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FOREWORD. 

As a result of the constantly increasing interest in kiln-seasoning, 
the Division receives so many requests for drying-schedules for specific 
Australian timbers that it has been decided to publish, in a collected 
form, such information in this regard as is available. 

At the present stage, this information does not by any means 
cover the complete field of Australian commercial timbers. Neither 
is it claimed that the recommendations made herein may not be 
subject to slight modification in the light of further experience. But 
all the observations and recommendations included are the result of 
careful investigation, and can be adopted with confidence of success. 
Any modifications that might eventually be found desirable are likely 
to be in the nature of refinements rather than of alterations. 

This Pamphlet is the first of a series, later numbers of which will 
be issued from time to time as additional information is gathered, both 
with regard to those timbers dealt with now and to other species. The 
ultimate object is to develop schedules for all the principal ~~ustralian 
timbers, both quarter-sawn and back-sawn, in all the commonly used 
dimensions. In this first part, two exotic species grown locally and 
likely to become of increasing importance, have been included. 

I. H. BOAS, 
Chief, Division of Forest Products. 

314 Albert-street, East Melbourne, 
June, 1933. 



SUMMARY. 

Timbers of different species differ so widely in physical properties 
that it is impossible to prescribe a general set of conditions for air or 
kiln drying for all timbers. For this reason, the drying of mixed kiln 
charges can never be really satisfactory. 

Even within the one species, there is sometimes a decided difference 
in drying characteristics necessitating the sorting of the material and 
the use of different drying schedules if completely satisfactory seasoning 
is to be obtained. 

The kiln drying of a number of Australian timbers has been investi­
gated in small laboratory kilns. Tests of some of the schedules thus 
developed have also been made in large commercial kilns. In addition, 
for a few timbers, the Western Australian Forests Department has 
kindly given permission for schedules to be included. 

Based on the results of the work mentioned above, suggested drying 
schedules for seventeen timbers, including two exotic timbers grown in 
Australia, namely, ins ignis or Monterey pine and willow, are given. It 
is important to note that the conditions given in the schedule apply to 
the air just before it enters the stack. 

In the later portions of the report, under "Supplementary Notes,'" 
various factors of importance in practical seasoning, namely, the 
moisture content, shrinkage, stresses and set, checking, warping, 
collapse, and kiln schedules are discussed. 



A Guide to the Seasoning of Australian 
Timbers. 

PART I. 

Notes on Seasoning Characteristics of, and Suggested Kiln 
Schedules for, 17 Species, with Supplementary Notes on 
Drying, Drying Stresses, and Degrade. 

I. INTRODUCTION. 
~ The conditions most suitable for drying any particular timber are 

dependent on the physical properties of that timber, such properties 
influencing both the rate of drying under \'. given set of conditions and 
the tendency towards degrade during drying. 

Because of this fact and because timbers of different species differ 
so widely in physical properties, it is impossible to prescribe a general 
set of conditions for drying all timbers, and although in some cases 
timbers with similar properties can be dried under the same conditions 
without fear of degrade, there are very few instances in which such 
timbers will dry at the same rate. For this reason, the kiln-drying 
of charges of mixed species can never be really satisfactory. The best 
that can be hoped for under such procedure is to delay the drying of 
portion of the charge in order to prevent degrade in the remainder. 
In other words, where this undesirable practice cannot be avoided, the 
drying conditions must be fixed to suit the most refractory or slowest 
drying timber in the charge, and there will be a consequent waste of 
time in so far as the less refractory or quicker drying portion of the 
charge is concerned. 

Even within the one species there is sometimes a decided difference 
in drying characteristics, necessitating the sorting of the material and 
the use of different schedules if completely satisfactory drying is to 
be obtained. A notable example of this is myrtle (N othofagu8 
cunninghamii). Moreover, different drying conditions are necessary 
for different thicknesses of the same timber, and for back-sawn and 
quarter-sawn material. For example, thin case material can be dried 
with excellent results under conditions that would be ruinous for 
thicker material. The reason for this is that thin pirces dry through 
to the centre before severe stresses can be set up, whereas in the thick 
material the outer portions dry much more rapidly than the inner, 
setting up stresses which in turn cause degrade of the stock. 

The natural tendency is for back-sawn material of a given species 
to dry more rapidly than quarter-sawn material of the same species 
dried under the same schedule. But the back-sawn material also 
tends to degrade more seriously, and the rate of drying must be 
reduced to prevent this, so that frequently a longer time is required 
to dry back-sawn material and keep it free from degrade than to dry 
quarter-sawn material of the same species and dimensions. This 
difference in the drying characteristics of back-sawn and quarter-sawn 
material has a direct bearing on the drying problems in several of the 
States. For example, it is the practice in Western Australia to saw 
jarrah flooring on the back. The kiln-drying of jarrah flooring 
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therefore requires greatel ~are than if this were not the case. In 
Victoria and Tasmania, on the other hand, Eucalyptus 1'egnans flooring 
is now uSHally quarter-sawn, with the result that the drying problem 
is simplified very considerably, with consequent reductiOIi in costs. 
'V"hen a charge consists of a mixture of back-sawn and quarter-sawn 
stock, the drying schedule must be chosen to suit the back-sawn material. 

Considering a charge of timber of one species and of one thickness, 
it is inevitable that there should be some variation in direction of 
cutting with respect to growth rings, in initial moisture content, and 
possibly in some other property, such as density. Oonsequently, no 
schedule can be developed that will be ideal for every board in the 
charge. The most that can be done is to arrive at a set of conditions 
that will dry the charge in the least possible time with the least 
possible degrade, leaving no boards at too high a moisture content and 
over-drying none. It is worth mentioning in passing that a very 
common fault in present practice, due to imperfect kiln design or 
operation, is to over-dry a considerable portion of a charge in order 
to make sure that none of the charge is insufficiently dried. If a 
kiln is so faulty as to cause uneven drying in different parts of the 
charge, it is the operator's job to see tbat his conditions are so regulated 
that over-drying of any portion of the charge does not occur. 

Some of the information included in. this Pamphlet has been 
gathered from outside sources, and special acknowledgment is made 
to the Western Australian Forests Department for permission to 
reprint schedules for the three -Western Australian timbers included, 
and to the Forests Commission of Victoria, from -whose records infor­
mation relative to some of the Victorian timbers has been obtained. 
Acknowledgment is also due to the Forest Products Laboratory of 
Madison, U.S.A., whose Kiln Drying Handbook has been referred to 
freely, and to H. D. Tiemann of the same laboratory, w110se articles 
on seasoning stresses and allied subjects have been of considerable 
assist ance. 

So far as the notes and schedules for species are concerned, the 
preliminary investigations have, except in those cases cited, been made 
in small experimental kilns w1th which the Division has been working 
for the last three years, and three of which are now in constant operation. 
After schedules have been evolved in these laboratory kilns, they have, 
where possible, been tried out on a commercial scale. Experience has 
shown this procedure to be entirely satisfactory, and it makes possible 
the rapid development of schedules without risking the waste of large 
quantities of timber. The two main factors on which such small scale 
tests are dependent, to make them comparable with commercial l'Ull8, 

are adequate end-coating of the short boards used and selection of 
material. "\\'here due regard is given to these two points, the only 
differences between the small scale tests and commercial runs are firstly, 
the time necessary to complete a run; secondly, possible slight modi­
fications due to variations of properties that cannot be covered completely 
in small tests, even with the most careful selection; and thirdly, the 
fact that the degree of warping in short lengths is not a reliable 
indication of that which might occur in long lengths. The difference 
in drying time is due to the lag in drying caused by the -width of the 
stack in a commercial kiln, this lag varying somewhat according to 
the design of commercial kiln used and being reduced to a minimum 
in modern high-speed kilns with reversible circulation. 
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Indication is given of tllose cases wllere commercial tests have not 
yet been made, but it is not likely that such schedules will need great 
modification as a result of subsequent commercial tests, or that the 
estimated drying times for efficient commercial kilns will be far out. 
Taking the schedules as a whole, they will, if applied in satisfactory 
kilns, ensure good results provided the timber in any charge is reason­
ably uniform in initial moisture content. Further, the time taken 
will be the least that is safe, so far as present knowledge can guide us. 
In .one or two cases, higher temperatures and greater wet bulb 
depressions* than those recommended are being used in commercial 
plaIhs. It is doubtful, however, if anything is gained by the use of 
such severe conditions, and there are definite disadvantages, even 
though they do not lead to apparent degrade. 

It is important to note that the conditions giyen in these schedules 
apply to the air just before it enters the stack. As a further aid to 
kiln operators, the schedules are supplemented in each instance by notes 
on thA general drying characteristics of the species. It is possible 
that minor modifications of the schedules may be made as further 
information is gathered, especially in the case of those timbers on 
which work done to date has been limited to the small experimental 
kilns. 

It will be noted that considerable stress is laid on the practice of 
partially air-drying most hardwood stock prior to kiln-drying. Although 
a suitable kiln makes possible the kiln-drying of stock green off the saw, 
if necessary, this procedure requires considerably more care, and, with 
hardwoods, is in most instances more expensive than the combination of 
air-drying and kiln-drying. The Division strongly recommends the partial 
air-drying of hardwood timbers prior to kiln-drying, except where 
very thin stock, such as case material, is being dried, or where rapid 
drying can be obtained without fear of degrade, or where the stock 
tends to check badly during air-drying. In the last case, a skilful 
kiln operator with a suitable kiln can turn out a better product by 
kiln-drying from the green condition, although the cost of so doing 
may be relatively high. 

It is necessary to realize that a kiln operator cannot expect to 
attain complete success by blindly following the schedules suggested 
here. He must understand the principles involved in drying timber, 
and, particularly when drying material green off the saw, must decide, 
on the behaviour of his charge, whether slight modifications or inter­
mediate steaming or high humidity treatments are necessary. Some 
guidance in this regard is offered at the end of the Pamphlet, in the 
supplementary notes, which also contain definitions of some of the 
terms used throughout the text. 

It is 'well to note here that any final steaming treatment (under 
saturated conditions) should be fo1lowed by a short period of re-drying. 
In warm dry weather, this re-drying can be carried out in the open 
air. In humid weather, it should be carried out in a kiln or in a 
slightly heated drying-off shed. 

It sllould be noted, also, that timber which has been through a kiln 
or reconditioning chamber should 110t be machined until it is thoroughly 
cool. 

• For description of wet bulb depression see supplementary notes. 
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II. SPECIES DISCUSSED. 

cacia melanoxylon-Blackwood (Tas., Vic., N.S.W.). 
General iYofes. 

SOl ...... a information is available regarding the drying of a few charges 
of I-inch boards in commercial kilns, the indication being that this 
timber is easily dried without degrade, even in back-sawn boards. 
Such general observations have been supplemented by one laboratory 
kiln charge of narrow back-sawn boards, and while it cannot be claimed 
that further investigation is unnecessary, it is safe to record the 
following notes and suggestions. Comparatively large squares have 
been dried commercially, but no details of degrade occurring are 
available. 

lVarping.-Cupping of wide back-sawn boards is the most likely 
form of warping to be experienced, but if not prevented by the weight 
of the stock, can be removed by a final steaming treatment. 

Oheclcing.-Very little trouble is experienced from checking, even 
in back-sawn material. 

Oollapse.-N a apparent collapse has been observed, but the possi­
bility of increasing the final dry dimensions by a reconditioning 
treatment has not been inyestigated. 

Shrinkage.-The only figures available relate to back-sawn boards 
kiln dried from the green condition to a moisture content of 12 per 
cent., the tangential shrinkage in these being about 5 per cent. 

Suggested Schedule. 
The following schedule is suggested from the results of one labora­

tory kiln test with 5-in. x I-in. green, back-sawn boards, and it is 
probable that it would be satisfactory for wide back-sawn boards. .A 
drying time of about seven days is estimated for commercial kilns. 
When further work has been done, it might be possible to reduce this 
time, and kiln-drying material from the green condition will probably 
be economical. 

For the relief of stresses at the end of the drying schedule, a 
steaming treatment under saturated conditions at a temperature of 
about 170°-180° F. is suggested. About two hours of such treatment 
should be sufficient for I-inch stock If steaming under saturated 
conditions is found to cause checking in wide back-sawn material, a 
high humidity treatment should be substituted, holding It temperature 
of about 170°-180° F. with a wet bulb depression of about So F. 
Such a treatment would take considerably longer than steaming under 
saturated conditions. 

TENTATIVE SCHEDULE FOR I-INCH GREEN BACK-SAWN BLACKWOOD. 
----.~~~ 

Change PointB. 

Initial 
40 % moiBture content .. I 

30% .. 
20% (to final) 

.----_. 

Dry Bulb 
Temperature. 

Wet Bulh 
Depression. 

Relative 
Humidity. 

-.----~-----~----

OF. of. ')0 
140 10 75 
150 15 66 
155 25 49 
160 30 43 
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Atherolper1l1a moschatum-Sassafras (Tas. and Vic.). 
General Nates. 

Information on the drying of this timber is limited to general 
observations made from time to time and to one laboratory kiln 
investigation of the combined air- and kiln-drying of a charge of 
I-inch quarter-sawn stock. As the timber seems to be particularly 
easy to dry without degrade, however, such observations as have been 
made are recorded here as a guide to those wishing to dry it before 
further information is obtained. 

Warping.-Very little warping, and none of a serious nature, has 
been observed, although one user reports that warping causes trouble 
at times .. 

Ohecking.-Neither in the air-drying of squares up to 3 in. x 3 in. 
nor in the kiln-drying, under a comparatively severe schedule, of 
partially air-dried I-inch quarter-sawn stock, has any serious checking 
been noted. 

Oollapse.-No apparent collapse has been observed, but the possi­
bility of increasing the dry dimensions by a reconditioning treatment 
has not been investigated. 

Shrinkage.-Radial shrinkage only has been noted, the maximum 
figures obtained in drying to a moisture content of 12 per cent. being 
4 per cent. 

Suggested Schedule. 
As previously pointed out, kiln-drying observations have been limited 

to partially air-dried I-inch quarter-sawn material, and even then to 
a small quantity of material only. The following schedule should 
be quite safe for such material, however, and the drying time in a 
commercial kiln should not be more than five days. 

A final treatment for the relief of stresses was not given in the 
case of the laboratory kiln charge dried, but it is probable that a 
steaming treatment under saturated conditions at a temperature of 
about 180° F. could be given without danger of checking. Such a 
treatment would prohably need to last for about two hours, for I-inch 
stock, and correspondingly longer for thicker stock. An alternative 
treatment would be a high humidity treatment, holding a temperature 
of 170°-180° F. with a wet bulb depression of about 8° F. A con­
siderably longer time would be necessary for this treatment to be 
dfective. 

TEXl'ATTVE SCHEDULE FOR I-INCH PARTIALLY AIR-DRIED QUARTER 

S,\\'"N ATHEROSPER1IIA ~IOSCHATU]\r. 

Change Points. 

Initial (about 30 % moisture content) 
20 % moisture content (to final) .. 

])ry Buib 'Yf't Bulb 
TemiJcratllre. l>E'llrrssion. 

01". 0 F. 
150 18 
160 30 

RpJnti\'c 
Humidity. 

% 
60 
43 

When further work has been done, it will probably be shown that 
kiln-drying from the green condition can be carried out economically. 
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Dacrydium franklinii-Huon Pine (Tas.). 
General X otes. 

General observations indicate that this timber is very easy to dry 
without degrade, but systematic observations have been limited to one 
laboratory kiln test with I-inch back-sawn material. The following 
notes and suggestions arc not by any means final, but give a safe guide 
to the drying of this timber. 

Warping and Chec7.:ing.-X 0 trouble from either of these sources 
of degrade is common. 

CoZlapse.-Oollapse has not been observed, except in small areas 
localized around places where borers have been active. ,Such areas 
as have been noted were discoloured, slightly softer than the surrounding 
timber, and obviously contained decay. 

Shrinkage.-Shrinkage measurements have been confined to a few 
back-sawn boards, the tangential shrinkage of these, in drying to a 
moisture content of 12 per cent., being about 4 pel' cent. 

Suggested Schedule. 

The fonowing schedule is based on the results of one laboratory 
kiln test made 'with green back-sawn boards, and is suggested tentatively 
for kiln-drying this timber until further information is obtained. 
Using this schedule, the time required to dry green I-inch material in a 
commercial kiln would probably be about four or five days, and on 
tl1is basis kiln drying from the grren condition should be economically 
sound. 

