of blemished material hetore stacking i emploved, results in faster and more even
lrying with a minimum of deterioraticn owing to scasoning faults. Virtue in this
case brings its own reward, Lor it has been formd that where stacking methods ave
the best, the convenient half-ineh strip is sufficiently thick and during summer
staeking is cven preferable to the thieker strips, which are necessary Tor satis-
Tactory drying in less enrcfully conducted vards.

The sites of stacking vards ave onfortunately often tixed by the locations of
mills and railway sidings, but whevre choice exists, exposed areas well drained or
with moisture abserbing soils shonld be secured. Wheve conditions from this stand-
noint in existing vards or on the Dbest sites available, are bad, the provision of
suitable drainage must be vegarded as a profitable investment.

The bigeest diffienlty of open air seasoning haz been shown to be seasonal
eriation in moisture content.  As soon as winter raing comnnence the moisture
content of stacks rises, due to water which falls divectly on or leaks through {o
hoards being absorbed.  The vesult is that during winter months and during sum-
mer months, until this moigture has been dried off, no seazened timber is available
in open air stacks. .

Unfortunately except in those vards, where stacking conditions ave the best,
the high reabsorption during winter, combined with the small amonnt of summer
rain i saflicient during some sonuners to prevent the timber from ever veaching
a thoronghly air seasoned stale. Thus, where stacking conditions arve bad, most of
the stacks which leave the yard during the summer have an average moisinre cou-
tent approaching 15 per eent. or 16 per cent., although boards of 18 per cenf.
moisfure content, o1 even hicher, are not infrequent. On the other hand in the
best yards the loss of the moiature reabsorbed during the winter and during ocea-
slonal swmmer rains is comparatively rapid, so that for most of the snmmer months
sfacks are available of an even moisturve confent of 12 to 14 per cent.

1£ dry boards ave to be available during the winter months, one of two courses
must be adopted. Either stacks must be provided with an efficient rain eovering,
or else timher rvequired during the winter monthg must be unstacked during the
summier aml placed under cover. 1t seem= probable that the former alternative
would prove the moe ceonomical, 1 some method suell as sloping stacks in the
width towards the weather about half-inch per foot to vednee the penetration of
vain into the stacks and to prevent nmoislure trom lying on the boards were com-
bined with the provision of cheap but waterticht slopine voofs made up in see-
tions [or convenient handling. Tests have shown that not only is the rate of re-
absorption of moisture by the surface of timber comparatively slew, but also
that even after a few davs in eontact with water the surface layers only of a dry
board are affected. I, therefore, water can bhe prevented from lying on the sur-
face of boards, slight wettinges will not be very serious, for the moisture absorbed
will bhe redueed before it has an opportunity to penetrate deeply.

At present the panacea for all evilz attendant upon the nsze of impreperly
seasoned flooring is to machine the timber some time before it is required, and
then staclk for further seasoning, either in the vieinity of the maebine, or near
the building in which it iz to be nsed.  In neither case is flie material usually
properly stripped fo provide even drving, and in zome cases it s stalled or flat
stacked without any deliberate provision for air eivenlation.  Sometimes also the

wond is stacked ont of doors with little o1 no protection durine the wet months,
when there is a shortage of space.

The prime objeet in stacking {imber after machining is to permit further
shrinkage to take place. Tnfortunately, flooving boards swhich have heen impro-
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perly seasoned practically always have a eonsiderable variation in moisture con-
tent from board to board, and throughout the same board. Afier machining all
hoards ave of exactly the same width, but if further seasoning to a constant mois-
lure content is permitfed the original variation i moisture content will result in
different amounts of shrinkage. If to this effect are added variations due to tho
wide dilference in total shrinkage between different Jarrah and Karri boards,
and sometimes variations due to the irregular methods usnally employed in this
secondary seasoning, the total effect upon the variation in width of the boards,
when they are ready to he laid, will be congiderable. While, therefore, stacking
after maehining prevents to a variable extent the opening up of foors along the
Joints, it s often impossible to lay a good floor with sueh boards as they are in-
frequently of exactly the same width.

