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PUFACI 

• ftis aall Gui4e to tiUer 4ryiag is bue4 on ezperieace gaiae4 in 
ruaiDg a tiUer-4Qiag Couse in Doaiaica UD4er the auspices of the Uaite4 
llations Ia4ustrial Developaeat Orgaaisatioa aa4 on previous woo4 4rfing 
experience. 

Its aia is to uplaia iD siaple tens or woo4 aee4s to be 4rie4, bow- it 
cu be 4rietl aa4 np of aatiag sure tbat it is properlr 4rie4. 

Lack of a4eq11ate woo4 4rJiDg or .. 4 woo4 .4rJiag practice have resalte4 in 
.u. ... e of woo4 aa4 iD tbe pro4action of iDf erior woo4 pro4acts all over tbe 
wor14; tbe inabilitr of aaar tropical coaatries to pro4ace fiDishe4 woo4 
pro4acts wlaicb caa be sol4 for ezport to aopbisticate4 aarkets caa verr of ten 
.. attri1Mate4 to lack of tJOOC1 timber 4rriag. !Ids caa 4ear tbea soae Y\lrf 
lucrative outlets for tbeir tiUer aa4 tbe cbaace to earn large qaaatities of 
foreign exclaaage with relativelr saall qaaatit1es of wooct • . 

Tile hope is tbat tbis Gui4e will prove uefal to those eagage4 in ctrying 
wood aa4 those wlao ue it aa4 waat to know wlaetber tiler are gettiat a too4 
pro4aet. 
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Iatro4uction 

The fact that wood shrinb when it clries u4 swells when it gets wet is 
well known but this propertr alone creates as aanr pro))leas in the use of woocl 
as anr other factor. 

Joiats that coae loose, cracks or· warpiDf iD tole tops, doors an4 
clrawers that don't fit, .bowls that becoae oval an4 carYings that distort or 
split show soae of the naaeroua faults that can result froa poor or iaa4equate 
clrJing of the wood froa which the articles are aade. · 

Although woo4 i• a variecl and coaplex aaterial the phJSical·laws which 
fOYerD the properties of woocl and water and their interaction with each other, 
are ... icallJ quite siaple and easr to ua4erstand. ID 1Ulderstaa4iag of thea 
is, however, essential for &nJODe iDvolvecl in clrJint timber or in usiag it to 
.Ue ·a pro4uct accuratelJ which has to reaaiD stole after aanufacture • 

. hnaiture and joiDerr, iD particular, coae into this categorr of prod\.:t. 

The aia of this guide is to show how wo04 and water behave and interact 
with each ·other anti bow the clrfiag process can be aoaitorecl anti controlled to 
give a pro4uct that is stole ia use. It is hoped that an aaderstan4ing of 
wood and bow water affect• it will lead to the pro4uction of quality wood 
pro4ucts. 

The Properties of Water 

Water is a COlllllOn but verr reaarkable a,terial which is responsible for 
.the WJ:14•s cliaate being as equole .. it is. It has the oilitr to hold 
anti store large quantities.of beat. 

Water is foun! either.as a liquid or a vapour (gas). In order to turn 
the water froa a ligui4 into a gas a large aaount of heat is requirecl to 
increase the rate of aoveaent of the aolecules of liqui4 to the point where 
they· are aoving fast enough to escape froa the liqui4 surface and becoae a 
vapour. ll>out 5 tiaes as aucb heat is require4 to evaporate ona graa of 
water as is requirecl to beat a graa ~f water f roa freezing point to boiling 
point. This is why a kettle of water on a stove will boil for a long tiae 
before it boils 4ry; . it also explains why as people sweat the skin is cooled 
bJ taking beat froa it to evaporate tbe sweat. The beat requirecl is known as 
tbe "LlTllT BllT or IVlPOllTIOI" or "late~t beat of vapourisation." Vbvn 
water condenses froa a vapour to a liquicl tbe saae aaount of beat is release4. 

I • 

1• water is heatecl between freezing ancl boiling point an increasing 
aaount of' water i• evaporated an4 the vapour produced exerts a pressure, tbe 
"VAPOUR PllSSUll". The vapour pre11ure very nearly cloU)le1 for every 
10• Centigrade (Cel•iu1) increase in teaperature until at boiling point it i• 
equal to ' tbs atao1pberic pre1sure. The "SlTUllTID VlPOUI" pre1aure is tbe 
presiure exerted by the air ••turated with water vapour at that teaperature; 
air is saturatecl at a particular teaperttUH when it can \olcl DO aore water 
vapour. ' 

For every ten degrees inCr&He iD t .. r.rature, therefore, tbe capacity Of 
tbe air to bold water vapour i• alaost doublecl. 

I 
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Tbe "ULlTIYI lllJllIDITr (U) of air is the sue as the •percentage 
saturation• of the air at that t .. perature or the water Yapoar coatained in 
tlae air ezpressed as a percentage of the aaziaaa aaouat of water Yapour wlaich 
the air coul4 laol4 at that t•perature. I.I. is a coacept wlaich is ri4elr 
.. ed in woocl tr7ing. It is called lelati•e Buai4itr ltecause it onlr 
ezpruses the water u a perceatage of saturatioa at that teaperature: it is 
a aeuure of tbe •tlr7iacJ power• of the air. 