For the relief of stresses at the end of the drying schedule, it is 
suggested that a steaming treatment und0r saturated conditions at a 
temperature of 190°-200° F. be given. About half an hour to one 
hour of such a treatment should be sufficient for I-inch stock. An 
alternative treatment would be a high humidity treatment, holding a 
temperature of 190°-200° F. with a 'wet bulb depression of 8° F. 
This treatment would require c(m~iderably longer than that of steaming 
under saturated conditions. 

TENTATIVE SOHEDTJLE FOR l-Ixnf GREEN BAOK-SAWN HUON FIXE. 

Change Point". Dry Bulb Wet Bulb Relative 
Temperature. Depression, Humidity. 

of. of. % 
Initial 180 15 70 
40 % moisture content 180 20 62 
30 % (to final) ISO 30 47 

Endiandra palmerstoni-Queensland Walnut. 
Gene ral Notes. 

To date, the Division's observations on the drying of this timber 
have been limited to small experimental kiln runs with I-inch boards 
of various widths. Back-sawn and quarter-sawn boards have been 
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dried, and tentative schedules deyeloped for drying both green off the 
saw and after partial air-drying. The~e schedules have not ;yet bcen 
applied in commercial kilns. 

Checking, TFarping, and ColluJlsc.-The experimental work indicates 
that the timber should not offer any ditlieulty ill drying, evell when 
sawn full 011 tlw bade The material used dried rapidly without any 
tendency towards either surface or internal checking" and so far as 
could be judged frolll ~hol't lengths, \\'ithout serious tendency to warp. 
It 8ho\\'ed a slight tcnden('y to collapse, not resulting in marked 
unevenness of shrinkage, hut heing detl~cted by a slight permallcnt gain 
in size after a final reconditioning treatment. In each run the 
moisture content of thc cores of boards at the end of the drying period 
was 'higher than was desirable, and seyere case compression stresses 
werl\Present. Six hours' steaming under saturated conditions at 212 0 F., 
followed by a short periocl of re-drying, evened up the moisture distri­
bution, left the hoards practically free of stress, an(1 resulted in a 
slight permanent gain in size. 

There is SOllle yariation between these results and the reported 
behaviour of the timbcr in Eligiand, whel'c it has been reported that 
Queensland \yalnut is very prone to split unless quarter-sawn. It is 
possible that such reports might he hase,l on the behaviour of thick 
stock, which has not heen investigated here as yet. On the other hand, 
long I-inch boards might lta,'c a tendency to devclop end splits during 
drying if the ends are not coated, and investigations ill this l'(~gard arc 
necessarJ, 

Shrinlc'age.-Sltl'inkage data ayailahle illdieate the maximum 
shrinkage to be expected, \\,1)('11 dr,\'illg' to a llloisture eontent of 12 per 
cent., to he 4 per cent. ill a radial ,lino('(jull awl .. per cent. in a 
tangential di l'('ctiOll, 

Suggested Schedules, 

The follo\\'ing tl'lJfa1ive sehedulc8 for I-inch stock are suggested, 
Lut tluey lllay Le ~llhjc"t to slight modificatioll afkl' trial in ('ommercial 
kilns, where a wider rall,!!'e of material might intnlllucc yariatiolls in 
properties. 

Tho dryillg' time lleCl'~Sary for I-inch stock ill commereid kilns 
Iroulc[ be ahont !Loll 10 twelve days when drying green off the sa\\', and 
about fonr clays for material prcyiously air-dried to a moistnre ('ontent 
of 31) p('r cent. III either case, it is suggeste,l that the material bo 
dried to a moisturc content of about 10 per cent., then steamed for 
abollt six hours under saturated ('onditiolls at 212 0 F., and re-driecl to 
the final moisture content required. The exact lengtll of steaminp; treat­
lllent necessary in commereial kilns must be determined by expl'l'ience, 
tile ()bjectives being removal of stresses, on·reoming of sligJlt ('ollapse, 
and removal of warping; if present. 

'Whether or not prelimillary air-dr."in,!'.' is more economical than 
kiln-(lrying from the green conditiOll mnst be decided on the relative 
meri ts of each method in any particular instance, taking into con­
sideration such factors as handling charges, space required, capital 
i1Jn~sted in air-drying stacks and in kilns, and uniformit,Y of stock 
to be dried, Where kiln-drying green off the saw is desired, no 
difficulty from degrade should be experienced with this timber. 

CH7:3.-3 
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TENTATIVE SCHEDlJLE FOR l-INCH GREEN QUEENSLAND VVALNUl'. 

Change Point:;, 

----_.-_--_---__ ._---_ 

quarter-sawn. Back-sawn. 
_ ----_. -_ .. 

j '. I 
, llry : Wet ! Dry Wet 
I Bulb : Bulb : Relatiw, llulb : Bulb I l\elati'" 
,Tempera-' Depres- Humidity .

I
'T"lltpera- nopres- iHumidltL 

! tUff'. ( Rion. ' ture. ! sion. I 

--------_ --'-_---_._-

OF. 0 F. (:0 0 F. 0 F. (:u 
Initial I(iO \I i\l I(iO \I 7\l 
50 % moi"tUl'U content 16() HI ()() 1(10 16 (i;, 
40 % 170 :U' -w 170 27 -i\l 

~o ~~ __ . ____ .. _(t_o_fi_l_Hl_I) __ It>0 ___ ~"__~(~._I_l~~ ____ 4~._. __ ;{O 

TEXTATIYE S('HEll"VLE FOR l-IxCH QCEENSLANn WAL?lTT "\m-pJ{[EJ) TO 

MOl STURE CONTENT OF 30 PER C};:\iT. 

Change l'oint:-;. 

Initial (about 30 %) 
20 % moisture content (to final) 

Quarter-sa wn. llack':)a WII. 

, , 
: Dry : 'Yet : I Dry I Wet : 
: ]Iuib " llulb I nolati"o Bulb Bulb: Helathe 
Tempf'f<l-, J)epr{'~- I H umidity.lTempera., j)ppre:-:;- ,HUlIlidity. 

I tUff'. ~ "ion. I ! tun:. : SiOIl. : 

I 0 F. 
160 
180 

OF. 
25 
4" 

o 
/0 

50 
30 

OF. 
19 
43 

0/ 
/0 
60 
30 

Eucalyptus divetsicolot- Karri (W.A.). 

Uenera·l ~y(JI('.s. 

The schedules snggested for this timber, apart from those for caoe 
stock, are included by ('ourtesy of the IVestel"ll .\ustralian Fornstf> 
Department, and are t11(' result of cOIl,,,idl'rable 1\'01')\ in semi-commercial 
and cOlIllll('rcial kilns ill that State_ The cuse sto('k 8c·he<1ules are 
suggested as II result of laboratory killl inrcstigatiollS only, and haye 
not been tried ont ill commercial kilns. 

TVarpillg.-"\lthouglt this timber is, 011 the whole, much s~raightel' 
ill the grain than jarrah, considerable trouhle frOJll wnrplllg was 
experienrcd, at times, in the tl'sts ill ('ollllexion with case stoc'k. Thes() 
indicated that snch warping is Ilot perlllall()nt 1,,' rcmoyed, nor e,T('ll 
al)preciably l'ecincc(l, by a fimtl steaming tl'pall1H'llt. 'Ill is ,Yal'ping 
\\'as possibly dne to the inted(wked grain. 

Checking.-Karri has a prollolllH'ecl tellclPlIcy to check (lm'iug S('1[­

Boning, and ill thick piece" ullder ady(']'~(' ('olldition", the (']':teks becoTIl(~ 
very deep. 'Vhile the uoual form of clwckiul!: i~ across the growt Ii 
rings, therefore appearing on the wiele surfa('(: of back-sa'l'll board", 
there is also an apprf'ciable tl'lld('ner to forlll nne cheeks parallel tf) 
the growth rillgs, and these apIH'ar 011 the ",ide surface of quarter-sawll 
hoards. 

Collapse.-Col1apse is somewhat more prevalent than in jan'ah, but 
in neither timber is it comparable in sevprity with that occurring in 
the Eastern States' timbers of the Ellcalyptlls regllans type. Recon­
ditioning is not recommended. 
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Shrinkage.-The only shrinkage figures ayailable are for thin casc 
stock, in which a tangential shrinkage of up to 10 per cent. and a rad1dl 
shrinkage of up to ;) per cent. were obseryed, in drying to a moisture 
eOlltent of 13 per cent. 

Suggested Schedules. 

The pronounced te11dency to check makes strict adherence to 
schedules essential in kiln-drying this timber from the green condition, 
and in air-drying or partial air-drying considerable care must be taken 
to prevent cheeking. 'VllPn air-drying large sections in dry 10catiollR, 
in a~lition to using yery thin spl[('illg strips (about t inch to t inch 
thick), it is also frequently necessary to build sun shields and to slow 
down air movement through tIl(' sta('k~ by dosing the ends of fiut's 
hetween stackR. 

Although schednles are giwn for kiln-drying green material, partial 
air-drying prior to kiln-drying is recommended, as it eliminates the 
lLeed for extrelllPly close control of kiln conditions. Care must be 
taken to pr('\'cnt ;·It('eking during thc air-drying perio(l. 

Another difficulty encountered in drying this timber is the slow 
rate of transfusion of moisture from the centre of each piece to the 
Imrface, and jJPl"iodicaI stparnillg trea1ments, llnder saturated conditions 
at a temperature about 10 c highpr tban thp drying temperature, aru 
IIdvised throughout tJ](~ early pHrt of the rUll, when kiln-drying from 
t he green cowji tiOll. 

One-inrh Stock.-Sc!tedllle 1. is for back-sawn hoards; quarter-sawn 
stock should 1w dried to a schedule 5c F. higher throughout, 'with the 
same relatin humidity. The practice of quarter-sawing, which has 
proved of such great eeonomical advantage with Eucalyptus regnans 
lind similar s]Jecies, i~ strongly I"econ1ltwm]ed for karri. If material 
is dried greE'n off the saw, great care mllst he taken in placing ther­
mometers, and ill following the sc]Jpclnle very closely. } .. ntomatic 
control is practically E'ss('ntial for this purpose. 

The time rf'qllirf'cl for clrying I-inch karri greell off the saw is 
11 bout five weeks. 4 in. x 1 in. boards for a special product are being 
seasoned from about 60 per cent. moisture content in lllllC·h less time thall 
i'i weeks. The kiln used is a progressive one with natnral circulation. 
:Factors contributing to the rapid drying time are (a) the nano\\' 
width of the boards, (Ii) the quality of timber supplied is almo~t 
perfect, and (c) the product do('s not demand an exacting final moisture 
('ont('nt speeification. The ~C"h('clnl(~ used is 110t kno\\'n, but the initial 
humidity is fairly high, and the kmperatllJ'e is !lot allowcd to excec(l 
1400 or 1;:;0:1 F. at any time. 

Mat('l"ial partially air-dried to a moisture content of about 30 per 
cent. should not require more than ten days' kiln-drying. For drying 
sud material, the schedule should be starte<1 with the conditions at 
the ehange point corrC'sponding to the moisture content of the timbpr 
at the time of putting it in the kiln . 

.At the cnd of the drying, a final high }JUmidity treatment should 
he giyen. using a dry bulb temperature of 1;";0 0 F. and a wet bulh 
depression of 6° F., for several hours. If warping is severe, this 
treatment can he replaced by a steaming treatment of seyeral hours 
under saturated ('onditions at 212 0 F. Somewhat longer treatments 
than those for junah are requirpcl. 
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Stock less than I inch in thickness, apart from case stock, should 
be dried under the same schedule as I-inch stock, though the time 
required will be less. 

SCHEDULE I. 
SCHEDULE nm I-IxCH GREEN BACK-SAWN KARRI. 

Change Poillts. 

Initial 
35 % nwisture ('onteut 
25 CJ~ 
20% 
15% 
12 % (to final) 

Dry Bllib 
Trmprratnrt". 

------------

F. 
104 
106 
108 
115 
125 
135 

\Yc't 1',nlh 
J)e}Jl'f,~,,,jl)n. 

OF. 
3 
5 
7 

12 
21 
30 

Rel.tin 
Humiditr· 

% 
90 
84 
78 
66 
49 
37 

Thic/,'cr Stock.-The thicker the stock the more desirable is pre­
liminary air-drying where this call be ca rried out without serious 
checking, and although the following schedllJes fOl' green stock arc 
given, it is recommended that preliminary air-drying with suitable 
precautions bo adopted, the kiln-drying being COrrtul<'llced at that part 
of the schedule correspouding to the moisture content of the timl'(,l' 
,1'11811 placed in the kiln. 

If kiln-drying green off the sa,,- is adopter], it is recommended that 
the drying of stock 1110]'(' than I-inrh thick should not he attempted 
until at least one charge of I-inch green material has been dried in the 
kih-.. tc be used, or, in the ('ase of a batter~T of ~imilar kilns, in OIl(' of 
the kilns to be men. 

SchedulA II. is for It-inch material, mixed-sa\\'n, or back-sawn, 
and Schedule III. for stock 2 inches or more in thickness. The killl­
drying time ,yill be approximately proportional to the thickness . 

..-\. £nal high humidity treatment similar to that for I-inch stock 
should be given, but the length of tl1is treatment will need to be 
greatm', according to tIle thlckne~s of t11e stork. 

SCHEDULE IT. 

--------------- ~~----~_------ ._----_---

Ch:lIlgC POillh. 

Initial 
35 % moisture content 
25 ~;J 
20°;, 
17 f\', 
15% 
12 % (to final) 

Dr), Built 
TemperaturE', 

o P. 
99 

101 
103 
106 
lIO 
115 
125 

Wet Bulb Relative 
Depression. Humidity. 

------~ 

o l'. % 
3 89 
.~ 83 
7 77 
9 72 

13 62 
17 55 ,,-_u 42 
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SOHEDULE I U. 

SCHEDULE FOR GREEN BACK-SAWN KARRI 2 r"'CHES THICK OR TIHICKER. 

Change Point~. 

Initial 
35 % moisture l'ontent 
25% ;." 
20~o 
17 ~o .. " 
15 ~o 
12 ~o (to final) 

Dry Bulb Wet BulL RelatiYe 
I Temperature. i Deprrssion. Humidity. 

I,~~o~~ i~-o-r--;-
96 5 83 
9S 6 79 

101 9 11 
105 12 63 
110 16 55 
120 24 41 

Case Stoch:. 

(1) Case Ends.-The results of tests with this class of stock are 
not as promising as those obtained viith jarrah case ends. While it 
seems probable that quarter-sawn karri ease ends, i-inch thick, could 
be safely kiln-dried froUl the green condition in eight or nine days, 
in a commercial kiln, green back-sawn material would take almost twice 
that time. This difference in drying time, together with the fact that 
quarter-sawn ends dried under the back-ga,nl schedule take even longer 
to dry than back-sawn euus, ,,'ould make it uneconomical to mix baC'k­
sawn and quartCT-Sa\Hl ends for kiln-drying. Kiln-drYlllg from the 
green condition of sorted back-sa\Yl1 euds \\'ould also be too costly. 

l1:aterial previously air-dried to a moi.sturc content of about 30 pel' 
cent. could be kiln-dried at the rate of about two charges per \\'eek per 
kiln, and provided handling costs were not too great, this procedure 
would be cheaper than kiln-drying from the green condition. By 
stacking the case-end stock in small unit stacks, it could be transferred 
from the air-drying yard to the kiln without re-staC'king and with small 
handling costs. 

Whether kiln-drying from the green condition or after partial 
air-drying is adopted, quarter-sawing of case ends is desirable, and it 
should be just as practicahle with karri as with Euca7.yptus I'egnuns, 
case ends of which are usually cut on the quarter. 

Although quarter-sa,ying is recomm(~nded, tentative schedules for 
both back-sawn and qnarter-sawll stock are given. For partially 
air-dried material, kiln-drying should be started at the conditions for 
the change point corresponding to the moisture content of the timber 
at the time of putting it in the kiln, and the schedule follo~wed through 
from that point. 

The limited effectiveness of a final reconditioning treatment and 
the danger of resultant checking are such as to make its recommen­
dation for this class of stock questionable. 
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SCHEDFLE IV. 

TENTATIVE SCHEDU),E FOR ~-L:'(,H GREEN MRRI CASE E::ms. 
--------~~~~~--~ 

I I 
I Quarter-::;awn. I Hack-sawn. 

: ---- - ----I----c---
I Dry I Wet I i Dry I Wet i 

Bulb i Bulb RPlative' Bulb llulb: Relative 
TellllJera- })epre~- Humidity. Tempera- D<'pres- :Humidity. 