With thorough seasoning in the stack, seasoning after machining is not, cxeept
in special eases, necessary. [t is thus far more economical to season properly in the
first place than to ineur the expense of attempting to enre conditions which need
LEVET OCCur.

Laek of appreciation of the cvils of eareless practice in the past has built up
to a large extent the helief that with the Jarrah and Karri flooring a eertain
amount of opening up and ol atfendant faults is inevitable. This is certainly not
the case, for these timbers can he thoroughly air seasoned, and when they ave
nged in this State they will give entive satisfaetion.

On the air seasoning of Kami and Jarrah, thicker than flooring, few experi-
ments have been made. Jarrah is strip stacked for air seasoning in the open, and
in sheds for joinery waterial. That in some respects seasoning is not thorough, is
shown in one lavege vavd by the practice of seasonine joinery for several months
afier it has heen manufacinred, before it is finally glued, wedged, and finished.
This procedure is also not an uncormnon feature of specifications,  Such methods
dre expensive and far from satisfactory, and they indicate that investigafion into
the seasoning of this class of material is long overdue. Scarvcity of seasoned local
timbers, in the thieker sizes, is often prevzlent, and frequently results in the use
of gemi-dry material with consequent dissatisfaction. This is an additional cause of
the erroneous helief that it is impossible to obfain proper servies from loeal
timbers in the seasoned state.

One test of note may he mentioned, in which Jarrah door stock was submitted
o the combined seasoning process. The material was stacked in the spring with
Tin. strips, under cover, to aiv season tor 5% days and was then loaded inte a kiln
and dried for 21 days. The oviginal moisture content vavied from 75 per cent. to
68 per cent.: after air drying it was 27 per eent. 1o 18 per cent., while the final
Lkiln moisture ¢ontent was 9 per cent. The fotal drying time was orly 79 days,
whereas if the maferial had been dried throughout in a kiln, the period swould have
heen 45 or 50 days. As the qnality of the dried timber was good, the lest indieates
a profitable line of investigation.

The desirable conditions for the stacking of timber for air secasoning may be
sunimarised as follows:—

Foundations elevating the bottom layer of the stack well above fhe gronnd
and sloping slightly in the widfh towards the weather side.

Strips 14in. thick and 144in. wide spaced al 2ft. § centres in vertieal lines
dii'cetly over the foundationg, Boards open spaced with openings verlically above
one another.

The spaces between staeks unobstructed and at least 4ff. wide.

Stacks fo be protected with rainproof covering, sloping in the dircetion of
the width of the stacks fowards the weather.

While the desirability of these conditions bas heen determined from-the re-
sults of investigations on flooring boards, they form a valmable indieation as to
the best procedure for seasoning thicker fimber.



CHAPTER 8.

FEATURES OF SEASONING PRACTICE.

The Moisture Content of Seasoned Timber.

The simplest method to test if a piece of wood ix thm-ough]y seasoned iy to

test for meisture content, moisture distribution, and Presence of drving stresses.