If a nluae of air at 100' I.I. (Saturation poiat) is raised ia 
teaperature bf 1o•c tile 1.1. rill alaost be hal•ed to 50' if no water is a44e4 
to the air or re.o•ed froa it. If a •oluae of air at '°' 1.1. is cooled br 
lOoC the 1.1. caaaot increase to oyer 100' aa4 soae ••pour will con4ense as 
li4(9i4 water. 

Tbe propertr of water to re.o•e heat froa its surroua4iags who it 
eyaporatu is ued ill tlae "UT ~ DlY IULI TlllllOll&Tll•. It bu two 
tllenaaeter bulls. oae of wlaicll is 4rr aacl tlae secoa4 of wlaicll is tept 110ist 
bf a rict surroucliag the IMID aa4 tipping into water. Tlae rict 4ran the 
water up arou4 the bull>. _!Ile air pusiag o-rn the rict eYaporates water 
nich cools the IND aa4 rduces its teaperature aa4 the teaperature reductioa 
is 4eterained bf the I.I. of tbe air. If I.I. is high. e•aporation is •all 
aact wet bulb teaperature •depression• is .. all. If I.I. is low the 
eyaporation rill be rapi4 an4-the 4epressioa greater. It is then possible to 
rea4 off I.I. fre»A tables gi•ino the 4rr bulb t•perature aa4 the 4epression 
of tlae wet bulb (the nuaber of 4egrees that the wet bulb is lower in 
t•perature than the 4rf). Table I is such a table. 
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troperties of •oo4 

Voo4 is aade •P of larte a..i.ers of •cells•, ODlJ the largest of which 
an riailtle to the aated ep. ripre 1 •hon a three diMDsioaal riew of a 
Urdwood (1IOl:Mi of a koadleaftcl tree) ud allon Teasels, the aaia water 
COIMl•ctiag cells • fikes, the aaiD atnctval cells ud ra79 ruaiJaf racliallJ 
ritll short racliallJ aliped cells iD IMuldles. ftere are other tnes of cell 
Mt these are the aajor ones. 

Tile cells haye ceatral cRrities called •1uaeu•. filled either rith water 
or air, u4 are separated froa each other bJ "nlls• aacle •P aailllJ of 
'"cellalose• ud . •11gata•. ftere are passages· or gaps iD the cell walls froa 
cell to cell calle4 •pita .. _ ftieh YKJ greatlJ iD size. •pe aad a..i.er. The 
cell-1ose is aa4e Q of 1-. •leculea alipecl aaial.J aloat the leagth of the 
cells wlaile lipia is 1110t alipecl iD DJ partic:alar direction. 

nGUU 1. Three"tiaeuional riew of Bardwoocl aapifiecl 
to abow Cell Stnctve. 
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Properties of Vater·ia Voocl 

Water exists ia wood either as.liq11id or as yapour ia the cell luaeas or 
as •1Mnuad water• ia the cell walls. In the latter it is loosely attachecl to 
the cellulose .olecules IMat cu ••e froa oae .olecul• to another through the 
wall. 

. 
Tile tera •ruu SATUUTI09 POIIT• is applied to wood nen the walls of 

the alls are saturated IMat there is no liq11id water left in tlae cell luaeu. 
lelow this poiat water is re.oye4 froa the IMMua4 water ia the cell walls u4 
this causes the wood to start shriDti.Df. 

•PllCllTAGI KOISTUU . COftUP is a tera :a•oalY ue4 in wood dl'Jint u4 
is: 

weight of the water 
----- ·--~~~ z 100 

It cu H deterainecl accurately by weipiag a piece of wood, oyen trPnt it at 
jut oYer 1oo•c. until there is no .ore water left ia it and weighiag it 
agaia, then: 

weight of wet woocl - weight of dry woocl 
-----------------------~-------------- z 100 = ' ac 

weitht of dry woocl 

It is a percentafe of weitht not Yoluae ud, therefore, ia deue, heayY 
woods • ,reen aoisture c:ontent is less tbu in soft, litht woocls where there is 
a treater proportion of cell luaen to cell wall. 

Below fibre saturation point the aoistve coatent percentage is a goocl 
aeasure of the degree of saturation of the cell walls or the weitht of water 
per traa of cell·••ll aaterial, but there i~ aore water in a tiYeD Yoluae of 
dense woocl at a certain percentate aoisture content than there is in a low 
clensitJ •oocl at the saae percentage ac. 

Fibre saturation point for ao1t tiabers is at about 28 - 30,·' a.c. and 
below this the wood shrinks as a.c. decreases clown to °' a.c. ucl sbriuage is 
approxiaatelJ proportional to th~ drop in a.c. 
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rig. 2 Mlow sllowa Ui• ill grapbical fora: 

I FIGURE z. 

1---------..•--•;,;,::•MlWTIDll "*" 

10 • 
Slariahfe, laon•er, i• aot tlae ... ia tifferat tirectiou ia woo4 

ltecilue of tlae ••7 1f004 is aa4e •P· 
rigare 3. Mlow sllowa ~· tllree 4irectiou or •plues• of shriabge 

ia a tree. · 

.fl.pre 3. The 'lbree Directiou of SlariDbt• :iD Voo4. 