Change Point::), 

I flue. ! sion. i ture. ! sian. i 

-------~------- ----------------~---~-

Initial 
60 ~ u 11lOi-.;t LIre cunV_~nt 

40 ~~ 
30 ~~ 
20 % (to final) 

OF. 
160 
IGO 
170 
170 
It>O 

OF. 
6 

11 
;20 
43 
45 

0' 
/0 
8(\ 
7:) 
60 
3() 
30 

o P. 
I:W 
120 
130 
140 
150 

OF. 
3 
i') 
!) 

17 
31 

0/ 
,0 

!Jl 
1:\5 
76 
(i0 
;1\) 

(:l) Case Sides, Tops, alld Boltoms.-As with case ends, kiln­
drying from the green condition of :~-inch back-sa\\'n case sides, top~, 
and bottoms docs not seClll to bc it commercial proposition, such mil([ 
eOllclitioliS being necessary that the drying time would probably exceed 
one week. Air-drying to a moisture content of about 30 per cent. 
,,'ould reduce the kiln-drying time for back-sll\\'n sto('k to about :H 
hours, and this pro(,t'dure would be ('omlllPrcially practicablc prm-idcd 
adequate and e}H'ap handling arrangements \\'t're madf', alld provide(} 
CUppillg aud t"'isting did not result ill too mueh degra(il'. The spacing 
of strips at clos(' illternds (less thnn 18 inches apart) wonlcl bt' 
n('cessary to pren'llt 5e"CI'C l\-arping-, which apparclltly cannot h(' 
rcm()vt'd b.r a fiua! steaming' treatmt'nt. So reasonablE' se]wdllll' ('Ull 
be suggcsted for greell back-:c:awn matprial, hut a tcntatin' s(']Ie<inle for 
partially air-dripd lllaterial is giYen. 

SCHEDELE V. 

TENTATIVE t:3CIIEDlJLE FOR PARTIALLY ,\.JI{-IJRlED B.\('K-iUWX ILu1Rr 
CASE SID~:S, Tops, X:-;D BOTTO;'I8. 

Change roinb. 

Initial (30 % moisture content) 
20 % moisture content (to final) 

--- -~ ---~~-~~-----.----

lJry B1lil, \I'd HIlII> Reiatiye 
Tellliwrature. I ])ellres .... ioll. I Humidity. 

OF. 
110 
120 

OF. 
HI 
27 

0' 
,0 

48 
a6 

Quar(pr-sa,\,11 nlatr'l'ial ('an be dripd from thp gl'l'eu state ulldcr 
comparatively seWl'e ('oJl(litiollS, the probahle drying time in a 
commercial kiln being tIm to tllre(' da~-s. This should bp commerC'ially 
practicable, but, if uot, tIle kiln time could be rpduC'ed to less than 24 
hours by previously ail'-dryillg the stork to a moisture content of 
nbollt 20 per (,Cllt. To mak!' this practicable, a cheap mcthod of 
handling, such as that suggested for case cuds, ~would hc necessary. 
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If practicable, quarter-sawing is re('ollllllellded, and for quarter-sawn 
material, eithpr gr(,l'n 01' partially air-dried, the following constant 
conditions schedule is tentatiyely suggested:-

Dry bulb t('mperature ISO" F. 
,Vt't bulb depressioll ~5° F. 
ltelatiye humidity ;30 per cent. 

~'I..pparently no useful purposl' is selTed by a filial reconditioniug 
treatlllen t. 

EtMalyptus gigantea-Red Ash or Woolly Butt (Vic.), Alpine Ash 
(N.S.W.), White Top (Tas.). 

(/(,lll'ra7 _YIIll's. 

Kiln-drying sehedull's for this tilllhl'l" haY(' 1lOt been detl'l'lllilll'(i 
expt'rimentally, but its heliarioul' has I)(,pn obscnt'd dlll'ing air-drying 
and during the eombilll'd air-dl'yillg Hnll kiln-drying of a cOllll1lpreial 
charge, the kiln scheduln used ill the luttl'r case being the samE' as that 
used for Huca/yptus r('gnalh~ at the samp plant. Fnrthpr, it i,., known 
to he dried mixed indiseriminatl'ly Kith H. regllalls. at allotlwr plant. 

Its heha\"ionr during drying is much tIll' same as that of E. regll((IIS, 
though possihly it lllig11t take slightly long-PI" to dry, llllClpr the same 
schedulp. It is gl'nerall.y snbjed to ("ollaps(', hnt rpC'O\"l'r_)' under a 
reconditioning tl'eatUH'nt is \l~ual1'y good. 

,<:"'II.1/Yl's!erl 81'11 Crill/ es. 

In the absenee of specific ~('lle(lules those l"('eonll1H'wlPd for E. rcgllans 
are suggested, and the Sllml' rpeoml1l('ndations regarding sawing and 
partial air-dryillg; arp llIad(·. ('are SllOllld he takt'll \\-ith dl'lISe baek­
sawn materia l. 

Eucalyptus gomphocephala--Tuart (W.A.). 
Gellf'ra7 ~Y()ll's. 

Illformation regarding tlll' (lr~'ing of tlli~ timlwr i, in(·lllc1ed hy 
eourtf·sy of the Forests DepartlllPlIt of '\'c'8te1'11 i\ll,tralia, whose tests 
ill a semi-('omlllereial kiln constitute tli(' only investigations lllad(' to 
date. Up to tlt(· present, air-drying 0111:-" has' I)('en practis(·d 
eonllllerciall y. 

If'arpinq, Clied'in/i, alld ('olla pSi'.-,r!lrpillg i,'i not :J seri()lls forll! 
of dl'grade in tna1't. and although it 11:18 a great('r tl'Udellcy to el]('ck 
than has jan'ah, it is not as snbjed to this fault :If; i, karri. Thl' 
rate of moisture trallsfusion through thl' tim!wr is lo\\-cr thall ill 
janah, and perio(lieal steal1lillg treatments throngllOnt tll(' early parts 
of tll(' 1'1111, nsing satul'ate(l conditions at a tPllllwl'atnre about ] 0° 
lligher thall the drying' temperature, wOll1d be ]wl1cfirial ill kiln-drying' 
from the p'e('ll eOI1(lition. C'ollapO'e lws not beell ohse]"n·d. 

Sltrill!.-a,ljl'.-X 0 shrinkage figures an' m"ailahle. 

SlIgqesled Sc7te(lu/es. 

The sclH'dules suggested ha\"e beel1 workt'(l out largply ]l!' deduetiol1, 
:IS comparati\"ely little \1'ork has be(,ll done Oll the killl-drying of the 
species. ~Uthollgh sehp(lules for drying g-reell mat(']'ial are wggrsted. 
tlwre is no clOllbt that in all cases partial air-drying fol1ow(·rJ h.Y kiln­
drying ~\Yo111d he prcferabl(· to kiln-drying froll1 the green eonrlitioll. 



For such procedure the kiln-drying should ('OllllllCllCC at 1 he conditioll~ 
in the relevant schedule: corre~polillillg to the moisture ('OIlte11t of the 
timber at the time it is placed ill the kiln. 

A final high humidity tl'ratlIlC'llt at a dry bulb temperature of 
150 0 F. and a ,,-Pi bulb dep!'!'s"ioll of tr F. is l'C'comnHmded, the length 
of the treatment necessary (l('l'ellClilig on tli(, t hi('kll('''~ of the ll1:1terial. 

One-inch Stock.--The following schednle is snp:gcstcd tentatively 
for hnek-sawn or mix('d-s;nnl stock 

E:lCJIElJLLE 1. 

TEXTATIVE SctrEHULE FOil 1-IxcH GRE:EK BACK-SAWN TUART. 

Illitial 
40 c:/~ lll(ji:-;tul'c content 
30% 
25~% 
20% 
17 So 
14 (:0 
12~0 (tolimtl) 

Un'lilll!J 
Tt'llljwr:t1nn. 

OF. 
1O" 
10~ 

lOll 
J tl 
JU 
It" 
J ~,1 
1 :1I 

\\'('1 I',ulh 
111'I:rt·:-"j')Il. 

C F. .. 
6 
7 
() 

12 
15 
~O 
26 

'---_,- -

!{ciath-" 
ffilltlidit,', 

0 
,0 

Si 
,~ t 
7~ 
-" /.) 

(iIi 

5~l 

30 
4:: 

Thicl.:er 8tock.-Tl](' full owing sdlc·(lull':i are suggested tcntatively 
for stock grcater than 1 iw·h ill tliid,jj(",3 :--

H-inch Siock.-Kal'l'i S('h('dale Xu. 1. 

:2-inch Stor'l.·.-Karri Schedule No. H. 

Siock marc than 2 illches /lu>k.-ICll'l'i Schedule No. III. 

Eucalyptus marginata-Jarrah (W.A.). 

r; I'll era 7 Notes. 

The schedules suggested f\)r 1 his timher, ap,ll't from those for ('a~e 
stock, arc included by ('()Ul'l,'SY of the \\'e"t('!'ll ~"ustralian }'orests 
Department, alld arc tbe result of con~i(krahll' Iyork ill :i('llli-('oll111l1'l',·ial 
and commereial kilns ill that Starr'. The <.;asc ~to('k sdl,'(lules an: 
suggested as a result of lahol'alol'," kihl illYCstigatiolls only. and have 
not been tried out in commerl'ia I kiln~. 

IT' arping.-This is the princi pal ('a]),e uf degrade in the kiln­
drying of jal'l'ah, in which sloping graill is ('0111111011. .'ttteIllpts to 
remove warping by a final steaming; treatll1Cllt 113\'(' ]J()t becn very 
successful, but the best resnlts ,vill be obtaine(l if the ,tl',lmillg i" 
carried out after the timber reaches the linal moisture C'CJlltl'llt ]'(~quil'('d . 
. \ short re-drying period will then be necessary, either in the kiln or, 
during warm dry weather, ill the OPPll. 
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Checking.-With llalTO"- boards HUcll as flooring, checking is not 
serious in air- or kiln-drying, but with wide and thick back-cut stock 
due care must be exercised. Isolated cases of checking parallel to the 
growth rings have been observed. 

Collapsc.-V cry little collapse ()("C'urs, except when (lrying case stock 
under high temperature srhedules. Even then it is not very severe, 
but neither is it rasily removed by a final l'Pcon(litioning treatment. 

Shrinkage.-"S. 0 shrillkage figures are available except for thin case 
material, ill which a tangential shrinkage of up to 10 per cent. and 
a radial shrinkage of up to 5 pCI' ccnt. have been noted in drying to 
15 per cent. moisture eontent. 

Suggested Schedules . 

.o11tlwugh schedules nrc giyen for kiln-drying green material, partial 
air-drying prior to kiln-drying is recommended, except perhaps for 
case material. As far as this stork is concerned, it is possible thnt 
combined ail'- and kiln-drying might be more economieal for cnse ends, 
llrovided satisfactory handling faeilities are available. Kiln-drying 
green off the saw may be practicnble for case sides, tops, and bottoms. 

I-inch Stock-Schedule I. is a conservative schedule, for the rapid 
seasoning of ivide back-sawn boards; narrow back-sawn boards and 
quarter-sawn hoards are not so likely to warp and crack, and for these 
the temperatures in the s("hetiule may be increased by 10° F. throughout, 
the relative humidities remaining the samn or being slightly lowered. 
Quarter-sawn material is not (~onsi(lel'ed separately as comparatively 
little of it is eut. The kiln-drying time required for green material 
is about three nnd a half weeks for wide hoards, and ahout three weeks 
for narrow hoards_ For material air-dried to a moisture content 
of about 30 per cellt., nhout eight dnys nrc required. With partially 
air-dried material whieh includes wide hoards, kiln-drying should be 
commeneed at the conditions for the change point corresponding to 
the air-dried moisture content of the stock, and the schedule followed 
through from tllat point. l'\a1'l'ow boards (6 inches wide or less) 
which have becn partiall.v air-clried are more easily dried, and if the 
moisture contellt is below 2;) per eent. and the moisture distribution 
is fairly even, a sdlC'dule rising to a dry bulb temperature of 160° F. 
with a wet bulb dCl'l'l',sioll of :16 c F. will not be deleterious . 

.ott the end of the drying, a final high humidity treatment should 
be given using a dry bulb temperature of 150 0 F. and a wet bulb 
depression of 6° F. for several hom's. [f warping is seyere, this 
treatment can he rep lac eel by a steallling treatment for several hom'>' 
under saturated c:ollditions at 212 0 F. 

Stock less than 1 inch in tlti(·lmess (apart from case stock) should 
be dried under the same schedule as 1-inch stock, though the time 
l'<,qulred will be less. 
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SCHEDULE 1. 

SCHEDULE FOR i-INCH GREEN BACK-SAWN .fARRAH, PARTICULARLY FOR 

WIDE BO_~R])s. 

Change' Point:.;. Dry Bull, 
Temperature. 

-----------------------

OF. 
Initial 105 
40 % moisture content 110 
30% 110 
25 ~~ 115 
20% 120 
15% 130 
10

) 0 1 
~ ,0 (to final) 140 

Wet Bulb 
Depression. 

of. 
6 
8 

10 
12 
16 
25 
32 

Rt'Iative 
Humidity. 

% 
SO 
75 
70 
66 
58 
43 
35 

Thicker Sfod'.-The thickt'r the stock, the more desirable is prr­
liminary air-drying where this can be carried out without surface 
checking, and although the following schedulrs for green stock an' 
given, ic is recoIllmended that preliminary air-drying with suitable prl'­
cautions be adopted, the kiln drying beillg commemcd at that part 
of the schedule corresponding to the moisture content of the timber 
,,-hell placed in thc kiln. 

Sehedule I r. is for 1 !-ineh material, mixed-sawn or back-sawll, 
and Schedule III. for stoek 2 illches or more in thickness. The 
kiln-drying time ,yill be approximatel.v proportional to the thieklless. 

A final high humidity treatnlPnt similar to that for i-inch stock 
should be given, but the lellgth of treatment needs to be greater 
nceording to the thickness of the stock. 

SCHEDCLE II. 

SCHEDCLE FOR it-IxCII GREEX BACK-SAWN JARRAH. 

Change Poiuts. 

Initial 
40 % moisture eontent 
30% 
25% 
20% 
15% 
12 % (to final) .. 

Dry Bulb 
Temperature. 

of. 
105 
110 
110 
115 
120 
130 
140 

Wet Bulh Relatiyc 
Depression. Humidity. 

o :F. 0/ 
/0 

5 sa 
8 75 
9 73 

11 68 
14 62 
2-i 45 
32 35 
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SCHEDCLE III. 

SCHEDl'LE FOR GRIm", J.~RRAH, 2 I XCliES OR ~IORE IX T HICKXESS. 

Change Points. 

Initial 
40 % moisture content 
30% 
25% 
20% 
15% 
12 % (to final) 

Drv Bull, ! Wet Bull> I Relative 
Temperatnre. Ii Uepres~iOll. Humidity. 

C F. 
105 
1I0 
115 
120 
125 
13,) 
14i, 

Case Siock. 

OF. 
4 
7 
9 

11 
14 
22 
33 

0' 
,0 

1;7 
78 
74 
69 
64 
50 
35 

(1) Case E/Uls.-The maximum drying rate obtainable without 
degrade is not as great as that for Encalyptlls regna/'k~, and about Oll(' 

week would be necessary for drying 1-ineh case stock green off the 
saw. -Where space is ayailable and handling eharges can be kept 
within reasonable limits, combined air- awl kiln-drying might prove 
to be more economical thaI! kiln-drying gn'pn off the saw, the time in 
the kiln being approximately halved in this wny. "Uthough collapse 
is not as seriolls in this timber as in E. regnalls, it is much morc' 
difficult to remoye, and this, together with the fact that back-sawll 
stock is likely to check aftpr reconditioning, is a factor in fnYOlll' of 
partial air-drying, which r(,8ults in less severe collapse than when 
green matprial is kiln-dried. So far as observatiom to date show, there 
is nothing 011 which to base a recommendation for a final reconditioninl!: 
treatment, unlpss it is necessary to rl'moYc warping. If such a 
treatment is not given, a final high humidity tl'catmrnt, as for l-inrlt 
stock, is recommelHled. 

TEXTATl\'E SClIEDl'LE FOR t-Il\'CH GR1<:E:,\ JAIW_\]] C_\NF: E:'>IJN. 

C'hanf,!<' Points. 

I Quartpr-sa\\,ll_ I Rack-,a"'". 

I 
~~I----- --- 'I-~;Y --I-Wet -1----

"Bulb Bulb Reloti,-e Bulh i Jlllib I RrlatiY<' 
'I Tttl:npera- Dr,Pres- ',HnmiclitY'ITemprra-1 ])cpres- IIHUmiditr-
,tllre. slon. tnfC. RlOn. 