But it is necessary hefore a pronouneement ean he made to know what moisture

content can be regarded as a measnre of thorough seasoning. The moisture content

at which the surface of a piece of wood wust be to hulance the tempetature and

relative humidity of the air will be continually changing from day to day, and

throughout the same day. This change in moisture content of the wood will affect

only the surface layers to any appreciable extent. The bulk of the wood, owing
to the slow rate ol moisture transmission through dry wood, will not he able to
kecp pace with these ehanges, but will remain in an average condition. the moisture
content of which will depend on the relative duration of the various temperature
and humidity periods. A thin piece of wood will, of wourse, have a greater varia-
tion in average maisture content than a thick piece, while it the surfuces of & piece
of wood are ¢nated with seme material which r s the transmission of moisture
through it, the average moisture content of a piece van he kept approximately
constant throughout the year. From incidental data obtained during other investi-
gations, it would appear that loeal hardwoods about Tin. thick, if untreated in any
way, but stacked under cover in the vieinity of Perth, will vary from a moisture
content of about 13 per cent in winter to 10 per cent. in summer, providing that
there is a free eirenlation of air over the faces of the hoards. As most timber
which iz used for interior trim, furniture, ete., receives a coating of paint, varnish,
or some such material, the average molsture content under these conlitions is that
to which, in the majority of cases, timber should be dried. As fav as Perth is
concerned, experience has shown that timber at an even state of 11 per cent. or
12 per cent. moisture content gives very satisfactory serviee when painted, polished
or varnished. A moisture content of 11 or 12 per cent. ean be regarded, therefore,
as the desirable moistore content to which timber should he dried if it is fto be
used for panelling, furniture, furnishings, or for similar interior purposes. In
the ease of timber which is wholly or partlally cxposed to the weather, unless the
clficient, the variation in moisture eon-
materisl

moisture proof coaling is  very
tent is likely to he considerably ‘greater than iz the case with
under cover; but as to the ultimate effect this will have upon the average moisture
eontent of the timlber, there is mo precise information. Tenlatively, it may he

assumed that it is desivable to dry to the sane moisture content as in the case of
timber to be nsed under cover, namely, 11 per cent. or 12 per cent.
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Although definile information is not available, it iz very probable that for
the higher rainfall agrienltural areas thuher should be dried te about 10 per eent.,
while for the lower rainfall areas a moisture content of S per eent., or perhaps
even (0 per cent. in the ease of the driest portions of the State, would be desirable,
The figures given for Perth, viz, 11 per cent. ox 12 per eent., would probably prove
suitable for the eoastal areas fram Geraldton southwards; but these could safely be
inereased hy af least 1 per cent. when timber is to be used in the compuratively
wet elimate of the Kamrd forest country and its environs.

Timber is normally at a lower moisture eontent in sammer than in winfer,
hut under artiffeial atmospherie conditions the position may be reversed, When
the weather is eold and & room is heated, either by a five ov & radiator, eold air
enters the room and is heated to a sulliclenily high lemperature for comfort,
Enlegs a humidilying apparatus is installed when this air is heated, its relative
huwidity deereases to a considerable extent. The alr changes, therefore, from a
cold moist eondition te a warm dry ome, and in this latter state its balunce wois-
ture content with wood 1z very low. Timber in sueh a room may in winfer tend
to dry to a lower moisture content than in summer. Whilst in eold countries where
artificial heating is more or less continuous throughout the winter months, this
cffect is likely to be morve important than in the temperate climate of the South-
West of this State, there are Taclors which here make 1% still worthy of considera-
tion. As during the winter months artifieial heating is rvequired in a reom only
for periods usually less than one-third of the day, the conveetion heating systems
of colder countries are not warranted, and wavming is usually effected lareely
by heat radiation frow a live or from an clectric vadiator.  Such radiated heat
warms the air in a room indireetly fov it is first absorbed at the surface of objects
in the room, and as a result of the inerease in femperature of these surfaces tha
air throughout the room is heated by conduction and eonveetion. Heat which is
available at the surface of wood ix eminently saited for the promotion of drying
of the timber, so that the comparatively short duration ef the drying conditions
iz partially diseounted.

It iz not generally necessary to make provizion agaiust the effeets of artifieial
winter drying in this State, but In special cases where timber is required for z
room whichk will be heated throughout the winter it would he advantageous to
obtarn material at 10 per cent. moisture content. More common applications of
this kunewledge would be the selection of the driest timber for loecations in the
vieinily of a fire or heating point, and the paving of particular eare to the cffi-
gleney of moisture prool eoating: on wood i rooms which are to be heated.