Tiiier• i• •err little 1lariakat• alont tb• lengtb of the eell• of tb• woo4 &D4, 
tllenfore, "lollfita4iaa1• or "uial" 1lariDbt• i• ••l'J low. 

lldial ii lai~ (,aormallJ alKMat twenty ti .. 1 •• tr•At) ·an4 Tanfential is 
,_ .. cer 1till, IOl:INlllr .,.. ID4 a balf to two ti .. • ra4ial. Tb• 4ifferenee 
i.t:.... satial ... t..,eatial 1bri•'89• i1 of tea a e1u11 of probl... iD tb• 
bfilf ..... of wocl. . 
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Fit. C-. illutrates ill aa ennerate4 ••~ llow 1IOOCl nt in clifferent ••rs 
froa a log lllarinb .becaue of 4ifferences .. tween tutential an4 raclial _ 
alarwage. 

Boce: -

QUARTERSAWll 

kttOt\ul 

Because tangencial shrinkage is greater tban radial shrinkage, the effect 
on tillber shape after drying is important and is shown above in an 
exaggerated fora. 

Tbe lllOUDt of •briakaf• OD clrfiDt Yaries bet•••• 4if ferent •peei•• of 
tr .. beeaue of tbe ••r ia.wbieb tbe woo4 is forae4 aa4 tbe 4iffereat ..ouat• 
of 1iffereat type1 of cell. IJ'be lower tb• •briDkat• i• tbe aor• •table i• 
tbe woo4 to ebuf•• in moistu:e eontnt aa4 tbe better it ii for aakiag 
article• wbere 1tabilitf is iaportant, sueb as furniture an4 joiaer1. 
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Tole 2. below shows for tJpical hip, ae4iua and low shrintage woods 
their percentage shrintage froa Green (fibre saturation point) to 12' a.c. 
Tbe shrintage is also gi.en in terms of the shrintage in width of a 12 inch 
(30 ea) wide board. 

TDLI 2. Shrintaae between Green and 12' a.c. for Biah. Be4iua 
and Low shrintaae loo4. 

becies of Tree Tuaential Shri.ntage laclial Shrintage 
1 in 12• C!IO cia) board 1 in 12" (lo e11) 

leech (lip) 9.5 1 111• or 28.6 ... C.5 9/16• or lC.3 ... 

bm. SJlYatic• 

African llabotanr C.5 t/16'or lC.3 ... 2.5 5/16:or 7.9 ... 
(Be4iua) 

(llaa1a anthotheca) 

Iroto (Low) 2.0 1/t• or 6.C a.a. 1.5 3/16•or 
f..8 -· 

(Chloro2hora excelsa) 

IQUILIBIIUll KOISTUIB COITllT (llC) is the aoisture content reached when 
tillber is left for a long tiae in certain conditions of teaperature and 
huaidity, (the aoisture content at which it stabilises or reaches 
•equilibriua")~ eac varies slightly for different species of woo4 but is 
fa~~lr constant and table 1 and Fig. 5 give approxiaate eacs for different 
conditions of teaperature and huaidity. It is, therefore, possible by 
aonitoring teaperature and huaiditJ over a period in a particular location to 
fet an idea of the eac that wood in those conditions will reach. The aia of 
tiaber drying should be to dry tiaber to the eac which prevails in the 
location where it is going to be used. If this is achieved no shrinkage or 
swelling will occur, but in practice cliaatic variations throughout the year 
and other factors, aake it inevitable that soae changes in teaperature and 
huaidity will affect the aoisture content of the wood but tber should be saall 
and the wood is slow to lose or pick up aoi1ture so,dailJ variations will be 
negligible. 

Tbe difference in eac of air dried tiaber and tiaber inside a building 
with windows and doors is considerable partlJ because air dried wood picks up 
water at night when huaidities are high whereas wood inside the building does 
not do so. In aost huai4 tropical countries where tiaber trees grow eac for 
air dried wood is 17-18' a.c. aacl in auch of the aore huaid teaperate areas it 
i1 about the 1aae. In tropical countrie1 eac within a closed building aar be 
10-lC' and ii u1uallJ about 12' while in teaperate C011Dtrie1 it is around 
8-12,. rigure 6 1bow1 recoaaen4e4 aoi1ture content• for tiaber to be used in 
.different condition•. 



Fla•re s. Chart show• na the 
relationship between 
the moisture content of 
wood and th: tempera· 
ture and reladve 
humidity of the 
surroundin1 air 
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It ia clear, tllenfon, tUt air trri9f of timer will llOt dry it 
nfficiatlJ for it to .. .... tasite a hilfilll witlMMlt hrt._ tqi ... 
Tale l Ml• 8laon tile qprodmte *iable "'1~ ..it occ:v Htweea 17' 
a.c. (tlae ac upecte4 for air trie4 t:mt.r) al m a.c. (th ac •11111ete4 
iuite. hiltimg). 

TUle J. Ariu1n •twea 17' a.c .... 12' a.c. for Ii •. Wi• ... 
..... ilbft .... . 

Ttr-tial Ariw•r 
1 Ia 12 iadl (JOc:a) ...... 