-------_------------_-----

OF. of. 0' of. of. 0' 
,0 ;0 

Initial 160 6 1;6 150 ti 85 
50 % moisture content 160 11 7i') 150 10 76 
40% 170 17 65 160 l() 65 
30% 180 21; 50 160 25 50 
20% (to tlnal) 180 45 30 170 43 : 30 

----- _----- -------

(2) Ca.se Sides, Tops, and Boitom!;.-As -with case enus, the 
maximum drying rate obtainable is not as great as for ]i). regnans, bnt 
kiln-drying green off the saw should he (,ommerrially practipablP. 
The lesser severity of collapse in partially air-dried stock is a factor 
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In favour of partial air-drying. The kiln-drying time necessary for 
~-inch green stock would be about three days. Tlu're is some difference 
in the drying rate of back-.-;awll and quarter-sawn material, but not 
sufficient to justify sorting. Warping can be reduced by weighting 
the stacks, but, if serious, ean be ov('reome to some (,XU'llt by annal 
steaming treatment under saturated eonditions at 212(' F. for about 
for to five hours. 

The following alternative schedules are recommended tentatin,jy. 
In both of these, the conditions are to be kept constant throughout 
the run. Schedule VB is intended primarily for kilns in which a 
temperature of 11'0 0 ]<'. cannot he maintained. 

SCHEDULE V. 

TEXTATIYE SCHEDL'l,ES (U,TEliKATn'E) H)lt ~-IKCH Gl1EEN :MrxED SAWX 

J ARRAH CASE SIDES, Tops, A:"fD BOTTOMS. 
----~--------- --------------------

Dry Bulh 
Temperature. 

v .... 

Wet Bulb 
Depresgion. 

_1_ _ ______ ~~ ~alt:rn'~~~~ 
Rdativ(' Drv TIul1J \ 'Vet Bulb Relative 

Humidity. T(lmi)('ratuTf'. Depression. Humidity. 
------------,------,------

C F. 
180 

C F. 
36 

% 
40 

, 

OF. 
160 

C 'F. 
50 

, 

0' 
10 
21 

--------,------------,-----------,--,------ - - --------_ 

Eucalyptus o}>}iqua~Me;smate (Vic. and N.S.W.), Brown Top 
Stringybark (Tas.). 

General .lYoles. 

Systematic invcstigation of tho drying characteristics of this species 
has been limited, but has beeH supplementcd by fairly wide general 
observations. The actual systematic ,york has l)('en confined to 011C 

semi-commcrcial hIll charge of green mixed-Hmrn It-inch stock of 
Victorian origin, a number of laboratory kiln rUllS with t-inch green 
quarter-sa wn Tasmanian weatherboard stock, and one commercial 
kiln charge of ~-inch full grcen quarter-sa \yn Tasmanian sto('k. 

Warping. Checli;ing. and Collapsc.-Although the dellsity of thi, 
timber is, on the whole, greater than that of Eucalyptus re_qnans, the' 
drying characteristics of the two speeies are not widely different. Thc 
rate of drying of Encaly pillS obliq1la. however, is somewhat slower 
than that of either E. regnans or E. fligantea, and the most refractory 
E. obliqua stock is sorne,dwt more difficult to dry without (legrack 
than the most refraetol'Y E. Te_(fnans. Collapse oeeur" eommonly. 
though it is not usually as severe as in E. regnans. Recovery un(ler 
a reconditioning treatment is usually good, exccpt where excessive 
('ollapse has occurred owing to the use of high temperatures in the earl~' 
stages of kiln-drying green stoek. As with E. re_qnans, warping is 
usua11y confined to boards cut in dose proximity to Lranches. and 
in such cases is not readily removed. 

Shr'inl,;age.-From the limited figures available, the shrinkage to be 
expected seems to be much the same as that for E. regnans. 
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Suggested 8chedules. 

The information available to date indirates that it is safe to dry 
the lighter grades of this timber under the schedules recommended for 
E. regnans, though a slightly longer drying time ~will usually be 
required. If a parcel of dense stock is being dried under one of these 
schedules, a close watrh should be kept for the fir"t signs of checking, 
ami the drying comEti011::\ made less severe if these appear. Quarter­
sawing and partial air-dryillg prior to kiln-dryillg are recommende(l. 

Eucalyptus regnans-Mountain Ash (Vic.), Swamp or Stringy 
Gum (Tas.). 

Uen eral ~r otes. 

The observations and recommendations made with regard to this 
timber arc the result of a considerable amOllnt of work in small 
experimental kilns, in a seJlli-commereial kiln, aIllI at commercial plants 
in various parts of \Tic-toria. 

Warpiny.-On the whole, }..'lIcal:lJptlls regnans has EttIe tendency 
to warp due to sloping grain, except in stock cut from top logs, in which 
portions in proximity to branches are affected. III :mdl case;;, the 
warping whieh occurs apparently cannot be completely and permanently 
remuved; but a~ it is usually cOllfineJ to a few feet in length it ~an 
be docked out without great loss, if sufficiently serious to ~\\'arrant 
such a step. "1 more common form of warping is spring, which is 
prevalent in the timber from some localities, hut almost absent in 
other cases. Spring, fortunatel.y, can be reduced to a large extent 
by the final steaming treatment recommended for overcoming collapse 
in this timber. ~Wh('re the proportiolt of materi111 developillg this 
form of warping is great, it may pay to stack the hoards on edge, at 
least while being reconditioned, as this method of stacking helps in 
the straightening of the boards. 

Ghecking.-Baek-sal\"n material, even 1Il narrOw widths, has a 
strong tendency to develop surface checks during the early stages of 
drying, except in stock J inch or less in tllickllcss. It requircs great; 
care to prevent this chec1,ing, either in air-drying or in kiln-drying 
green off the saw. 

Quarter-sawn material wmetimes has a tendency to check ()Il the 
edges, but it is a simple matter to regulate the drying conditions to 
prevent this, either in air-drying 01' in kiln-drying. On a few isolated 
occasions, a considerable quantity of quarter-sawn material has been 
badly degraded by through clu'cks along the growth rings, bm it 
seems probable that, although these occurred during drying, the initial 
cause was a weakening due to some undetected factor such as wind 
movement in the standing tree, or stresses set up in falling. 

Both back-sawn and quarter-sawn material haye some tendency to 
deyelop internal checks, which arc usually small, sometimes fairly 
numerous. and generally most severe in badly collapsed stock. These 
internal checks do not usually cause serious degrade unless the drying 
cond itions have been llnnuly severe. 
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Collapse.-Collapse occurs very rommonly in this species. In full 
quarter-sawn boards, it sometimes produces a more or less l"l"gularly 
(~orrugated surf are, as illustrated in Fig. 1. ~fore commonly. it takes 
the form of an irregular sinking of the surfaces, except at the edges, 
as illustrated in Fig. 2. In bark-sawn material, seyef(' collapsn 
frequently o('curs without being noticeable. 

Because of the commonness of collapse, it was the custom, for 
many years, to cut stock from this species yery full in size to allow 
for the excessiye shrinkagE'. Fortunately, however, the no,,' ,ridely 
adopted reconditioning treatment, \\"hieh was first disrowred ill con­
llexion ,yith this species, makes it unnee('ssary, in sawing gn'cn stoek, to 
allow for more than normal shrinkage. 

Examples of recoyery obtained by the reconditionillg of eollapsed 
timber are illustrated in Fig. 3. 

Shrinkage.-Thl' shrinkage to be expected in material in which, 
after reconditioning, r('eon'ry from ('ollapse is eomplete or almost 
complete, is as foll(nn, the figures giv('n relating to stock dried to a 
moisture content of 12 per cent.;-

Tangential shrillkagp 
nadial 

7-10 per ('cnt. 
4-5 per rent. 

Suggested Schedules. 

~'"lthough a schl'dule for drying I-inch material greell off the saw 
is included here, the prac-rice of partially air-drying prior to kiln­
drying is strongly advised for this species, for all stock other thall thill 
material, such as case stoek. The schedules for green material are 
included simply for use ,,,hen sudden demands make kihl-drying from 
the green condition neenssary. Further, although a ~clll'dule for 
I-inch back-sawn matl'rial is givl'lI, the adYlllltages of quarter-sawilll!,' 
timber of this species arc' stressc,d, except for thill ease material. 
Th('rc arc' eertain uses for \yhieh the back-sawn grain is desirable, and 
ill sueh ('nsE'S the sclH'dul!'s giyen may be us('d with safety, prO\'iding 
every care is ('xereised in kiln opm·ation. B:y quartl'l'-sa \\'iug \\·hl'revl'r 
possible, the likelihoo([ of loss from dpgra(le and the eost of drying an' 
red uced eOllsi(jpra hly. 

So sehl'dules han' 1](,('11 ('Yohl'el for sto(·k more than 1 'ilH,h ill 
thickllcss, but pro"idpd it is air-drier] to a llIoi~t\lre routent of nDont 
30 per el'llt. before placillg in the kiln, stock up to :2 iu('hes thi(·1\: ('all 

1)(' dried nnde]' thl' schedules giv('ll for I-inch material a o'!'('ater tillJ('. 
of course, bl'ing nercssary. J 'to ~ 

In a 11 cases, a recolJ(li ti oning' t rea tlll ('n t is rCrOl1lIl]('Jl( 1 (,r!. Illl t It(, 
lines set ont in tlie snpplenH'lItary notes. 

I-inch Qltarter-s(w'n 8fol'7.'.-Fol' quarter-sawll matl'l'ial o'}'('('n off 
the sa,\', the following schednlr 18 sugg('steil, it beino' a ,li;llt modi­
fication of one whirh has prowd satisfartory in com';llf'rriai 1>r11eti(·e. 
The drying time llecpssary is about elrven to fourteen (lays ill all I'tnciPllt 
kiln. It bas heen 811011'11 definitply tllat thp use of hig-J;('l' tf'lIlp(,l'ntlll'eS 
in the early stages is inadvisable, ill that vpry se\"('re eollapse, ,,·hirh 
it is difilrnlt, if not. impracticable, to on'rcome, freqnE'lItl." n',nlts. 
Further, the Us(' of hIgher tpmperatnres tends to inr~rens(' the alllollnt 
of internal and edge checking. 
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The cOlllmon practice of using temperatures of up to 200 0 F., with 
very low hllmidities, towards the pnd of a run, is neithpr necessary nor 
desirable, although the timber might not be visibly dpgraded therpby. 

SCHEDIiLE FOR l-IxCH GREEX QrARTER-SAWX ErCALYP1TS HEGNANS. 
----c~~ ----,---~~- -

I 
Changr Points. I 

Dry Bulb 
: Tempf'ratllre. 

\Yet fiulb 
])epr{'~sion. 

Relative 
Humidity. 

---------------------I---~--~----------

IniUaI 
40 % moisture content 
30% 
20 % (to tinal) 

OF. 
120 
laO 
140 
160 

o F. 
]0 
I:; 
20 
;{O 

0' 
/0 
7:? 
62 ,,4 
43 

---~---- --------------~- ---- ----

:For partially air-dri(>d stock, the schedule should be started at the 
eonditiolls for the change point corresponding to the moisture content 
of the tim bel" at the time of putting it in the kiln. For example, if 
the timlwi' is air-dried to a moistnre content of about 30 per cent., the 
illitial killl conditions will Iw a dry hulb temperature of 140° F. with 
it wet bulb deprrssion of 20° F. -When the timbrr reaches a llloistu]"(~ 
("ont('nt of about 20 p('r ('('nt., the eonditioll:; will Ill' rhangpd aeconlingly. 
In all oHicient kiln, timber air-dried to a moisture content of 30 per 
('ent. should readl a moi sture ('ontC'1I t of 12 p('r C('lIt. in a bout fi \'e 

days, if this prol'pdure is follo,,·ed. 

]-inch B(((k-slI/(,11 Sto()'.-Thp tplId(>llcy of back-sawn stoek of this 
spe(~ies to dpyelop sHrfaee eheeks dllrillg the early ~tages of drying 
nece,;situtps tonsiderable earp and close ("ontrol of kiln (,onditions until 
the moisture content is rechH'ed to about 35 per cent. Owing to the 
prec1ominan('p of tlw practice of quarter-sawing l-illeh stoek, little 
attentioll has bC'pn given reeently to the development of schedules for 
hack-sawl! material, the sehednle Sllggpsted here being based largely 
on the r(',ults of t\m semi-commprcial kiln runs put through some years 
ago. The timp reqnil"(~d for drying ill a commereial kiln "'ould be 
hetwcC'1l t hr('c unci fon r weeks. 

SCHEi,l'U: FOR I-INCH Gl~EEN DACK-RAWN EGCALYPTUS REGXANS. 

Change Points. 

Initial 
40 % moiRture content 
:W% 
25 ~'~ 
20% 
15% (to final) 

Dry TIlIlb 
Temperahue. 

OF. 
110 
120 
120 
130 
140 
160 

Wet Illllb 
Depression. 

----

of. 
h 
7 

10 
IS 
20 
30 

I Relative I Rumidity. 

01 
,'0 
84 
80 
72 
62 
54 
43 

------ -----~ ---- ----- .---~--

Dack-sawn material which has been air-dried to a moisture content 
of 30 per eent. or less can be kiln-dried under the conditions suggested 
f01' quarter-sawn partially air-dried stock. It will sometimes be 
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found that surface checks appear soon after kiln-drying of partially 
air-dried stock is started, but experience has 8ho\V11 that this is really 
due to the opcning of checks formcd during air-drying though such 
checks may be invisible ",hen the material is placed in the kiln. Such 
checks may not become apparent during kiln drying unless a high 
humidity or steamin~ treatment is givcn. To eliminate surface 
checking during air-drying, the stock must hr !'tripped with thin ,h'ip" 
(not more than 1 ineh thick) and protrded from the ",cather. 

Case Stoc7,;.-},fixf'cl back-smnl and <luarter-sawn material abollt 
~ inch thick for ('ase sides, tops and bottoms, can be rapidly kiln-dried 
green off the sa,,', using a tempc]'uture of 180 F. with a wet hull) 
depression of 45° F. from the outset. The time required in an efficient 
commercial kiln is about 30 to 36 hours. 

}Iatel'ial for case ends, which is about :: inch thick, must be 
quarter-sawn if it is to be dried rapidly, without degrade, from the 
green eondition. ~\ tf'mpcrature of 180 0 F. witll a wet bulb depression 
of 2RO F. should b(' held until the moisture content is redueed to 
about 30 per cent., after which the ,,'et bulb depression may be inereased 
to 45° F., the tcmperatnre lwing left at 180° E. (This schf'dule is 
too severe for long lengths of 1-inch stork intended for \yeaihcl'hoards, 
which should be dried under a schedule approximating to that for 
l-inch stock). 

In the rapid drying of hoth ('use sides and ease ends, the pieces 
towards the top of the sta~k may cup badly, but they will straighten 
during the reconditioning treatment. 

Although case sto('k of this species is being kiln-dried green off the 
sa\\' with considerable success, it seems likely that partial air-drying is 
preferablp, provided llandling costs can be kept sufficient1y 1m\'. Thp 
reason for this is that collapse is much more severe in material dried 
from the green condition under high temperatures, UJ1(l sati,{actor~' 
reconditioning of such stock is sometimes difficult to attain, 

Eucalyptus rOltrata-River Red Gum (Vic., N.S.W., S.A.). 
General ~YOfc8, 

With the possible exception of isolated eharges, kiln-drying of this 
timber has not been attempted on a commercial scale, the reason being 
that comparatively little material is smnl for purposes where kiln­
seasoning is necessary. Observations have be('n limited to a few 
laboratory kiln runs carried out to investigate the desirallility of kiln­
drying flooring stock, of \I'hich a small quantity is sawn. 

Warping.-In general, this timber has a strollg tendency to Iyarp, 
twisting due to sloping grain and cupping of hack-sawn boards bring 
the principal forms of distortion. Olose spacing of strips is recom­
mended as a means of reducing such distortion, :md a final steaming 
treatment will remove it to a large extent, 

Checking,-Observations during air-drying have heen yery limited, 
but in the small quantity of material kiln dried, it was found possible 
to prevent surface checking, eyen of full back-Ba wn boards hv taking> 
reasonable precautions during the early stages of drying.' 0 It wacs 
found, however, that a yery high humidity had to be maintained until 
the stock reached a moisture content of 40 per cent., -a certain change 
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of conditions that was quite safe w!tell made at a moisture contcnt of 
40 per cent. producing seYere checking ,,·hen made at a moisture 
content of 50 ]>Cl' cpnt. SOlllC checking is likely to occur during 
air-drying, but if the stacks arc sheltcrc(l it should ]lot he seyer1'. 