Consideration should also he given In arvanging the interior of a room fo
the fact that moisture movement takes places more readily along the grain of
timher, and the ends of timber should therefore he exposed as little as possible
to direct radiafions from the heating sourec.

The Behaviour of Seusoned Fimber,

It is sometimes stated that the absvrption and loss of moisture by seasoned
timber with accompanying swelling and shrinkage are properties peeuliar to the
loca! timbers. This eharaeteristic which is usually known as the “work™ of the
timber is eommon to all timbers, and ceannot be entirely eliminated unless the
timber i1s enclosed in an absolutely air-tight ease or exists in unchanging air eon-
ditions. A further idea is that the “work’’ of the timber decrcases as the age
of the timper inereases, but experimen{s in other couniries have indicated that
such an effect, if it does oecuz, is not appreciable. The miseoneeption is prohably
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the remult of mistaking for “work” alome what is really a mixture of a constani
amount of “work” and a decreasing amount of initial shrinkage owing to the slow
loss of moisture from the central portion of imperfectly seasoned timber,

Perhaps the most common fallacy is that the best way to scason Weslorn
Aunstralinn Fuealypts is by dvving alter a preliminary souking in water. A test
:arried out on fonr boards of one ineh Kari showed that in portions of the same
hoard there was no appreeiable differcnee as far as shrinkage, rate of seasoning,
the extent to which swrface eracking ocewrred and subsequent “work” were con-
cerned, whether it was simply air sensoned or given a preliminary treatment of
four months soaking in fresh water. While in some timbers it is possible that
soakimg may result in the breaking down and leaching ont of constituents which
affect sensoning properties, it is certain that in the case of the local Buealypis
the period regnired would be so long that it plaees the method without the realms
of feasibility. For similar reasons the notion that air seasoning without rain
protection is superior, because the rain washes the sap out of the fimber may also
bhe digearded. While a certain ameunt of leaching of the comstituents of the suv-
face cells does occur, there is evidenee to show that the low rate of moisiure trans-
misggion limits the action fo a shallow depth unlesz the time iz inordinately long.

Improvement in the rate of seasoning and in the behaviour of the seasoned
timber is, by some, thought to be possible by ringbarking the tree for some time
hefore felling.  Tn an investigation nol yet completed, a jarvah tree was girdled
12 monihs before felling with cuts completely removing a section of the hark
and sapwood. When converfed some four months agoe thig tree produced timher
as green as Preshly folled untreated logs, and as far as the lest has proceeded
there is nothing to indieate that the rate of drving has been in any way affected.
While at the present stage of this investigation more definite pronouncement is
impossible, it would certainly appearthat ringbarking Jarrah trees 12 months be-
fore felling would aceomplish no useful cbject.

The ¢nestion may arise “Io the moisture content, moistnre distribution, and
caschardening tests give a complete indication of the seasoned state of the tim-
ber?? TIn other words if a piece of timber is sessoned, for examwple in a kiln,
and if it is produced at the end of the process, free from stress, and af the
moisture content desired throunghont its thickness, will this piece of wood give as
satisfactory service il used innuediately, as it would if it were stored for a few
vears before use? The swelling and shrinkage in recently dried timber might be
expecled to be greater than that which would result from atmospherie changes
in the cnse of timber which has been left for a considerable period after season-
ing. Such greater varviation in size wonld he explained by a rearrangement of ike
wood material in the timber which has just been seasoned. It is known thaf tunber
which iz casehardened will gradnally improve owing to the wood material yielding
to the slress; and as timber in drving is subjected fo stresses which ultimately
leave different portions of the timber in conditions varying to a considerable ex-
tent from that of wood material fofally unrestrained in drying, 1t wmight he
thonght thai there might, to a cerfain cxtent, be a tendency towards rearrange-
ment of the woeod material in an effort on the part of fimber to vednee thiz varia-
tion from nermal. A study of Jarrah and ISarri pronged scetions whieh have
been allowed (o stand for fonr or five vears shows that caschardened prongs after
a time lose to a large extent their tendency to bind on one another, but do not
change in shape, and oversteamed prongs show no change in condition, Thus,
where stress exizts there 1s a vielding which produces alleviaticn, bul after this
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stress has been alleviated, or where it does not exist, theve is no evidence of visible
change of eondition. It appears, therefore, very probable that once timber has
been obtained in the desired condition with regard to moisture and freedom from
stress there s no appreciable advantuge to be gained by prolonging the perind of
seasoning, and the three seasoning ifests are therclorve a veliable indiealion of the
suitability of the timber for its purpose.