2.97 5.6· 
1' or 1.9 • 

1.tl 

Into 0.63 1.25• 
16 or 2.0 • 

latial Drinh" 
1 Ia u• UO ca) 

l.G 2.a• 
1' er•·•• 

0.71 1.H• 
16 or 2.5 • 

O.t7 ~ 
16 or 1.6 • 

lt caa lie •ee1a froa t•i• t_.le t•at tile •larilllave i• coasiter .. le ... it 
i•, tlaerefore, essential for lith qualitJ faraiture or joinery to ue soae 
fora of kiln 4rying to clry to a lower a.c. t•u is po•sible bJ air dryiq. 
The onlf alternatiYe i• to put tbe tiaber to cODclition for a long periocl of 
tiae within that •uilcling or one at a •iailar teaperature and huaiditJ. 

The lloYeaeDt of later iD lood 

file aethocls bJ which water aoYes t•rough wood are.coaplea ;,.cause of the 
coaplexitJ of the •tructure of the wood it•elf. It can aoye u liqu:.4 water, 
u Y&pour or u ~UD4 water tlarough the cell walls. It UJ on~ tiae s 
COlll>iaation of all tlaree tJPe• of aoYeaent is operating. Tile phrsical laws 
gOYerning each tJPe of aoYeaent are coaplex and there i8 still 80lle discussion 
OD exactlJ bow thef operate. •o atteapt is aacle here to 4eal with tbea in 
detail. 

In general, aoYeaent is fastest along cells, slower through pits froa 
cell to cell u4 slower still through cell walls. • DrJint is, therefore, 
fastest along the train an4 slower across it; it is slower froa radial 
•urfaces than froa tangential ones. 

If guas or other ._.stances block cells.drying r•t• i• slowed and high 
4en•itJ woods 4ry slower than low 4ensitJ ones. IYen within a 1pecie1 there 
are Yariation• in 4en•itJ .. tweeD different tree• u4 witbin each tree which 
affect drying rate. 

lxcept in tbe early •tage1 of drying green ti!IJ)er, the rate of aoveaent 
of water tbrougb the wood i• the aain factor liaiting tbe rate of drying 
.. cau•• eYaporation and reaoYal of water Yapour froa the wood •urf ace i• 
f .. ter than aoYeaent through tbe wood. 
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fte rate at Di.ell a piece of tillMr tries ia. tMnfore. relate4 alllost 
lireetl~· to ilow far tile n.ter lu to tranl to eet to tile 1IOo4 avfac:e D4. 
tllerefon. to ita Wca1n. Two iaa (50 •·•· tiUer tabs twice D4 l iacb 
(15 -> tjmhr tabs tkee t1- a 1- to ~ u 1 iaa (25 -> tiMer. 
lfid• tlaicbeaw ill a lila u. tlerefore. aot a goo4 tliDf to do: if it tau 
to .. .._ ~ tile claaqe _.t .. triel at tile rate of tn alowat tiMer ill 
it. 

fte two aaia factors dhctbt rate of _.. 111t ~ tile WCMI. otlaer 
tMa tile .. twre of tile 1IOOI it.ell. an tile t-..rat .. of t1ae wool aa4 tile ftl•• ,nawe tratieat lletwea ta ceatre of tile wo4 ... ita nrfac:e. If 
tile nrface 41ria tee qwicllr ..... tlle eeatn h still wt. atreuea are aet 
wp wlaia .... • ... .......- ... et11er Meets: t11ere ia alao a t ... eaq 
for tile caae-Mrt1MI latK of ... te •1• .... nter w11a11t tkoulb tlae 
..m 1qer of woi. Tell;erat•• ~ tlMt rate of tifhai• of water 
........ tM ilDl••••t of .... water .... tlaenf... ldflaer t .... ratarea 
l.at to futer ~-

Pe l!lnr-t of •ter ia Wool. 

fte _.t accv~te mtllei of ...... U. ••er•• m>iatve c:eat•t of a 
~ece ef wool ia atill tlae •i .. i,. _. ..,.. tQ:lllf •tW wllere tH not ia 
•i.W. ne trie4 ntil ell water ia r....a aa4 wiglaft ap:ia. It ia • 
....._, a i_, tneeS• a4 ntUru tile 4eatnctiea of tH piece of •oocl 
_.a. It .ir •uarea tJae a.c. of _. piece of .oot u4 at leut fiye 
.... 1.. are r..-trtd per atacl of ti.Der ill order to t•t a rea11011ulr accurate 
eatillate of aoistare coateat for tile whole atacl. Because woocl 4rie• faster 
alODI tile grain, suplea for 10iatare coatent detenillatioa aboulcl not be 
taken closer tbu 9 illclae• (22S ->. fr• tbe eacl of a piece of woocl, u4, 
therefore. eacla tiae a aaaple is taken it wutea nout 10-11 iaehe• of tbe 
timl»er. lach auple alaoal4 coaaiat of a coaplete cro•• aection of tbe piece 
of timl»er nout I iacla (12 -> ri4e &Yoi4iDf bot• u4 o)vioua 4efects) •• 
sJaon iD fipre 7. 
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Boisture aeters offer an altenaatiwe to the owen-clrying aethocl of 
aoisture coatent 4eterainatioa: they use 4if f erent aethocls of deteraiaing 
aoistare content. fte cc:i•onest are those which aeuvre the electrical 
resistance of the woocl i.etween two prO-..s 4riwen i~to the woocl. Tt.ey are 
oaly accurate i.etween alMMat l°' a.c. and O' a.c.: the lower the aoisture 
content the higher is the resistance to the flow of electricity in the wroocl. 