Collapse.~X 0 obvious collapse has ])1'(,11 ob~erYE'd in this timber, 
but that somc collapse docs occur was in(licatecl in laboratory tests by a 
permanent illl'reaSC in dimensions follo\Ying a steaming tl'eatmcllt gi \'('1\ 

primarily to remove stresses. 

Shrin7.:ugr.-In the fnw boards dried in !aourator,v kiln runs to a 
moisture content of 12 pn C(,11t., the tangclltial shl'iJlkage, after the 
final steaming treatment, was 5~ pel' cent. Prior to the steaming 
treatment, this shrinkage \\":lS 10 per ccnt. in the ease of material kiln­
dried from the green condition, and 6} per cent. in tlle case of partially 
air-dried material. 

Su.gqested Schedulr. 
As the present practice is to saw most flooring stock of thi8 

species on the back, the r1ms made to Jatn ha \'e dealt with back-sawn 
material only. Partial ail'-dryillg prior to kiln-drying is recommende<j 
both on account of the Raving ill kiln rime Hnu becaUSe' of the lesser 
amount of \\"al'ping and collaps(' in partially air-dried stock. The 
schedule suggested below has not bCPll tric([ ill commcrcial kilns, but 
gave satisfactory resu1ts in small kiln tests. The drying time to b(· 
expected in commercial kilns is ahout 21 dayR for green l-i1lCh back­
sawn stock and about five to six davs for similar stork air-dried to a 
moisture contcnt of about 30 pel' ce~t. 

TENTATIVE SCHEDl'LE FOR 1-IxCH GRE),~X BACK-SAWN EUCALYPTr~ 

\ ---------

Change Points. 

Initial 
40 % moisture l'ontent 
30% 
20 % (to final) 

ROSTRATA. ---1-- -- --- ---------- ----
• Dry nulb Wet Bulh Relative 
I 'l'emj)erntuTe. I Deprrs,..,ion. Humidity. 

I I 
I-----,-~-------

011'. 

120 
130 
140 
160 

o F. 
-! 

11 
17 
30 

0/ 
10 
tl8 
71 
60 
-i3 

- ---------------~~--.- . 
~~--------

For I-inch back-sawn stock air-dried to a moisture content of about 
30 pCI' cent., kiln-drying should he commenced at the conditiolls 
corresponding to the 30 pel' cent. change point in the aboye schedule, 
which should then be followed through. 

Whet her the stock is kiln-dried grecn off the saw or partially air­
dried prior to being kiln-dried, a :final steaming treatment under saturated 
conditions at a temperature of 212 0 F. should be given, for the three­
fold purpose of removing warping, relieving stresses, and overcoming 
any collapse that is present. It is recommended that this steaming 
treatment be given when the stock reaches the required final moisture 
content. It should then be folJowed by a short period of re-drying. 
The duration of treatment in a commercial steaming chamber cannot 
be forccast, but it 1yould probably need to be at least six hours. 
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Eucalyptus sieberiana-Silvertop (Vic.), Coastal Ash (N.S.W.), 
Ironbark (Tas.). 

General ~Yofes. 

Very little information is uyuilahle with regard to thl' drying of 
this ti~ber the only svstematie work earried out hl'ing two serni-

, t.- tJ • 

commercial kilu runs of green mixed-sav>Il l±-inrh stock, represeutlllg 
ten trees from 011(' Victorian locality. This work, unfortunately, has 
not been supplemented h,v gt'neral obsenations, but the following notps 
will serve as SOI1l(' guide to any (lIlP drying thl' tim hpr before furt hpj' 
information is ;n'ailabk 

Warping, Checking. all(l Collapsc.-The timber is definitely more 
difficult to dry \yithout degrade than is Eucalyptus obli(llla, and the 
rate of drying uuder similar couditions is decidedly slower. The 
main form of degrade to guard against is surface chl'eking. There 
~was no intl'rnal eheckiug in the charges obselTPd, and pl'aetically no 
collapse. In onl' charge, there was a considerable amount of warping, 
the remo\'al of whieh by stE'amiug was not im·estigated. 

STlri IlL·age.-The lllt\xinunll 811 rillkag(> to he eXl)ected, in drying to 
a moisture ('ontput of 1:2 per cellt., is about 12 ppr cellt. tangential and 
about 6 per cellt. radial. 

,c.,'ug,qested Schedules. 
From the informatiOll available, it is impossible to l'eeol1nnend ally 

schedule for green stock. Of the two eharges that haye be ell observed, 
the schedule for the first was too severe, for the back-sawn material at 
all events, while tlil' seroud was quite satisfactory ill so far as degrade 
was concerned. The dryillg time in both runs, ho\\,('ver, was much too 
long to be C'ollllllercially practicable. It s(,pms llnlikel? that any 
economica1 schedule for green stock will he possib1e, and partia1 air­
drying prior to reconditioning> is thereforp reC'olllIllended. 

Owing to the tendeJI('.'· of tl1is timber to deve10p surface check" 
during the early stages of drying, quarter-sawing is also recommended. 

Even for partially air-dried stock it is diffi('ult, at this stagl', to 
suggest a safe schedule that will give a satisfactory rate of drying, and 
the following suggestions must llot be regarded as final. They are 
not likely to lead to degrade of stock, but the drying time might b(· 
unduly great. Stock 1 inch thick air-dried to a moisture ('ontent of 
:30 per cent., can, if quarter-sawn, be dried uncleI" the same schedule 
as partially air-dried E. rl'gnalls. It is doubtfu1, however, if partially 
air-dried back-sawn stock could be dried safl'ly under this schedule, 
and for such material it is suggested that the I-inch back-sawn 
E. regnans schedule be follmred through from the ,1O per cent. change 
point. 

Eucryphia biUardieri-Tasmanian Leatherwood. 

General Nates. 

Information on the drying of this timber is limited to general 
observations made from time to time, and to one laboratory killl 
investigation of the combined air- and kiln-drying of a charge of 
I-inch quarter-sawn stock. As the timber seems to he particularly 
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easy to dry without degrade, however, such observations as have been 
made are recorded here as a guide to those wishing to dry it before 
further information is obtained. 

Warping.-Very little warping, and none of a serious nature, has 
been observed. 

Checking.-N either in the air-drying of squares up to 3 inches x 
3 inches nor in the kiln-drying, under a comparatively severe schedule, 
of partially air-dried I-inch quarter-sawn stock, has any serious 
checking been noted. 

Callapse.-N 0 apparent collapse has been observed, but the possi­
bility of increasing the dry dimensions by a reconditioning treatmen t 
has not been investigated. 

Shrinkage.-Hadial shrinkage only has been noted, the maximum 
figures obtained in drying to a moisture content of 12 per cent. being 
5 per cent. 

Suggested Schedule. 
"ls previously pointed out, kiln-drying observatiol\s haye been limited 

to I-inch partially air-dried quarter-sawn material, and even then to 
a small quantity of material only. These observations indirate that 
the schedule suggested for sassafras should be quite safe fOl" snch 
material, and the drying-time in a commercial kiln should be abont thn 
same as for sassafras. For the relief of stresses at the end of drying, 
the same treatment as for sassafras is suggested. 

When further work has been done, it will prohably be showl! that 
kiln-drying from the green condition can be carried out economically. 

Nothofagus cunninghamii-Myrtle or Beech (Tas. and Vic.). 

General ]',T ates. 

The commercial kiln-drying of this species has been carried ont 
for a number of years, the principal sizes so dried being wide I-inch 
boards and "squares" for shoe-heel stock. Both kiln-drying from 
the green or practically green condition and combincd air-drying and 
kiln-drying are practised. Close observations throughout several com­
mercial kiln-charges of shoe-heel stock showed considcrable variations 
ill the drying characteristics of this timber, some material being 
comparatively easy to dry while other material was extremely refractory. 
The principal difficulties obseryed were the removal of "wet spots" 
(Fig. 4) and the prc;wntion of serious internal checks (Fig. 5). 
Inquiries showed that these two sources of trouble ,,'ere common, par­
ticularly in the drying of shoe-heel squares. 

Laboratory kiln investigations to date haye definitely shown that 
this timber varies so much in its drying characteristics that, considering 
stock of any particular dimensions, some method of sorting into at 
least two drying-classes is essential for efficient practice. -In othe,· 
words, for stock of any particular dimensions, it is impossible to 
arrive at a completely satisfactory schedule for the species as a WllOk 
If a charge of unsorted stock is dried, the casily dried material mnst 
be delayed, to ensure freedom from degrade in the more refractory 
material. While the differences throughout a charge are more pro­
nounced when kiln-drying materi3l green off the saw, they are still 
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appreciable ,,,hen kiln-drying partially air-dried stock. Laborator~' 
kiln inyestigations have been mspcll<led until some practicable method 
of sorting this timber prior to drying has been (l<:yeloped. 

TVarping.-The only form of warping that has been ob~ened to 
occur to any extent i" t11(' diamondillg of squares, cut ~\\'ith the growth 
rings running diagonally across th(· end secti01l. This diaIlwnciillg' 
(~an be reduced, but not completely n·moyed, by ,I nlllll ~l('nl1l\llg 
treatment. 

Checking.-Surface clwd,ill,u' docs not usually give serious trouble, 
even in refractory lllatp]'ial. llut internal checking' is often very serious. 
Squares which shol\' llO dlcck,.: (lJl the ends or sides may contain large 
internal checks that make t IIC'l1l practically worthless (s('e Fig. 5). 
As mentioned above, these internal checks, together "'ith .• \I'pt spots," 
constitute the main problem ill the drying of this timber. 

Collapse.-Collapse is fairly ('om mOll, and is frequentl." associated 
with the largest internal checks. The reconditioning of collapsed 
stock has not been studied, hut some increaRe ill size has been noted 
in connexion with final steaming treatlllents to relicye ~1 rcsscs, and the 
reconditioning of boards is sometimes practised in c01Jlmel'cial plants. 

Sh l'inl.:age.-Shl'inkage mea,U1'('11[('11ts hay(~ been lim itecl to s11oo­
heel" squares," and reduction of shrinkage by reconditioning has not 
becll observed. In drying to n moisture content of 12 per cent., the 
llIaximum tangential shrinkage noted was 14 per ccnt., and the 
maximum radial s111'inkage 10 per cent. Both these figure's would be 
redu('ecl to some extent hy recoll<litiolling. 

S1ltJ.!Jesfed Selledll/e. 

,1s has been stated above, llO schedule \I'ill be completely satis­
factory for ullsOl'ted material of anyone size, as it will be either too 
seve],e fo], some of the material or unnecessarily slOlv' for some. In 
spite of this, unsorted mat('l'ial is dried in commercial kilns, though 
details of conditiollS used 11 1'e not known. The schedule suggested 
here is based simply on experiellr(' in drying mixed shoe-herl " squares" 
in laboratorv killls, and has nor been tried in commercial kilns. It 
should be s~fe for' all except the most refractory timber, hut is 
unnecessarily slow for much rna teri nl of this speries. It is suggested 
simply ad the best that can be offered until sorting of green material 
i" pos,ihlp. ~ 

Partial air-dryillg prior to kiln-clrying is rec()mmell(led, at least 
until sorting of green mate],ial can be practised. When 11 method of 
sorting' is dewloped, it is not likely that drying green off the saw will 
be a~ ('('oIlomieal as rombined air- and kiln-dl'ying, even foJ' tlw milder 
material. 

As the schedule suggested has ]]ot bpen tried out in large kilns, it 
is difficult to estimate the drying time that would be requir~d, but this 
would probably be between 35 and 40 da.vs for 21-i]]. x 21-in. stock 
green off the saw, and about 20 days for similar material air-dried to 
a moisture content of 30 per cent. 

A final steaming treatment to remove collapse may not always be 
necessary, hut a final steaming for about t\VO to four hours under 
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saturated conditions at ] 50: F., to rcliev(; stresses, is recommended. 
In addition, intermediat(' steaming or higll llUmidity treatments may 
be henefirial. 

TEKTATIn: SCHE1WLE FOR GUEEX :'lYlnLE SHOE-HEEL STOCK. 

Dry Hllltl 
T(' m i)cra t u rl'. 

\ret Bnlb 
l)1'1)1('8~iun. 

t{datjye 
HUlllidity. 

- --~--~ ------

Initial 
40 % moisture content 
30% 
25% 
20 C;o 
15 % (to linal) 

o ~F. 

10.) 
120 
125 
130 
135 
140 

OF. 
-4 

7 
10 
20 
~8 

'/0 
H7 
Si) 
80 
73 
G.Jc 
41 

}'or similar stock air-dried to a llloioture content of 00 per rent., 
kiln-drying shonl(l be cOIDmemed at the conditions corresponding to 
rIll: 30 per cent. change point, and the sclJedule followed through from 
that point. 

SC'hedules for stock of other dimensions haye not been im-estigated. 

Pinus radiata--Insignis or Monterey Pine. 

o eneral j_YoLe~. 

In additioll to laboratury kiln illvestigatio1l8, obseryations of this 
timber han' been made during dl'yillg in commel'('ial kilns in South 
~ \ustralia, m)(l one of the schedules recommended has been tried out 
successfully ill i,\ e\\- Zealand with timber grown there. The timber 
is easy to < dry ~\\'ithout degrade. 

1rarpiny.-The most common form of warping experienced with 
this timber is twist, due to spiral grain. This is not a serious form 
of degrade iJl I-inch stock except when tile (lJ'ying ('ol1ditions have been 
too severe, and even thell can be ]'('duced to some extent by a final 
~teaming treatment. Careful stat·kin,!!: ~\\"ith weights OIl top of the 
stacks, and adherence to reasonable drying conditions, are recom­
mended for rcdueing the ~('yerity of t\\'ist. If severe twist is present 
when the boards are machined, splittill§! may occur. 

In drying thin case stock, there is not much tronble with warping, 
provided th,· stacks are \\"cight('(l. 

ell ecking.-Provided reasonable precautions are taken, serious 
ehecking does not occur. though slight surface checking may occur in 
back-sawn stoek Checking of, and around, knots will give trouble 
if the drying conditiom are too severe. 

Looseninq of J{ no/g.-Knots are usually tight, but some trouble may 
he experienced from loosening where encased knots are present. 

(In71apse.-Oollapsp has been observed, but is exceptional. 
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Shrinkage.~Tal1gential shrillkage only has been obsened, and hns 
been found to yary from 2~ per cent. to 4} pC'r cent. in drying to a 
moisture content of 12 per cent. 

Sliggested Schedules. 

'While both killl-drying green off the sa,\" allc1 combined air- and 
kiln-drying are practised, this timber is one with which the former 
procedure can often be carricd out c("OIlOmically. "\Vhere twisting due 
10 spi'ral grain is 5 e\"(' 1"(', hO\\"eY('r, ('ombined air- and kiln-seasoning 
lIlay he advantageous. 

Thc schedules suggl'ste(l belo\\" an' ]lot bping ac1bered to strictly in 
.'...llstralia, but are suggpsted as a result of laboratory kiln runs, an(l 
at least one of those give]1 for l-inrh stock has been tried out success­
fully in a commercial killl ill 2'\C\\" ZealHnd 

There is a very big ,oariatioll in the initial moistnre content of this 
tilliber, according to tIl(' proportion of sapwoo(l prl·srut, tbe obserycd 
limits of this yarintion being 50 per c('nt. all(I 0\"81" 200 per cent. If 
it were practicable to sort into two dryillg classps, separated on this 
basis, it would bp a great adYalltage from the spasoning point of -rie\\'. 
,Vith unsorted stac'k, th(,re is a risk of gC'tting all l111eYf'lI final moistur<~ 
content, and at the he~t somc of tIl{' stock lmlst lw held ill the kiln for 
an unnecessarily 101lg" timc. 

Joil! cry and I-ill 1'71 Sf ock.- For flooring", \\'en t hf'["hoard, and similar 
stock, the first schedulp is re('olllll1ell(led, 1mt fur joinery stock, t1w 
second should be used. I t is probu hIe, 1101\'('\'(>]", that if thc timber 
could be sorte(l into two moistn]"p ('ontent elai's('s. sto('k with an initial 
moisturc content below, ,ay 100 per ('ent.. could he dried under the 
first schedule, ilTe,pC('fin' of tlte ultimate use for which it is intendrd. 

A final high humidity treatlll('nt of abont :21 hours at a tcmpcrature 
of 150 0 F. and a wet lllllb drpl'r's,iOlI of (l0 F. is r('coIllIllenc1ed to reliryc 
s1l'('sses in I-inch slode .\ r'ol'rrspollrliIlgly longel' treatment IS 

ll('cessnry for I hiekc'[" sto('k. 