The Care of Seusoned Tember.

A freqnent caunse of the unsatisfzetory behavieur in some eases of scasoned
wood is the lack of apprecialion for the necessity of exercising due precautions
after the material has been seasoned. In this eonnection attention might be drawn
to the fact that there is far too great a tendeney to exaggerate the importance of
the age of a piece of timber sinee it was eut from the tree as being a faetor in
its state of seasoning. This period only becomes a feature of importance if the
material is stored under satisfactory conditions. For example, if a staek of floor-
ing boards is put down at the end of winter without eflicient rain proof covering,
this timber will be far more Lt for use in five or six monthy’ time than it will be
ift unstacked towards the end of winter ten or twenty years later. Thus, seasoned
timber, if it is to remnin scasoned, must be gafegnarded.

Practically, confaet with water, ar exposure to a saturated or very moist
almosphere, are the features of the storage of seazoned timber most to be avoided.
0Of these, the former is, of course, the more serious, although in the case of the
latier, if exposure is prolonged, the moisture content of the timher will hecome
fav too high for satistaclory behaviour after manufacture.  Seasoned timber
must be stacked under cover, and it is desirable that the building shoald he pro-
vided with sides to prevent the entry of driving vain, With effcient cover,
seasoucd timber ean be block stacked, but it is essential that the botiom layers of
the stack should be raised a few inches from the ground. Tn faet, it is desirable
even where buildings are floored to place scasoned material on foundation eross
pleces a few inches thick, in order that there may be a free eirculation beneath
piles, and that the formation of pockets of stagnant air, which are often associated
with high humidities, may be avolded.

Moisture-proof Coalings.

Paints, polishes, and varnishes are wsually considered only from the appear-
ance standpoint, but it must not be forgotten that they have at least one other
very important property. DBy relarding change in moisture contenr, they have
the very beneficial effect of redneing the “work” of the tHimber. With varying
afmospherie conditiors, it is impossible to prevent entively moistuve ehange in
timber, nunless the piece of wood is hermetically sealed in an air and water-tight
caze, Some coatings are very cfficlent in this respeet, buf, on the other hand, many
finishes, generally considered to be effective, have a eomparatively low value. As
ne tests on moisture proofing have heen carvied out in this State, the data below
has been extracted from Technieal Note 181 of the United States Forest Products
Laboratory,

It will be noted that linseed oil has a comparatively low valus oz a moisture
resistant ¢oating, and that white lead paint is also very inefficient.

“The following table gives the results of moisture absorption tests on panels
coated with the different preparations. The percemtages are hased on average

4_“



80

amounts of moisture absorbed per unit surtace area by coated and wneoated panels
subjected to a humidity of 95-100 per eentl, for 11 days”
Fercentage

5 efliciency.
Aluminum-leaf provess—asphalt paint bhase .. . .o 98
Three ecals spav varnish coated with vaseline .. .. Lo
Three coals of asphalt paint . .. .. - . 96
Alaminum-leafl proecess—spar varuizh bhase .. o .. 95
Alominum-leat process—cellulose lacquer base .. . ..
Auminum-leaf process—oil paint hnse o3
Three coats of aluminum brouze (auick drving) .. . oo B
Heavy coating of pavaftine .. .. .. .. .. o091
Three coats of rubhing varnizh .- .. . .. .. 89
Three eoats of enamel . .. .. - .. .. 8%
Three voats of orange shellae .. .. L . .-
Three coatz of eellulose laequer .. .. o e .. 73
Sheet pyralin 5/1000ths nch thiek elied to wood .- .8
Three eoats of graphite paing (1
Three coats of spar varnish .. .. ad . .. .. 60
Tiiree enats of white lead oil .. .. .. .. .. B¢
Five conts ol linsecd oil applied hot, and iwo coats of wax .. IS
No couating .. .. .. .. o .. . R