Is the natural con4uctiYity of woocl Yaries froa species to species each 
species req11ires to i.e cali•rated and different scales are used for different 
species. Beters are usually supplied with short electr~es which can aeasure 
surf ace aoistare coatent an4 •1 .... r electro4es• which hamaer longer proi.es 
into the centre of the piece of woo4 to aeuure internal aoisture content. In 
this ny they can aeuare gra4ients of aoistare f roa th.. centre to the surf ace 
of the tiaber. They are ao4erately cheap to buy. they operate froa saall 
euily oJ»taiDule Htteries and they are euy to carry to tbe tiaber and to 
use. Teaperatare bu soae effect on their operation and a saall correction 
aay i.e necessary for teaperatare. aea4ings of aoisture content are higher at 
higher teaperatures: instructions which coae with the ia•truaents specify 
what corrections are necessary. 

l food electric aoistare water should i.e eq11ipped with the following: 

- short proi.es for aeuaring surf ace aoisture content 
- l h ... er electro4e for aeuariag aoisture content at least 35 .. into 

the tiUer 
- easily o•tainule and replaced Htteries 
- a •uilt in battery strength check 
- a tole of species and scales on the aeter which should be used for 

each species 
- a good carrying cue. 

l aetho4 of calibrating an electric aoisture aeter is suggested in 
IDDez 1, lppendiz 3, if facilities are not available to use a constant 
teaperature/buaidity chaaber, or an oven and saturated salts, which aaintain 
constant. huaidity and give accurately aaintained equilibriua aoisture 
contents. This latter aetbo4 is. the best if it is available. 

Other types of aeter use electrical capacitance or ultrasonic aetbods of 
aeuuring aoisture content and require no probes. 

lir Dniu of Tiaber. 

lir drying of tinber bas been used as long as sawnwood itself bas been 
used. It is a relatively slow but effective aetbo4 of drying tiaber to the 
eac which tiaber reaches in the air at the prevailing teaperature ana 
baidity. 

The following are_soae siaple rules to observe in air drying: 

- Stack the tiaber in such a way as to keep it as straight and flat as 
possible during 4rying. 

- trr and ensure even air flow through the tiaber. 
- keep sun off the ends of the tiaber and preferably, coat the ends with 

• waz or paint to prevent rapid end drying. 
- In the tropics stacks should be oriented lorth-loutb to reduce the 

uount of sun on the ends of ··-cts. · 
- Cover tbe stack with a roof in a shed or with an individual stack cover 

to prevent rain getting into the stack or direct sunlight on top of 'the 
stack. 
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rigare I lllao1rs ·~1oct stactiaf• wlaich ia a aetllocl of buil4inf a Sqttare 
ea4e4 stack froa piec:u of tiaber of different leagtlaa u4 aYOitiDf owerhanf 
of tH longer pieces an4 cona..-ent tistortioa when ~. It is werr 
iaportut ill atactiaf to eaaare tllat •stickers• (tile spacer piecu betweea the 
ltoar4a of ti.aber beiaf 4rie4) are nrticall7 abowe each other u4 trusf er the 
loa4 o~ tile •tact 4own to bearers fOr.illf the atact base. I4eall7 there 
ahcMal4 be an 11 iach (C50 -) air apace u4er tile atact to giwe u4er-stact 
'Hlltilation. 

Fig. 8. llathod•of "lox,§t.eckia&" jlfiunt l!agtha of timhr for dryinl• 
SUe9 

L2 

rta Yin of •tacit at L5 

- I H~ I'~ •. , 

' . . ~ 
I •• r. u .. 
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1 .. .I 

" I l . 

I 
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~ 
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frocaclure 

. 1. Build bH• of nack OD flna bad •dace vltb •tack bearers ruuilaa 
acroH tbe .cack a4 at i. .. t 100-150 - (4-6 ilacbH) •cpaare ila •ecti.OD. 
rru air flov ~•r •tack ii esHlati.al. · 

2. 1.enatb of stack sbou14 be tile 1ea1tb of 'tu loapst piece of timber 
to be clriecl. 

3. Stickers sbou14 no acroH tile stack b9twa tioarcl1 in Yertical rov• 
600-750 - (2 - ~.5 i .. t) apart. 

4. Shorter tilhr •bou14 altenatelJ be pulW co ucb ncl of the nack 
•• •llolna ila plaa Yiev of L5 8'"'" to retaila 1cpaare nclecl stack vitb all 
boarcl encl• tupportecl. · 

5. Overba1ila1 boal'cl acl• should k IUPPftcecl bf ... i.t~l sbol't .clean 
vbel'• CHH i.1 clapl' of cls~inl of CH acl• (1.2). 

6. ltacb aou14 be conrd vltla ,_ vaterpHOf ewer to keep off clireet 
railafall. 
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It is essential to bloct stack t~r goiJl9 into a kiln in orter to 1•t a 
square erclecl stack to fill t•e apace iD t•e lila u4 it is aclYisule to use 
the sue aethocl for air clryiDtJ. particularlr u air clrJill9 is oftea followecl 
bf kiln clrying. 