For 1-inch stock, a drying time of ahoul four to fiyc days sholll(l 
be sufficient in nil ('fficient -('ommereial killi. Joinery st;('k would 
j"('quir(' slightly longer. 

SCHEDT~LE 1. 

TEl'ITATI\'E SCHEIll"I.E FOI( GHEF:X Pl;\T~ lL\JlI.\'L\ FLI)ORlXG, \VEATHEB­

BOAHD, X:\D 'I:\[IL.IR STOCK OF AX, ~IOIHTnn; C\JXTEXT, OR FOI( 

JOIXEltY STOCK WITH AX 1:,(ITL\L :JIOlS'JTl(E COX TEXT BELOW 

100 PEP. ('EXT. 

Challg'<' Point~. 

Initial 
50 % moisture content 
25 % (to final) 

--1- -]): 11ll11,---I-:e~B~I~----RelatiVe 
i TplIljwrature. ])epref'Bion. Humidity. 

___ 1 ____ 1 ___ _ 

OF. 
180 
180 
180 

I 
I 

OF. 
IIj 
30 
50 

01 
10 

70 
47 
26 
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SCHEDrLE 1I. 

SCHEDL'LE FOR GREEX PINTS R.UlTATA .r OI:,\ERY STOCK WITH AN INITIAL 

MOISTl-RE COXTEXT AllOVE 100 P~~R CENT. 
~--------------

l>ry 1{1I1h W"t 11111» !lelative 
TcItlIH·raturp. ])f'prp~sion. Humidity. Change Point .... 

of. °F. 0' 
() 

Initial 160 13 71 
35 % moisture contmt .. 
16 % " ,,(to tinal) 

170 26 51 
180 45 30 

Case Sfocl ... -For dryillg thin ('ase sides, a constant schedule IS 

recommended, the eonditions suggested being a dry bulb temperature 
of 200 0 .F. with a wet bulb depression of -1,:;0 F. In an efficient 
('ommercial kiln, the drying time shoul(l not exceed twelve hours. 

For drying casn (,lId~, the follo"'iul!: sc-hl'dule is suggested. The 
dryillg time should not exceed 36 hours:-

Change Poillts. 

----·-I---I~f\- JllIl» -,- ~y(: :1:---H~U~\~---
I TC'IllI)f'Taturt:·. I Tkpn'f.l.f,;ioll. HUIllidity. 

-----------I--:~)OFo· -II 
1 nitial _ 
GO % moisture content (to final) I :ZOO \ 

Salix spp.-Willow. 

(jellera! Jfuil's. 

OF. 
:30 
50 

0/ 
/0 
51 
30 

Tlle dryillg of c-rieket hat cll'fts has become of some importance 
during the last few y!'ars, as a considerable number of bats have becn 
made from Australian-grown willow. It has been held, until recently, 
that air-drying alOlw was suitable for drying such stock, but lately 
there has been a tr('Jl(] towards COlli billl'd air- and kiln-drying, using 
low temperature sc·heduies. The timber is by no meallS difficult to 
dry, but the rl'quir('lIH'nts of a erieket bat are such that considerable 
care in drying is n('cessary. In particular; high temperatures should 
on no account be use(l at :lll'y stage in the drying of stock for this 
purposc, and partial air-drying prior to kiln-drying is recommended. 
Observations on eOItll1leric'al kiln charges of bat clefts ha\"e been made, 
in addition to lahol'atol'Y kiln runs, and although a final comparison 
of air-dried and kiln-dril'd bats has not been madc, kiln-drying of 
partially air-dried defts, using the schedule suggested below, yields a 
product which such tests as have been marie indicate to be satisfactory. 

The other main use of willow is for parts of artificial limbs, the 
biggest user in this (lirectioll being the Commonwealth Repatriation 
Department. The praetiee is to dry the willow in the log, a procedure 
which presents very appreciable difficulties and leads to considerable 



waste. i.Iueh simpler and quicker drying, without the present largl" 
percentage of waste from splitting, woulll be obtained were the material 
dried in planb or boards, and fabricated. Tlwre is everytllinf!: (0 

comm(md this 1)l'0(:0dure from the drying point of yie,,', alld it i..: 
difficult to concpiYe of all," ubj(,etioll to it. The strmgth cer!ainly 
"oOldd not be affected, and at least 0111' mall ltas used a leg wIth a 
fabricate<l thigh part and pronoullioes it to he 38 comfortabk a~ Olle 
shaped from a solid piece. 

TVarping.-?\fatl'l'ial for cricket bat stock is llecessarily straight 
grained, and warping i" not a problem in the drying of sneh lllatrrial. 

Checking.-Unless the ends are dried too quickly, sections up to till" 
size of cricket bat clefts do Hot check rea<liIv. Internal checks have 
not been obscryed in cricket bat clefts. an(1 c1;('cking of any drscriptioll 
docs not gi \'e trouble provided reasonab k precautio1ls arc taken. "\. 
suitable end coating should be llsed to preY('nt rnd-checking, and ill 
this regard it might be pointed out here that the lime coating whi,oh 
is sometimes used is rarely satisfactory. 

Timber dried in the log form frequently splib very badly, and 
while waste from this canse is not always serious, owing to the log 
splitting fairly evenly into quarters, sllch all O(OCUlTence is purely a 
matter of chance, and the usefulness of the resulting' quarter;; IS 

dependent on the size of the log. 

Collaps8 and Slzrinlwge.-Collapse has not herll ohscned 111 thii' 
timber, and no shrinkage figures are available. 

Suggested Schedule. 
While it may be possible to kiln-dry crieket bat clefts from the 

grecn condition without inflllen(oing the quality of the bat, partial air­
drying prior to kiln-drying is recommended, until this point has b(,(,11 
proved. No attempt to develop a rapid kiln-drying schedule has been 
made, and it is considered inadvisable to make such an attempt. Th(' 
following schedule, howey('r, will eliminate mllch of the unuece8s1ny 
delay which oecul'S ill the latter stages of air-(lT;ving. 

TENTATIVE SCHEDCLE FOr{ PARTIALLY Am-D](!ED ,VrLLOW CRICKET B.tT 

STOCK. 

Chan!!e Pdlltf'. Dry BlI]I> Wet Bulh Relatiw 
Temperatnrf'. Depression. Humidit~-. 

I 1 I -------------,--------1-·----------

[nitial (about 30 % moisture content) 
25 % moisture content (to final) .. 

C _F. 
110 
120 

OF. 
10 
1" 

Tristania conferta-Brush Box (N.S.W. and Q.). 
General N ales. 

0/ 
10 
iO 
60 

With this timber, the principal seasonillg' problem is one of drying 
flooring stock, which is cut from those portions of the log remaining 
after as big a yield as possible of larger seetions, such as paving blocks 
and bridge decking, has been obtained With this as the basis of 
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('ollversion, it follows that much of the flooring stock must be back­
sawn. Further, as the object of sawing flooring stock is to increase 
the recovery from the log, it i~ not practicable to select straight grained 
timber only; and the timber is one) which contains a great deal of 
irregular grain, especially in the upper logs. 

Observations have lle'Cll lllade during the ('ombiuf'cl air-drying an(l 
kiln-drying of t,,"O cOlllllH'n:ial kill! charges of this stock, and during 
several small experinwntal kiln J'UllS -with green i-inch stock, most of 
\"hich was (lwll'ter-sa \\'11. III audi tion, t he po~si bility of removing 
the warping from air-dried 1-iu('h )laling stock has been inyestigated. 
Work in the small experimental kilns ,,,as stopped, as the warping 
problem, \I"llich pr01'ides the main obst aclc ill the succe~sful drying of 
this timber, could not he :;tndi('<l in the ~hort lengths to which such 
,mrk is limited. 

1Varpinr;.-Eitller in :Iir-dl'.\"illg" or ill killl-dryillg from the green 
{'(Jlldition, a big proportioll of this tilllbel' lllllSt be expected to warp, 
nlld 'I"hile this \\"arping app:l rell tl:-" calillot bl~ l"l'lllOy('rl permallcntly b~" 
a final steamillg, it can be l'('lluced. The ]lr:wticc of block-stacking the 
f!:reen boards for a lwrioc\ hefoTe strippillg out is saill to reduce the 
illllOunt of warping considua bly, but ('yell t lll'll it is frequently ]lC(,l'.';­

sary to mar·him: tIte ~to(·k 1\\ il'C' in order to gel straight flooring board~. 
Tlle phwillg of ~pncillg ,.;trill,' at close illteryuls, S:I,\" 12 inch(·", npart, 
durillg the entire ~ea"ol1illg proces", :lIlc1 tIll' weighing of the tops of 
stack" a]"{~ .'mggestcd a, I)(lssible mean" of reducillg warping to a 
minillluJil \\'itllOut the deln," occasioned b:, a period of block-stacking. 

Checldll_(J.-Ohecking of baek-s<l\Dl boards also gin:s some trouhle, 
a considerable amount of checking, some of it sevcre, haying o('('ulTeQ 
ill t be t \\°0 C'OlllTIwrcial eharges refelT('rl to above, whieh were ~j ad;;:ed 
fl)r air-drying at the bcginning of winte!'. Presumallly, this trouhle 
('(mlll lYe overcome by the use of thinner spacing strips (say l-illC'h 
strips) in air-drying. or by carefnl kiln control in kiln-drying greell 
off the saIl. 

('olflIjJSr'.-Tn killl-clryinf! from the gn'l'll ('ondition at least, sufficient 
("ollaps(' (l('('urs to jn.sti fy :1 Dnal rcconditionillg treatment, in ,,,hich 
<1 fairly guod re('on~)"~" C~lll Lr: ('x],l'cted. This treatment also has the 
dIed of j"('llloying "llile of th" \\'arpillg, relieving the ~eyere case eom­
pressioll s!re3S(,S that jewl to develop during drying, all(1 improying the 
llloisturp (listributioll conclilioll of t11(' ,toC'k 

ShrinhuJc.-X 0 figures an' [("aib 111" for tangential shrillkagl', and 
0111.\" limiterl figures for rarlial "ltrinkage. So far as they go, these 
indicate that, in kiln-clrying makrial green off the saw to a moisture 
('Oll;e11t of 12 pel" cent .. till an']":lge radial shrinkage (including collapse) 
of about S pel' ('pnt. i..; ;0 he ('x]l('C'tc:cl. The degree by which this 
,:hrinknge wOlllcl he )"P(hl(,,,r] h,\" :l ]"(·eonditioning treatment has not been 
dr'(('rmill(,(l. 

,c.'/I[J[jC!i/cd Schedule. 

Work on the development of schedules was suspended for the reason 
a heady given, but the following schedule was found to be satisfactory 
for l-inch quarter-sa,yn material green off the saw. Using this 
seltedule, the time that would be required in an efficient commercial 
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kiln would be about three weeks, and it IS douhtful if l-illch quartel'­
sawn boards could be dried from the green condition ill less tilll(, thall 
this without severe degrade. The conditiolls are too severe for greell 
back-sawn material, but I-inch back-sawll matprial, air-dried to a 
moisture contrIlt of about 30 per cent., conl(l pr()bahly be dried satis­
factorily under the latter part of the schedule (i.e., under the cOllditiowi 
shown for moisture cOlltrnts of from :)0 pel' (·pnt. cloml). Partial 
air-drying prior to kiln-drying and a finnl reconditioning treatmellt 
of about six to eight hours' dUl'atioll an' j'('('Olllll1pndpd, 

Challge Point:o;, 

Initial 
50 % moisture content 
40% 
30% 
25 <j6 
15 % (to final) 

o l~'. 

120 
140 
160 
160 
170 
180 

lIT. SUPPLEMENTARY NOTES. 

eli'. 
III 
[() 

I:l 
:.?O 
~;) 

:38 

Ih'lati\'e 
HIlIllidit~r. 

() 
/0 
72 
ie, 
71 
"I') 
3~ 
38 

The following definitiolls and Ilotps are aPP('lld('(1 ill explanation of 
certain terms used throughout t1}(. [('xt, an(1 for gmwral guidance to 
k~ln-operators in pn"'Plltillg' or on'rcolllillg the Yal'ious forllls of 
degrade., Fuller i IIformatioll reln ti "P to seasollillg practice wi 11 l,e 
found in the Trade Cireulflrs \\~hi('h an' published hy the Division 
from time to time, Of such (·irculnl's published to date, a list of thos(' 
rele,'ant to seasolling is gin·n at th(' ('ondusioll of these notes. 

1. Moisture Content. 

Information regflrdillg: the lIloistl1J'(' cOlltained 1Il ,,'ood and methods 
of determil\ing moisture ('Olltpnt ,,-ill 1)(' found ill Trade Circulars Xo,-:, 
2, 3, 7, and D, ln this n·gard, it is llL'cessnl'Y lwre to point out only 
tha t the flmoun t of llloist 11]'(' eon tainc·d in \Yooll should al ways 1>(: 
expl'ess('cl a8 a pt'rcelltag(' of t]l(' oyen-dr;v \H·ight of the wood. Thus, 
it is possible for a piece of ,,"ood to ha\,(' fI moisture content gTC'atpJ' 
thall 100 per ('('nt., a condition 1>," no Illeans UI\('Ollllllon in green -tilllh('J' 
of somc species. 

The final moistul'(' content to ,dlich til1lbpl' should be dried llep(·Il(j,.: 
011 the use to ",hi('h it is to be put aIHl on the locality in whi(:h it is 
to be used, and for this reason, schedules in(·luded ill thi, Pamphlet 
do not state a final moisture eontput. In general, hO\\'('\'('r, a final 
moisture content of about 12 IJPr cent. is desirable for timber in 
sheltered 01' indoor positions in .\ustl'alia, ('xcppt in dricr inland 
districts, where a moisture content of about 8 to 10 per cent. is 
cl('si I'flhlp. 
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lvIoistllfc DistrilJUtion: JIois/lire Gradiellt. 
The moisture in wood tends to distribute itself eyenly by 1ll0Vlllg 

from areas of higher moisture tontent to areas of lower. Thus, if 
the moisture content of the surface of a piece of green wood is lowered 
by evaporating moisture therefrom, a mon'ment of moisture from the 
still wet interior to the drier surface will result-a fuudameutal prin­
ciple in the drying of timber. A difference in moi~ture content 
between the inner and outer zones of a piece of timber is referred to 
as a moisture gradient, and it is Oil the establishment and maintenance 
of a suitable moist11l"e gradient that th(~ suC'ces,;ful dryi\\g of timbel' 
depends. The l'('asoll for this will be eyirlcnt aft('l' l"l'a!ling the sections 
on shrinkage, stresses and" set," and cJH·cking. 

In timber which has been properly dried, the filial Illoisture dis­
tribution should be evell. That is to say, there ~h()uld oe no moisture 
gradient, or at most only a "ery slight one--a differl'n("(' of up to 2 I)pl" 
eellt. between the moisture content of the snrfa('(' all!l that of the con' 
of a piece is gellerally allowable. 

One other point to note at this stage is tlwt at a ('('rtain temperature 
the moisture content to which the surface of a piece of wood will conw 
is depeudent on the rplatiw humidity of the surrounding air. Thi, 
l)l'oyides a simple n]('al] s of regulating t he steepness of the llloistur(' 
gradient during drying. The term "eqllilibrinlU moisture content" 
is used to denote the moisture ('outent at which wood will rp\I\ain for 
all indefinite time ,dWll the sutToUlHling air remains at any particnlar 
temperature and hUlllidity. 

2. Shrinkage. 

As wood dries, it shrillk,.;, the degrpp of shrinkag(~, fill' purposes of 
('omparison, being expressed as a Iwrcpntage of the grePll dimensions. 
Thus, if a board llleasnres 10 irl(']tes in \\'idt h ,dwn green and 9 inehes 
'when dried, thp shrinkage, ('xprpsse(l as per('entage, is-

III practically all eases, shrillkage in the IPllgth I)f a boanl (i.e., 
longitudinal shrinkage, parallel to the length of the 'wood fibres) is 
negligible. Shrinkage ill the width and thiekn('ss of a board is, 
howen'r, appreciable, and yaries aeeo]"(ling to the din'etioll of cutting 
relative to the growth rings. Shrinkage parallel to the gro\\·th rings 
(tangential shrinkage) is usually approximately double that at right 
angles to the growth rings (radial shrillkage), the reason being 
explained in Trade Circular .No.3. 