Ave
of appreciation of the importance of nishes in vesisting meisture change, is the
tendeney to treat only swrfoces whick are to be scen. It ig not uncommon, as a

y unsalizfactory fealure of fhnber utilisation whieh is due to the lack

case in guestion, to find the upper side of a table top effectively treated against
moisture change, while the under side is naked wood, or at most has heen given
a single eoat ol polish or oil. Under these sonditions, if the atmosphore of the roem
Is gueh that the wood in the table top absorbs moisture, the nnder side will absorb
far move than the npper, nud, in addition to swelling, the tendency will be for the
top to cup.  If, on the other hand, dvyving takes place, the top will shrink and
arch. It is cssential, theyefore, that the hidden surfaces of (imber should he
treated so that they are cqually as moisture resistant as the exposed ones, although
it is not necessavy in the cage of the former to involve expense by attention to

appeararice.

Particular atfenlion 1s neeessary in the case of panelling and inferior trim
generally, for ihese arve often placed in position hefore walls have become
theroughly dry. Im addition, it must be vemembered that here agnin the ends of
pieces of timber are to be regarded as places at which molsture ehange is very
likely to oceur, and they must be safegnarded aceordingly.

Incidentaily it may he mentioned, in c¢onneetion with timber coatines, that
trouble is ofien experienced in obtaining transparent coatings for Jarrah which
will withstand the loeal eclimatic conditions and maintain a good appearance.
Rereent {ests have shown that where timber is exposed to the weather, drying oils
are far more gatisfactory than non-drying oils, while hardwood finishes of the

varnish type give the hest service of all,
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Cositimted Shriukeage.

It hias been alveady pointed onr (hat the extent of shreinkage of o picee of
timber in seasoning, hesides depending on the properties of the piece in guestion,
s alse influenced to g great degree by the (reatiment. duving drving. In other words
I a length ol timher were euf info fwo pieces of the same dimensions, and th
were dried under different conditions,

it would be quite possible when the two
pleecs Hnally reached 10 per cent. moisture content, for (hem Lo vary considerably
frov. one another in size. It is 1of surprising thevefore to find that by suitable
Lrezintent, and without derrensing e moislqre content, furvther shvinkage of o
seasuned piece of woud ean be induead.

Supposing that a eveen hoard 12 inehes wide is taken and that it is seasoned,
w drying it will sheink to some Jasser width, for example, 11 inches. The seasoned
hoaid is now placed in very sfrong metal frame 17 inches wide and i rosonled
with water. If the frame is strome enough to prevent swelling the bosrd will ro-
turn to its green condition ax far as moiste content is coneerned, hul will he only
11 inches wide.

Upon vedrying, this vesonkel piece 1L fnches wide wiil aulfer further shvink-
age, and will deerease in width o some dimension’ between [T and 10 inehes, e
ilavly by vepeating the treatment with the wame board, but anolher metal Frams
between 11 and 10 inches wide, Uhe iotal extent of shrinkage can e further in-
creased although the amount of shrinkage following each redrying will hecome
sucee=stvely Tess aned Tess.