The arrugeaeat of air clrria9 stacb iD a rarcl clepeads on preYailiDg rincl 
u4 SUD clirectiou ucl OD eq11ipaent usecl to aoYe the thber. Boob OD timber 
clryiDtJ show cliff ereat aethocls ucl 1pacia91 ht ~eae aee4 i4eallr to H workecl 
oat for each rara incliYicluallr. DrYi•t ••eels are often usecl iDSteacl of stack 
coYera on iacliYiclual stacks. Tiler otten proYicle better protection froa sUD 
ucl rain ht tea4 to be aore ezpeasiYe ucl to concentrate thber in a aore 
restrictecl area which results in leas air flow t~ough the timber. 

It shoulcl be reaeaberecl that in aost parts of the world where timber is 
trOWD ucl usecl air clrying rill onlr clry the thber to 16-11' a.c. ud furt•er 
clryiDtJ in a kiln is necessarr for tae timber to H usecl for furniture or 
joiaerr. 

lilD DrYiD•· 

lilas are challbera into whic• timl»er stacks are put ud teaperature, 
•uaiclitr ucl air flow through the stack cu H coatrollecl to giYe faster 
clrying ud drring to a lower aobture content tbu is possule ritb air 
clrying. 

Different tJPes of kiln use different aetbocls of proclucing the requirecl 
conc!itions and the aost cOllllOn ones are descriHd briefly below: 

Steaa Operatecl lilns. 

One of the oldest aethocls of kiln drying is to use a boiler to procluce 
steaa wbicb is then usecl to beat the kiln ch&aHr bf passing it through a 
series of beating pipes which heat air passing oyer thea. If greater 
humidity is requirecl the steaa is feel straight into the cb&aHr and the air 
huaidity ud teaperature in the kiln rise. 1ans are usecl to circulate air 
through the tiaber stack, inlet and outlet Yeats draw in soae fresh air and 
let out buaid air containing water reaoYecl froa the woocl. 

This type of kiln is still extensively used where wood residues are 
availule as fuel and fairly large quantities of timber need to H dried. The 
operation and aaintenance of boilers requires sk~llecl operators and the cost 
of installing this type of kiln tends to H bigb but fuel cost is usually low. 
lotb beat and buaiclification are obtained in the one process. 

Bot liquid heated kilns. 

These kilns soaetiaes use bot water but, aore often, a liquicl such as oil 
with a boiling point higher than water to beat pipes passinf through the kiln. 
They are nornllf operatecl bf fas or oil-fire4 burners to beat tbe liquicl. 
Control is relatiYelf easf an4 boilers are not required but separate 
buaiclification units asinf a 1aall 1teaa 1upplf or a rotating fan wbicb 
"atoaises" liquicl water to supply buaiclity can be u1ecl. 
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lot lir lilas. 

Vitll the•• kilas the azhaast gases froa an oil or gas buraer are aacte4 
tlarcMagla :•eatiag c:oils iD the kiln. Control is Oil the heater itself aa4 heat 
is only supplie4 wbell aeecle4. & •U)ai4iary systea to proYi4e haai.4ity is 
also require4. 'ftlese kilu are relatiYely low cost coapare4 rith steaa kilns 
IMat ase high cost fuels fairly econolli.cally. 

Direct rire4 lilns. 

With these the exhaust gases froa c:o.bustioa are 4ucte4 atraiglat into the 
kiln after passing through apart arresters, aacl heat the tu.Hr direct. 'ftley 
cu oaly ase natural gas (BetLue) as " fuel wbeie the exhaast gases are not 
poi•ODOUS. 'ftlese kilas are, therefore, restricted to places where natural 
vu i• a•ailule. 

Dellmitifier lilu. 

These ha•e been 4e•elope4 fairly recently (ia the last 20 years) aa4 use 
a aet•ocl of reao•inf water froa the air circulating in a kiln by cooling it 
aa4 coaclensing water 011t of it. The heat ud the c:ool 4rie4 air are returne4 
to the kiln u4 the water 4raine4 away. It is •err energy efficient but cu 
only be operate4 on electricity which is essential to operate the Coapressor 
of the refrigeration plot u4 aoae a44itional heating as well. It is also 
require4 to power the fans, circulating air round the kiln. It present these 
kilns ca~ only be operate4 at relati•ely low teaperatares (50-60°C) because 
the r•frigeruts uae4 4o not operate at hit•er teaperatures. Vort is 
currently in progress to 4eYelop refrigeruts which wort at higher 
teaperatares. 

The advutages of these kilns are that they are low in capital cost and 
quite low in operating cost provide4 electricity is not greater than twice the 
preYailing cost of electricity in aost Western laropeu or •orth laericu 
countries. They are, however, slow coapared with other conventional kilns 
ud they tend to be useful for saall drying operations. Very ~ften the 
4ehaaidifier unit only is sapplie4 ud the purchaser builds his own kiln 
chaaber. 

lacaaa lilns. 

These are high cost kilns desitned to dry quite saall quutities of high 
Yalae tiaber in a pressure chaaber io which a vacaaa is draVll~ They wort on 
the principle that as air pressure is lowered the boiling point of the water 
in the woocl is lowered. a.at is applied by platens in between each layer of 
tt.J)er ud the water is boiled oat of the woocl at low pressure. The process 
is rapid, three to four tiaes as fast as conventional kilning and if done 
correctly result• in Yery little defect in the woocl. 

folar liln1. 