In a yery thin piece of wood, shrinkage would not commence uutil 
the moisture coutent had been rcdueed to somewhere between 25 per 
cent. alld 30 pel' eent., aecording to the species. This moisture conknt 
is known as the" fibre Raturatioll point," and is the point at which the 
last of the free water has been removed from the cdl eayities (see 
Trade Circular No.3). In an ordinary board, hmYe,'er, shrinkage 
can usually be obsen-ed almost from the beginning of drying-eertainly 
long before the average moisture content of the board is down to fibre 
saturation point. The reason for this is clear when it is considered 
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that the drying of the board is (lepl'uuent Oll the setting up of a 
moisture gradient, the lowest moisture cOlltent being at the surfaee 
of the board. This means that the surface of the board reaches fibrc 
saturation POiIlt an(l COlllmences to shrink "'hile the cells in the centre 
still contain most of their original fr(·(· water. The board can be C01l­

sidered to reach fibre sa tura tiOll point layer hy layer, \\'orkillg from 
the surface inwards, and as each suc('ceding laycr reach(·s this point 
it contributes to the shrinkage of the board as a whole, compressing 
the inner layers which still contain free water. The actual amount 
of compression which occurs in the inner layers is increased by th(· 
fact that wood above the fibre saturation point, particularly when hot, 
has plastic tendencies, whereas wood below the fibre saturation point 
is much stiffer and stronger. 

This drying of a board, layer by layer, 110t only aceounts for the 
OCCUlTPll('C of shrinkage beforc thc aycrage m0istul'E' contrnt reaches 
fibre sat11ration point, but is responsibl(' for olle of tll() principal forms 
of drying dc·grade, namely, checking. The latter point is illustrated 
by the fact that a Ycry thin piecc of wood, ill ,,·hich drying does not 
proceed layer by layer, hut at the same rate throughout the whole 
thickness of the piccp, can be dried at almost any rate without checking 
occurring. On the other hand, the g'rcatpl' thp thirkncss of the pie('c 
being' dried, the greater is its ten(h'ney 1 () rheck. The practical 
significance of this will be realized if thf' .'wlledulp for thin R. rerJllan s 

case stock is compared with that for l-inch stock of the sam(' specie,. 

Another factor must, ho\\"('yer, bp considered before entcring on 11 

(li~cu,sion of checking. 

3. Stresses and" Set". 

III the drying of a very thin piece of \\'ooll, th(' pl('(~e \\'oulll simply 
shrink, and thcre would be no consequent tl'oublp. But \\"h(,l1 11 board 
of appreciable thickness is drie(l, the problel1l is m11ch less simplr,. 

In the layer by layer drying of such a board, the first cri tical 
stage is reached \\·hen the outermost laycr (iries below fibre saturation 
point, and begills to shrink. (1~n(lrl' ordilUlr,Y drying conditions. the 
extreme surface la~'cr will reach this point in a wry short time.) The 
shrinkage of thc outm'nlO,t layers is resisted hy the inner laycrs, \\'hich 
still contain frce moisture and lHwc no natnral tendency to shrink at 
this stage. 1'11<: immpdiate resnlt is that the ontermost ·layers, having 
been prevented from shrinkillg to their full f'xtpnt, remain in a state 
of tcnsion stress and rause comprcssion stresses in the inner layers. 
which, being wet and plastic, ",ill adually bp comprc,;sed to some extent. 

N ow, if a very thin piece of wood is dried and preyented from 
shrinking, it will be in the same condition as the ontermost layers in 
1 he board considered above. That is, it will contain tension stressef'. 
If, aftcr drying, the force restrainillg it from shrinking is remowcl. 
it will shrink, but not to the same extent as it would have, had shrinkage 
been unhampered during drying. That i,. it can be said to haY(' 
developed a tension set. Also, if a piere of g]'('en wood is rOmp1'C8:"p(], 
01' if a piece of ,yood helow fihre saturation point ahsorbs moisture. hut 
is prevented from swelling, it will dcvelop compression set, and i'Uch 
a piece of woocl, when re-dried. \yill hal'(' a greater shrinkage than 
formerl:v. -
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The~e two facts havc an important practical 6ignificance in the 
commercial drying of timber. Going back to the early stages of the 
drying of an or~illar:r board, it will no,:v be sce.n that, in addition to 
tension stresses 111 the outer layers, tenSIOn ~et IS de\"eloped, layer by 
layer from thc surface inwards; the inner layers, in addition to COll­

tainil~g compression stresses, develop cOlnprei'sion set. L\_t this stage, 
the outer "case " of the board has been so affected that its total 
ultimate shrinkage will be less than normal, whereas the inner" core" 
has been so affeeted that its ultimate tendency to shrink when dried 
will be greater than normal. Thus, there 1\~ill ultimately be a ten­
dency for the core to pull a,vay from the case. and thp stresses so set 
up may, if very sevprc, rupture the illlH'r portioll of tht' hoard, eausing 
internal chpcb. 

It is evident, therefore, that the second critical stage in the dryillg 
of a board occurs 1rhen the core dries below fibre saturation point and 
tends to shrink. Up to this point, the case ha~ beeu in tellsion and 
has developed tellsion set, whereas the eore has been undl'l' compression 
and has den>loped some compression "ef.. .\_s soon as the ('ore driE's 
below fibrE' saturation point, ho\\"en'I', the trndency to Hlll'ink establishes 
within it tension stresses in place of the ('ompression stresses, though 
its state of compression set remains unaltered. At the same time, the 
pulling in of the core on the case creates compression stresses in the 
case, in place of tension stresses, although the tension set of the case 
still remains. This l1PW stress condition will rcmain and continue to 
incrra~,' ill ,;eH'rity until drying of the core ceases. 

The actual forms of degrade resulting" from the strl'~ses (leveloperl 
during drying are considered below under the headings "checking"" 
and" warping" respectively. 'Without referring to them specifically, 
however, it is evident, from the abovp, that (lepTade will increase wi.th 
increase of stresses and of dpgree of set, and lllat the s('Ycrity of these 
will be dependent 011 the steepness of the nlOi,tnl''' gradient set up 
during the early stages of drying. 

In other words, if the humidity of the air during the early ,tageo 
of drying is too 10\\', the drying of the ('[18(> of the hoard will be too 
rapid as compared \\'ith that of the ('ore (too steep a moisture gradient 
will be established), severe stresses [111(1 [1 high (l(;gl'ee of set ,yill b(' 
developed, aJl<l (l('grade will result. 

Degrade will also result if the drying temperatme used is too high, 
since timber hrcomes weaker and more plasti.e at high temperature~, 
especially whpn wet. 

It is not practicable to dry timber without developing some stresses 
~nd set as descrihed aboye, but by regulating: the drying conditions it 
IS practicable to regulate the severity of the stresses, and so eliminate 
degrade. 

Stresses may be relie,'rd from time to till1e throughout the drying 
treatment, as described below under "Prevention of Checking," and 
a final treatment (either high humidity or steaming under saturated 
conditions) is usually neC'essary to free the timber from stresses. 

Detection of Stresses.-The standard method of determining the 
stress condition in a piece of timber is to cut a section similar to a 
moisture content section and to saw this into prongs, with the saw cuts 
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parallel to the original wide surface of the pIece. This section should 
he about 1 im·h in length in the direction of the grain, and should be 
('ut at least 18 inches from the end of the piece. Each prong should 
he approximately t inch thick-four prongs in a piece 1 inch thick. 

The behaviour of the prongs should be noted, both at the time of 
~a\Ving and after standing in a warm room or in some like position, 
llutil they COllle to ('quilihl'ium with the atmospheric conditions, The 
direction in which t lll' prongs turn shows the type of stresses present 
ill the case and eor(' r('spe(~tiyely, aud the degree of curvature of the' 
prongs, and their ],elatin' lellgths, indicate the sewrity of these stresses. 

Fig. 6 illustrates the types of prong behaviour obtained at different 
~tages of drying and gin'~ an explanation of each combination of stress 
('ul1ditions. In this fignre, to san' ~pace, the term "steaming" has 
heen uspd for lligh hUIlliditJ, treat1II('nts as well as for treatments nnder 
saturatcd conditions. Th(' aetnal llature of the treatment for each 
particular cas(' mmt be taken from the text of these notes. It is 
important to r elllC' III ]1('1' lilat ~taf!,'Cs 1 an(l ::) ill tl1i~ figurl' will always 
occur during the drying of timber. 

The important tIIillg is to prCYi'llt 
~l'n!IT, alld filIally to hun' t]H' timber 
"tr('s~, as ill ~tage 3.L 

tlIp ,tresses from b('c'oming tO(l 
as Jl(·arly as possible free from 

OllC'C a satisfaetory s(·hedulp for a partieular size and species i~ 
kIlO\\'II, it is 110t 1H'C('8O'ar." to lllake str('ss t(,5t8 during till' l'11ll-('xcept, 
perhaps, for eomparatiwl.v thi(·k mHtnial b('ing (Iried green off the saw 
--bnt it is :J]wavs u(hisable to make SlH'h tC"t8 at th(, cOllchuioll of a 
I'lln before tIll' timbe], is l1w('Jliuecl or put illtO stock. If stresses are 
1,J'eSl'llt ill tll(, timb\'!' ill its fini~lj('d rOll<lition, they are likely to lva(} 
10 s('rious warping Wh('ll it i~ llla('llilll'(1. 

Irrl'gnlar l'\'snlts an' ,.;0111('ti1\\(',; ohtailwd when stress tcsts arc made 
on hot tillIller. This f('atun' i~ h('illg' inYcstigat('d, and ill the mean­
time it is recommelHjed that tIl(' t('st~ he lIIade on timber which has 
o('('u tIlhll'ed to cool. 

4. Checking. 

Checking is tIle (,],Heking or separatioll of the wood longitudinally 
during drying, a~ the ru,ult of sel'ere stress and" set" conditions as 
describe(j a bow. 0 II tIl!' "'hole, ('heeks are ('ollsidera blv shorter than 
shakes, ,,-hich an' not drying' defects. ' 

B('cause tangential shrinkagc' is greater than radial shrinkage, a])(1 
llecause ther(' are natural lines of ,YC'akll(,ss in the radial direction aIon(r 
t?l' med,uIlary l:ays, elwC'ks nwally run radially through a piece of 
tImber, I.e., at nght aIlf!.'les to tlIE' growth riugs. In some cascs, how­
(','er, checks Occur a long' the junc·tion of the lat(~ wood 'with the early 
,,'ood (see Trade C'irrular So. :1), running tangentially throngh the 
11]('('e. 

Ty pes of ('Ii eel .. s. 

The following typ<,s of el]('cks o('('Ul' C·01l111101l1.r:-

End Chccks.-Oceur 011 the ends of the piece, particularly in large' 
sections 1\'hich sometilll(,s must be' end-coated to reduce the rate of 
end-drying and so prennt this form of d('gra(le. 
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171fef/wl Chl'cl,'s,-IIaYe tla'ir' origin 1lI thl' intl'rior of a piecl', but 
may, if yery seycre, extl'llli to thl' surfaee. They are formed clurillg 
the latter stages of drying, but are tlw indire('t result of the drying 
conditions bl'ing too seyen' in tlle carlin 'tllg:C~ (~ef' notes a boyc OIl 

stress al)(l .• set"). 

Slirfac(' Chrcks':'.-Occur 1lI thl' surfa('e. normally during: the 
comparatin'l,v earl~' stages of dryillg. Later. thc (,clgrs of the dlPcks 
may nip togdlll'r like the ja\ys of a pail' of pil1cers. so that the ('hreks 
arc not yisible 011 the surfa('C', thongh thl'," lllay he' yi"ihle ,I'll('ll tlw 
piece is dressed. 

• Surface ehecks whi(·h a 1'1' inyi,ible on the ,urf;]('e at thc end of 
drying ,yin be yisihle after a fiwli prolollged ,;teaming', >,uch as is giYCll 

... for reconditioning: coll[lpse(l stock. FllrthPl'. it is possihle to form new 
ehecks by snch a- trpa tmcll t. o\ying to t h(, eUllljJ]'('s,ion ,;et esta hlished 
in the surfae(' lay('l'S, which eonseqnently "hrink more than llorlllally 
",hen re-dried. 

Throll!!" ('/i"cl,s.--Ext('lHl thl'Ough the pipeC' from llne snrfa('e to 
another. IYlWll sitnated at t!Ie end of a pie(·e. tiH'Y arC' called splits, 

l'rc/'cldio/l of (,I/1'c/,iluj w/(I Relie{ of :':lr(,8se8. 

Thc prp\'l'ntioll of eit('cking [llllOunt,.; to the pn'Y('ntioll of 8('\'ere 
stress conditions during dryillg. Jt sllOllld b(' remembered that 
stresses should be kept \\,ithin reasonahk limits. en'n with a tilll !)!' I' 
which ha" \'('ry littk telHielley to eiI('ek. Iwcans!' a s('Yere stress ('Oll­
clition, quite allart from checking. is in itsdf lllldesira!/le. 

The occurrCllce of an~' form of checkillg- is an in<iieatioll that til(' 
drying eOlHiitiolls han' be(,ll too Sl'Y<']'('. TIl(' trouble lllay ]w Sllrfa('(' 
checks forl1ll'd during- thp early stag!',.; of (h·ying. or intel'llal check" 
formed after the ('or£' Iw)'; dri('li b(,lo\\' £11]'(' ,~:ltllrati()ll poillt; in ('itll('I' 
ease, thp aetnal en ns!' is t 1](, nsp of too S(,YI'l'P ('ond i tiolls ill 1 he I'a dy 
stages of drying. Surfa('(' dweks forlllt'd lIft('r steallling dried tilll]/('r 
are the only checks not attributable to the eHrly dl'~'illg conditioll";. 

To say that the drying ('l)1ldition8 ha\,(' b('en too SenTI' n1Pans that 
too stcep a moisture gradiellt has beel1 esta hlishl'd. an(l as this is 
dependent on the wet hulh dqJl'ps,ion of t hl' lh'~'ing a tl1l0SP 11l're, till' 
control of dryillg conditions is largel.\' a lllatter of ('ontrol of wet bulb 
depression. TIl(' qupstioll of tcm]lf'rn tllre must a Iso he consid(']'(,rl. 
since tim bel' is wenke!', and therefor!' ,,-ill !lot resist snch strollg st!'('s,~('s 
at high temperatures. That is to sa~'. the stresses resulting frOIli the 
establishmpnt of [I giY('n llloisturp gradil'llt at the begimling of drying 
of gl'(,pn stock ma~' he quite' safe' [It a (,prtain temperature, bIlt Illay 
prove disastl'ous at a higher 01\('. The aetual tt'mpcratul'e and tll{' 
moisture gradient permissible will (lq)end Oil the species being dri(,d. 

The relief of stresses is depelld('llt on the fact that timber be('(JIlll's 
somewhat plastic whell hot and moist, the method of relief 
being to subj(,ct the limh{'r to a steaming (saturated eonditions) 01' a 
~igh humidity treatnwnt. So mallY factors, of varying relatiw 
,Importance, have to bl' cOllsidered that it is impossible to ])l'escribe 
anyone particular treatment for the relief of stresses in all species 
under all eonditions. T t shollid be the aim of the kiln-operMor to 

.. Surface d1('ckf'. include edge chrcks, which usually oeC'lH in fJuartrr-sawn stock only. 
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preH'nt the stress-condition in his timber from becoming serious, rather 
than to reml'dv the trouble after it ha~ occurred. It will occur at 
times, howevel~, allll th!' suggestions o±l'ered here are submitted as a 
guide in such casco. 

J II kiln-drying from tlte grcen tondition, the timber should b~ 
inspected frequently for :;urface (·heeks, the presence or absence of 
whit'll may usually be 1 aken as an indication of the condition of the 
stock as l'egllxds stre~sei', in the cady part of the run. If the schedule 
used 'from the outset is :iuitable, surface checks will not form, Theil' 
O('CUl'rence is an indication of too steep a moisture gradIent having 
Iwen established, and in addition to any degrade which might arise as 

11 result of the surface checks themselves deyeloping as drying proceeds, 
there is also the probability of their being followed by internal checking. 
The first objective, therefore, is to try to preyent surface ('hecking, 

If surface checks do occur, the wet bulb depression should be l'l,duccd 
as soon as they are noticed, and drying continued under the leo;s severe 
conditions. Jf the checks formed are at all severe, they lllay, as 
drying proceeds, nip together at the edges, like pill('el's, gradually 
dosing on the surface, but leHying definite openings belleath the surface. 
This nipping ",ill tnke place before the (~ore propel' rea(·hes fibre 
saturatioll point. and is most likely to occur in thick stock. 1£ drying 
is continned without ally thing being done to I'elieye the c:olldit iOll, ,nell 
checks will extelHl deep into the pice(', and Lecome a serio11s BonreC' 
of degrade. The only ,yay to 1'reyent this deepening of the elH'cb 
is to giye a short, high temperature steaminp: treatment as soon as the 
checks begin to nip, This treatment will develop compression set 
j n the immediate surface layers. IIene(', as d l''ying conti IllH'S the checks 
II ill be more pronounced than Lefore on the ,urface, bU1 the trl'atlllellt 
Iyill prevent them from extending too deeply into the timber. A high 
humidity treatment (c'(Jnditions not saturated) will not do in place of 
a steaming treatment for this purpose, hut will make the original 
('onditioll worse, as the surface ,yill be caused to s\\'rll without at the 
same time beeominp: sufficiently softened to yidel to the compression 
~tresses set up, and ,yill therefore tend to force the chc~cks illWar(ls, 

It should be noted that the above tn'atnwut will relieve thc tension 
set in the immediate surfa(,e layers only. The srt in the easp as a 
whole (i.e., a zone abont 1 inc·h "thiek Ol~ the outside of :1 l-i]lch board, 
for exalllple) can ue rdi(,yp(l onl." after the core m()i~tlll'(' content has 
passed below fibre saturation point. 