The rensen Cov the sheinkase = that when e timher i heing soaked the
cells tend to expand but ave prevented by Fhe ivon tfeame Compressive slress
i therefore present in the wood.  AFter the wojd ure content has visen above (ihre
soturation poinl, the tinher rewains that sofiness plasticits Avpical ol ovecn
woord, and much of 1he compressive stress is velicved Dy vieldine of the materinl
o which the vells ave composed.  In this comdition the timber has practically he-
cowms A awew pivee of green inher off orenfor density than the original picre, an:
on diving it exhibits shrinkaee,

Many Joints in fimber are so consirneled ns in fhe case ot o wedged mortice
and tenon Joint, that ihey will pesist a st ress fending to Lovee the members apuart.
Sue’y Jeints. it exposed to the weather, often Tose theiy tighiness.  This ix usual ¥
taken as an indieation that the tHimber was not thoronghty seasoned hefore nse,
hat 1t s very vroballe thai in nmny cases the timbor has anderzone Turther shrink-
age due to inerease i meishoe content pnder restraint, together with subsequent
redviing. Thus it denotes not Faulty material =upphed by the seller, hut faiines
on the part ot the parchaser fo take proper care of (e whieh with due re-
caulicns conll give every safisfacton.  Continued shinkage is also o faetor in
sene of the casex i which Hinbor whieh ix exposed develops a deformation ong of il
propovtion Lo the normal stresses produced by its load

Duriitg <hving of a picee of green timber this vielding ol oreen wood to o

prossive stress xoandonbiedly o factor in (he preodnetion ultimately of the eou-
ditior of sress known as casehardening, aond in the oxtent 1o which shirinlagne
occi= For example, at the stage when the antside is Lelow fibre saturation poini
andd the inside nhove, the ont=ide is tending to sivink more than iLe contre with 1he
et that the ontide i+ in fension and 1he jnside i< in COMPrEss=ian,

The extent ol the erushing stresse: in he contral portions can be ganged (o
a certaim extent by the faet that the Tensile siressos o the i Fuee Tavers which
they balanee e oftew sulliciently great 1o prodieee ruptie of the tinther witl the
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Fovieation of =urlace checks.  Althongh this indieation must not be taken alio-

acther at its Faee vulue sinee surfuee checks are not formed nstantaneounsly for

their tull depth hut eradually <1(\(]u| oifeetting leatures are that many timbers

are apprecialdy weaker in compression than in fension, and that under prolenged

loading timber vields (o stresses far below those cansing vupture when the load
aplied at a rapid rade

While during the eavly stages of the diying of green wood, compaciing of
the eentral portions tends to take place, with the resoaking ot dry wood conditions
are reversed,  The outside of the timber soon reaches a muel higher molsture
content than the centrve, and hence tends o swell wore.  In this it 1s prevented to
a large extent by Lhe centre which, heing at & lower moizture content, is stiffer and
fess casily deformed.  Compressive stress is therefore present on the ontside of
the piece of wood.  When the mosture eontent of the outside layers has risen
aheve lbre saturation point the outside eells hecome mors plastie and tend fo
vield to the compressive stress.  This produces a denser timber in the case of
the plece of wood. [ resonking is due to exposuve to weather during the winter
monslig, the process of veabsorption of waber very often ceazes hefore the cenfral
portion las exceeded the fihve sufnvation point. Ilence upon redreyving this out-
<ide taver fends 1o shrink helow ifs original dimension. lu many eases exposurs
to the weather only takes place on one side of the timber. The result of soaking
and redvying in fhig ingtance is to eause shrinkage of the exposed faee and a
hn(lmw of the hoard to heeomne coneave oulwards. A conunon example of thi-

s the (‘lll]ll]“ np of exposed verandah hoards.  The lensile stvesses produced by
Hn~ continued shrinkave of the snrlaee resulting {from exposure are often sulli-
“ont to eanse runtmres of the outside layers of the timber wilth the formation of
whal neight he ealled “weatheving cheeks™ to distinguish them from scasoning
cleclie, On the other hand 3t shoull Le noted thatif seasoned timler s pr otected from
the weather, although jts meisture contenf will vary throughout tlie vear, this change
will he far 1eo =mall fo hring the surface layers ahove fbre saturation point, and
<o introduce the factor of continned shrinkage.
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