Solar drier• trap ud use the 1un's energy to provide the heat to dry 
tiaber. •aaerou1 de•ifD• have been built experiaentally, soae u1ing 1olar 
heating 02ly aa4 1oae u•iDf dehaaidification •• well. They cu be diYided 
into "GreeDhou1e" kiln• containing tbe tiaber in a 1reenbou1e-type 1tructure 
wbieb trap1 the heat in tbe 1aae ebaaber 11 the woocl. Other kiln• use a 
separate collector to beat air, wbieb is tben ducted into tbe cbaaber 
containing tbe tillber. 
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Solar libs ne not u easil)' cuatrolled as CODYotioaal lilu because 
solar oeru is ilateraitteat u4 affected •Y weather. ftese tilDs are 
nlatiftly slow iD 4Qi•t kt, if properly operate4, procluce llitJh quality 
tlr7iaf at low cost. ftey are low ia capital aa4 operatiag costs. aad, 
partia.larly iD the tropics. they can proYe Yery coapetitiYe with other 
•tllocls of lilD drying. bnu 1. giYes iutnctiou for operating a solar 
lilD. 

Betlaocls of Operatiatr an4 Colltrolliatr filDs. 

llost c:oaYOtioaal kilns are operated uiag staa4ar4 lilD sclledules 
4eYised to try tialter at the fastest possiltle rate coaaisteat with goocl 
quality 4ryiag. rut trying woocls can h 4ri&4 at lligher teaperatures and 
lower hai.ditiei1 tba slow trpag woocls. fte luil4iq ••searcll Batolisbaeat 
iD JritaiD hu procluce4 a "Ti9Mr Drying 11aaua1• wllich lists a total of twelYe 
different sclle4ules witll reca•ea4atiou OD nicll sclledule slloul4 h used for 
a a..a.er of species ue4 iD lritaia. 

Sclle4ules specify wllat try bul• aa4 wet balb teaperatures sllould h ue4 
for a certaia aoisture content of the tiaMr. lt high tiaMr aoisture 
coatents teaperatures are relatiYel7 low and llai.dities hitll aa4 as aoisture 
content of tile woocl 4rops bulb teaperatures go up and huaidities coae down. 
BEmaples of sche4ules are ti•en ia lDllex 1. 

Tllese schedules caaaot h use4 directly for Dehuaidif ier tilu or Solar 
lilu hcause Dehai.dif iers caaaot use the high dry bulb teaperatures 
specified and solar kilns do not haYe the necessary teaperature control 
because they are dependent OD heat froa the sua. Sillilarly Yacuua kilns would 
require 4if f erent schedules but all other kiln types described here can use 
thea. 

In order to operate a schedule accurate aeasureaeat of the aoisture 
content of the kiln charge is required. Tllis can either be found by reaoving 
saa~les and oYen drying and weighing or by using periodic aoisture aeter 
aeasureaents at various positions in the charge or by constant aonitoring of 
aoisture content by inserting a nuaber of prohs in different sa:aples in the 
charge at the beginning of drJing, connecting thea up bJ cables to a ~entral 
aoisture aeter and aonitoring aoisture content continuouslf throughout dr1ing. 

Tile first aetho4 is probablJ still the aost accurate; however, fewer 
than five saaples, placed in different locations around the charge, including 
preferablJ the centre, •re liable to give inaccurate results. 

Tile reaoYal of saaple boards is aade possible if stickers are notched 
around thea, so that the weight of the stack is not resting on thea and they 
caa be pulled out of it at any tiae duriDf drying. 

lany aodern kilns have automatic aonitoring of teaperature huaiditf .nd 
timber aoisture content during drying and these are used to control 
autoaaticallJ teaperature and huai4ity and to alter thea according to a 
selected schedule as wood aoisture coatent drops, during drying. Such 
coatrols are excellent wllen they wort well but they present probleas when they 
4o not wort. lepair aay require considerable electrical or electronic 

. expertise. "Collplicatea• is not, therefore, always "best• particularly for 
saall operations in areas reaote f roa people with the necessary servicing an4 
repair stills. 
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Operatioa of solar ti.lu is soaetliaf of aa art oa its on. Soae 
pi4uce u4 •1lffUted. •tllocls of .oaitori.llg aoistve coateat u4 coatrolliDt 
ti.las are fi,ftll ia ban 1. ftis Auu is written to M uect separatelr froa 
tle pi4e if aecessarr u4. tllerefore. coataiu soae of tile sue toles u4 
fipr••· 

Pres•tatioa of tile lesalta of lilD DrJiatr. 

'Ille progress u4 results of 4rriDI cu M preseate4 ia grapllical fora. 
fte aoraal 4rriDI cane reeortiDI the 4eereue of aoistve coateat of the wood 
ritll tiae ia the ti.la is ••on ia Figure 9 u4 ripres 10 6 11 shcnr kiln 
•mtitr u4 taperatve •ariatioa rith tiae u4 thMr aoisture coateat. In 
l'if. 11 tile fipres are for •aa 4ailJ temperatve u4 haai4itr wlaile in 
Fit. 12 tiler are for llcMlrlr temperature aa4 r.h. 4ariat tile perio4 
a.oo a.a. - t.00 p.a. for the solar kiln coacerne4. 

lec:olltitioaiaa. 

TiUer 4rie4 iD coa•eationl tihs at fairlr hith temperatures ur •how 
signs of collapse or cue har4eainf. ir.eae cu M relie•e4 by reeonditionint 
or steaaing the thMr for •P to a hours rith low pr~••ure cteaa wlaen wood 
•istue eonteat reaches alMMat 1'1'. lfter reconditiODiDI thMr cu then M 
f11rtller 4rie4 4own to the f iDal aoisture content without auch aore defect 
oeeuint. 