It has been pointe(l out that the seconcl critll'al stage in drying a 
pi('ee of timber is reaeiwrl Id]('n the ('ore dries b(~lo\\' tl1e fibre I'atur<l­
tion point, and consequelltly begins to shrink It is at this stage that 
internal checking is likely to begin. Ep to this, it is necessary to keep 
the sllrface as moist as is compatible ~\\'ith the need for establishing 
a sufficiently steep moistnre gradient to give a reasonahle drying rate. 
Once the core starts to shrink, however, the surest way to prevent 
internal checking is to hep the moisture gradient as steep as pos,ihle 
by lowering the surface moisture content. On the other han(l. as 
pointed out aboye, this i~ the first stage at whieh thE' tension set of the 
case as a whole can. be rdieved; and such relief dE'pends on some. 
increase in the moisture content of the ease. If a steaming' treatment 
(saturated conditions) or a very high humidity treatment be given, a 
comparatively larg8 increase in moisture content of the case will 
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occur' severe internal chccking may result, particularly in thick stock, 
due t~ the fact that thc tendency of the case to swell will increase the 
tension stresses in the core. Thc only safe treatment is a high tem­
perature one at a humidity just high enough to raise the moisture 
content of the surface of thc tim her two or three per cent. Even 'with 
this treatment, it is best to wait until the core moisture content has 
reached about 20 per cent., by which timc the wood 'rill have gained 
somewhat in strength and win be hetter able to resist the stre~ses set 
up. In a final stress relief treatmcnt, the core moisture content will 
have reached about 10 to 12 per cent., so that there will be little danger 
of causi.ng internal checking in this way. 

Thele points are of great importance, as they affect the illitial 
conditions which can be used safely for partially air-(lried stock. 
Such stock will often have a core moisture content just ahout fibre 
saturation point, and, if it has, should on no account be given an 
initial steaming treatment. For the heating up of the charge, the 
temperature and wet bulb depression of the initial conditions of the 
schedule for partially air-dried stock should be aime(l at. Contact 
with the cold timber will, by cooling the air, automatically reduce its 
wet bulb depression, and this will take the place of a preliminary 
high humidity treatment. 

It should be noted that while a low humi(lity will not cause internal 
checking in partially air-dried stock, high temperatures may do so. as 
the higher the temperature the less is the resistance of the timber to 
stresses already existing. 

The danger of steaming stock with a core moisture content below 
fibre saturation point has been considered so far only from the point 
of view of internal checking. Steaming of such stock, however, is 
likely to lead to serious surface checking in some species, as the 
surface layers dC"clop a seyere compression sct during the steaming, 
and consequently tend to shrillk excessively when rc-drietl. Not Oldy 
is there the likelihood of checks developing", on this account, but in 
addition, if the treatment is being giyon for the final relief of stresses, 
the desired result will not be attained, but the case compression stresses 
will be changed to equally undesira blp case tension stresses. Speaking 
generally, thorefore, the final treatment for the relief of case com­
pression should be a high temperature treatment at a humidity corre­
sponding to a moisture content not more than 2 or 3 per ccnt. higher 
than that of the surface of the timber. With species not liable to 
surface check, a steaming treatment can be given ,,-ith consequent time 
saving. In the notes on "Collapse," it is shown also that, in certain 
instances, departure from this general rule is desirable. Some guide 
to suitable humidities for these final treatments will be obtained from 
the kiln control table towards the end of this Pamphlet. 

5. Warping. 

Types of lVar})ilL.I7. 

A warp is any variation from a true or plane surface, the following 
types of warping occurring commonly in timber:-

Bow.-A curvature from the plane of the \yide face (i.e., fiatwise) 
III the direction of the length only. 

Cup.-A simple curvature in the plane of the transY('rse section. 
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Spring.-A simple curvature of the edge of a piece of timber, not 
affecting the face. 

Twist (or Wind) .-A spiral distortion along the length of a piece 
Df timber. 

Spring occurs as soon as a green log is sawn, and also as the result 
of drying. Other forms of warping, however, occur only after drying 
has commenced. They may occur in straight grained timber, as a 
result of uneven drying of different parts of the individual pieces or 
as a result of bad placement of spacing strips in drying stacks. On 
the other hand, they may be caused primarily by the direction of 
grain of the timber, in which case they are due to the difference in 
relative shrinkage in the longitudinal, radial, and tangential directions. 
For example, if allowed to shrink freely, a board with spiral grain 
will develop a twist during drying, and a wide back-sawn board, dried 
evenly from both wide surfaces, will tend to cup, the side of the board 
on the outside of the growth rings shrinking more than the other. 

When a perfectly fiat, dry board is deep sawn, the two halves will 
sometimes cup badly. This is due to the board not being f}:ee from 
stresses set up during drying, and is an indication of the practical 
value of the stress tests already describeu and recommended for use 
at the conclusion of drying. If the halves cup with the freshly sawn 
faces concave, the surface compression stresses were not removed from 
the original board. If the freshly sawn faces become convex, surface 
tension stresses were present in the original board, due to over-steaming. 
The same effects may be obtained ,,·hen a board is dressed more on one 
side than the other. 

Pret'cntion and Removal of Warping. 

Warping, apart from spring, will not oeeur in straight grained 
timber provided the urying is even and the spacing strips are placeu 
in vertical alignment and at sufficiently frequent intervals along the 
length of the stack (see Trade Circular No.1). A further exception 
to this is cupping, which may occnr in wide back-sa""n boards near 
the top of a stack, though it will usually be prenmted in other parts 
of the stack by the weight of timber. 

Warping of timber 1rith sloping grain can general1y be reduced 
appreciably by placing spaeing strips closer togdher-say at 12 inch 
or 15 inch interyals. 

In most cases,. it is possible to remove warping permanently by 
steaming the timber at a temperature of about 212 0 F. for sufficient 
time to cause it to straighten under the load imposed by the rest of 
the stack. In some cases of bad warping, it may be necessary to 
re-stack the timber, ·with extra spacing strips, to attain the desired 
result. Even then it is not aI·ways possible to overcome the trouble 
completely (see notes on N.S.W. brush box). In general, the best 
time to carry out this treatment is ·when the timber has reached the 
final moisture content required. If carried out earlier, warping may 
occur again as the timber dries, the amount of drying being greater 
than when only moisture picked up during the treatment has to be 
remoyed. The steaming should not be longer than is absolutely 
lleeessary, owing to the danger of setting up surface tension stresses, 
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and the timber should be allowed to re-dry in the stack before it is 
machined or put into stock. 

The best results in the removal of spring seem to be obtained when 
. the timber is stacked on edge during the steaming treatment. 

Where warping is prevalent in the class of timber being cut, it can 
often be reduced by the use of the combined ail' and kiln seasoning 
system rather than by kiln-drying green from the saw. 

6. Collapse. 
CoHapse is a flattening of the cells during drying, and is sometimes 

manifejted in excessive and uneven shrinkage. It occurs during the 
early stages of drying, and in this regard differs from normal shrinkage. 
It is not common to all timbers, but in some timbers was a serious 
source of waste until a method of overcoming it was discovered. In 
matched material, collapse is most severe when timber is kiln-dried 
from the green condition under a high temperature schedule, and 
least severe when timber is air-dried. It does, however, assume serious 
proportions in air-drying. It is commonly associated with severe 
internal checking. 

PrevenfiO/l and Removal of Collapse. 
There is no method of preyenting collapse from occurring, though 

it can be reduced by drying at low temperatures. Timbers which 
are prone to collapse should be partially air-dried before kiln-drying, 
or kiln-dried under low temperature conditions during the early stages 
of drying. This. however, is not necessary when drying thin material, 
such as case stock. 

Fortunately, collapse can usually be removed by a simple steaming 
treatment, given at or near the end of drying. This" reconditioning" 
treatment* consists of steaming the timber at a temperature of about 
212 0 F. until the collapse disappears. It is usual and desirable to 
steam in a special chamber rather than in a kiln, partly to reduce 
deterioration of the kiln and equipment and partly to prevent waste 

. of effective kiln time. The usual timo required for I-inch EucaZyptus 
1'cgnans is about eight hours. The time, however, is dependent on the 
species, and on the severity of collapse. The timber should be re-dried 
after the treatment, particularly as the treatment itself sets up severe 
surface tension stresses, which are caused to move in somewhat from 
the surface during re-c1rying, and become of less practical signi:ficance. 
There is always a risk of cupping if reconditioned timber is deep­
sawn, but if the treatment is earried out properly, along the lines 
suggested above, cupping will not usually result from uneven dressing 
of opposite faces. It is not satisfactory to dry timber well below the 
final required moisturo content, so that after the reconditioning 
treatment it will be at the correct moisture content. Re-drying is an 
essential part of tIl(' treatn1Pnt ·where relative freedom from stress is 
desired. 

The removal of collapse hy the reconditioning treatment is per­
manent. To re-induce the collapse it is necessary to raise the timber 
again above :fibre saturation point. Minor modiiications of the present 
practice may be suggested in the near future, as a result of investi­
gations nOlI" being made . 

• Discoverell by Grant Bros. of Warhurton, Vic. 
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7. Kiln Schedules. 

In working to the kiln schedules given in this Pamphlet, the 
procedure is to hold the initial conditions until the first change point 
is reached-in most cases, when the moisture content of the timber is 
down to 40 per cent.-when the conditions should be changed as 
indicated, and held at the new values until the next change point is 
reached, and so on. 

In kiln-drying timber from the green condition, intermediate 
steaming or high humidity treatments might be necessary in some 
cases, but, as far as possible, the schedules have been fixed to make such 
treatments unnecessary. If they have to be used, the guiding notes 
above should be followed. 

In kiln-drying stock from the green condition, an initial steaming 
treatment can be gi,oen, if desired, to heat the timber quickly. 

1V ct Bulb Depression. 

Attention is drawn to the use of wet bulb depression figures in 
these schedules, in place of actual wet bulb readings. The wet bulb 
depression is simply the number of degrees by which the wet bulb 
temperature is lower than the dry bulb temperature. The corre­
sponding relative humidity has been given in each case, since thc 
present custom is to regulate schedules largely on the basis of relative 
humidity and dry bulb temperature; but the wet bulb depressions have 
been included for a definite purpose. 

The wet bulb depression gives a much more direct indication of 
the severity of drying conditions than does the corresponding relative 
humidity. Within limits, any particular wet bulb depression corre­
sponds approximately to a certain equilibrium moisture content of 
timber, irrespective of the dry bulb temperature. For example, a 
wet bulb depression of 10° F. corresponds approximately to an equili­
brium moisture content of 12 per cent. whether the dry bulb 
temperature be 110° F. or 180° F. The corresponding relative humidity 
at each of these temperatures is 70 per cent. at 110° F. and 79 per cent. 
at 180° F. Therefore, it is much more difficult to get a mental picture 
of the severity of conditions at a certain point in a schedule if the 
schedule is expressed in terms of relative humidity than if it is 
expressed in terms of wet bulb depression. 

Recognition of this fact is due to members of the staff of the 
Forest Products Laboratory of Madison, U.S.A., from whose publi­
cations the following table is taken. The principle of thinking of 
schedules in terms of wet bulb depression is commended as being of 
considerable practical value. At the same time, the question of 
temperature cannot be entirely oyerlooked, and the temperatures 
recommended in these schedules should be adhered to approximately, 
although a slight variation will be of no consequence provided the 
wet bulb depression remains unaltered. 
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KILN OONTROL TABLE. 

Wet Bulb 
Depression. 

of. 

1.5 
2 

3 
4 
5 
7 
!) 

11 
13 
15 
18 
21 
25 
30 
40 
50 

1\ •• 

Corresponding Equilibrium 
:\foisture Content. 

Per cent. 

24 
22 
19 
17 
15 
13 
12 
11 
10 

!) 

8 
7 
6 
5 
4 
3 

Applicable to all conditions above 90 8 F. at saturation and 135 0 F. 
at 30 per cent. relative humidity. 

(After Forest Products Laboratory, Madison, Wisconsin, U.S.A.). 

8. Trade Circulars Dealing with Timber Seasoning. 

No. L-Air Seasoning of Boards. 
No. 2.-The Testing of Timber for :Moisture Oontent. 
No. 3.-The Growth and Structure of Wood (2nd Edition). 
No. 7.-Sample Boards. 
No. g.-Electrical Moisture Meters. 
No. 12.-00mbined Air and Kiln Seasoning. 
No. l6.-Terms used in Seasoning. Part 1. (In the press.) 
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Block kindl.' lent by the Fore8ts Commission of Victoria. 

Fro. 1. Surface view of collapsed board ,howing "\I a,h.boarcling 
or corrugation. 
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Block kiJldly lent l)'y the Forf'sts Oommission of Yidol'ia. 

FIG. 2. Ene! ,'iew of collapsed boards showing two major typeH 
irregularity caused hI' collapse. 

FIG, 3, Collapse'i samples pail'ed with matched pieces whicl. ha\'e heer 
re,conclitiolled. 
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FIG. 4. 'Vet spots in myrtle squares. 

1 

.2 

4 
FIG. 5. Intel'llal checking in myrtle. 



TESTS FOR DETECTION OF STRESSES. 

Prong wI",!) .'"iawn. 

f. Tum01J1. 
."urfal"f' Jll J!'J)f<Jnn 

<UI~ c~n! I/:: Itt Ldt11-

PIC<;ShH) 

r n 

2 T uen (n 

~uTfilce In com­
pwss/On and ("rolre 
In ft-nswn 

1 S:r;>,lxhl 
! Itnbn (we (rom 

Prong after Roorn DrYIng. 

n 

.....____, 

I "I. T uen In I B. Do nor Change 
(Il<;{\(atloll of tlnequ;;! Il).OlS, 

lure- (!lstnblltlOn. <;urL1C"e- ,iron 
than centre 

{nd)cahDn of prucllcany equal 
mOIsture dlstnbutton. surface In 
tension, centre- In compressIon. 

O,~mHLn(e-' [,\rk stagt>":'! 
d drnng. 

OccunenrC' : After over-
steaming at )ow moisture (00-

tent [{emarks :-.J o nof"{"'d to 
steam. Ra,se- humldlty If Rem;:nks: Stearmng treat­

ment hag been faa severe. checking' present. 

r II 

._________. 
2A. P,nch TIghter 

Indication of unequat 
moisture distribution. sur­
lace drlt"r than 'cntte. 

Occune-nce ;\lter 
centre dnes below h bre 
saturation pomt 

Remarks Advan-
tageous pomt to relieve 
stresses h" steammg 
trf'atment, 

')A. Remain Slra.!gh! 
Indlcatton of equal 

fT]()lsftlJ"('" dIstributIOn 

and freedom from 
stl es,,-lo'S 

Remarks. Correct 
fln,11 condition. 

28. Bec0rne Stra.rght 0T Turn Out 
IndicatlOn of urn"qua! mOls\\ne d~5trl­

bullOn, cf'nfrc drwr than surface. 

Oc.c.urrcoc(' AI (er steaming bllt bdore 
wdrying. 

Remarks: Prongs cut after redqnn~ 
should remam practlca!1y straIght. 

r 

38. Turn In 
'ndlCattc)O of un­

equ,1{ mO\~t\.lH· thstli­
bullOn. surf dee dner 
than ct'fltre. 

Remarks: A shOll 
st{'"amlng treatment 
10 balance mOisture 
conte.nt should re­
lieve af! slresst:'"s. 

3C. Turn OUl 

!ndicatlon 01 un­
eqUid mOisture dlstn­
butlOO, centre dner 
than sud ace. 

Occurrence: Dur­
Ing some period 01 
redrywg atter steam­
Ing 

I II . .!. (;"',11. I 
l Uo"(t. l'rinler. JlllbOlunt. { 
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