Preliainarr •eon4itioniaf• steaaint treataents aar M recoaaendecl in soae 
seheclalea for short periods Mfore clryint starts. 

Defects in liln Drie4 Tillber. 

JlaDJ uperience4 users of till])er prefer till])er 4riecl slowlr, preferulr 
as far as possible by air dryint and then either conditioning of the wood in 
the situation where it is to M usect or slow kiln clryint to the correct 
•i•ture content. 

T"ae teaptation for the tiln operator is to get chart•• throuth as fast as 
possible in order to earn aore aoner, but this is counter-pro4uctiYe, as it 
can lead to •••ere defects an4 ti•• tiln 4rying a ba4 naae. 

The following are soae of the coaaoner defects and their causes: 

Clft hardeninq. This is not alwafs obYious froa Yisual inspecti~n but is 
caused by too rapid drfiDI of the surface wood when the wood below the surf ace 
is still wet an4 swollen. The wood on the surface is stretched beJond its 
elastic liait an4 sets in a stretched position. The centre then 4ries but 
the surface reaaiu set. If the tiaber is then sawn or .. chined during use 
it tends to distort an4 ju on the saw. The •fort• test for case-hardening 
inYolYes cuttiDt a saaple 1 inch (25 wide across the board or plank to 
be tested an4 then cutting the centre piece as sho~ below to ti•• a fork. 
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FIG~E t GREENHOUSE-TYPE SOLAR KILN 
Drying curves for different species In five countries 

A. 50mm Oak ( Quercua robur) Oxford, UK &2° N 

B. SOmm Elm (Ulmus·Procera) OXford, UK 52°N 
C. 30mm Gorrmier (Dae~ exoella) Dominica, W.t lndlea 1t°N 
o. 2smm Mahogany (Entandrophragmacyllndrtcum) Ser .. 911Mm, 1Munla 70s 
E. 50mm Cypress (Cupressus lualtanica} Molhl, ,_ ..... ~8 
F 25mm Afara ('ltrmlnalla auperba) Ibadan, Ni;lrla 7°N 
G. 20rnn Cypress ( Cupl'888US spp.) Sri Lanka 7°N· 
H 20mm Eucalyptus (Eucalyptus grandla) Sri Lanu 7°N 

Note a A-F were dried in a timber framed model, glll9ll1 wlttt ••1tu.a fl)Olyt.,._ 
G & H were dried In an aluminium framed Melt"*' ,,._... -.Ion of tlrle ume kiln 
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Plpre 11. EXAMPl.E9 OF HOURLY HUMDITY AND TEMPERATURE FLUCTUATIONS AT DIFFERENT STAGES IN DRYING (A I B) AND ON WE r/OVERCAST 
AND SUNNY~VS (C~ 
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-----> I (//·I~ ' , L~ eentre 
- - ' > t < , _cut out. 

If the prongs of the fork bend in -tow&rds each other the tiaber is case 
hardened. If they do not it is not case-hardened. 

Collapse. This again is caused by too rapid drying of the tiaber surface at 
the tiae when the interior is still daap. In this case the cells in soae 
parts of the wood c~!lapse because of restriction of air aoveaent through 
pits. It can largely be restored by reconditioning. It is shown by 
corr~gation of the wood surf ace into aore and less severely collapsed bands of 
wood. 

Surface Checkina. Again this is caused by too rapid surface drying early in 
the drying process. Often fully dried tiaber has surface checks which opened 
up early in drying and then closed up when the interior of the wood dried, but 
the cr•~ks reaain and aay show up during aachining and finishing. 

Ind Splits. These are coaaon if the centre of the tree is included in the 
piece of tiaber. Very often they are inevitable and due to stresses in the 
log. End splits in other places are alaost certainly due to too fast drying 
of the ends of the tiaber. Ind coating with wax or paint can help prevent 
this. 

Distortion. (Cup, bow, spring tnd twist or warp). 
These are illustrated in Figure 12 below. Cup is coaaon on tangentially or 
flat sawn tiaber and is due to differences between radial and tangential 
shrinkage. It can be kept to a ainiaua by good stacking and drying at a high 
enough huaidity in the early stages of drying. Bow is often due to poor 
stacking, leaving tiaber out in the sun unsupported along its length. It is 
usually avoidable but can 1oaetiaes result froa reaction wood distortion in 
the tiaber. Spring is not noraally due to seasoning and is aore often due to 
tensions within the log before saving which are released when the tiaber is 
cut. Twist (warp) is often the result of poor stacking, too rapid drying in 
the early stages and possibly irregular grain or reaction wood. It can be 
ainiaised by good stacking and slow drying in the early stages at a high 
enough humidity. 
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Coac:luioa. 

It cunot i.e oYer-eaplluise4 tlaat goocl .. alitr tiaHr proclucts, c:uaot 
c:cae froa poor 4(1lalitr tialMtr tryiag: if •c:lliaia9 uCl fiainiat are poor then 
••en ritla llitll qaalitr seuoaillf goocl 4(1lalitr procluc:ts clo aot result, IMat 
ef f ic:ient 4ryiag to the correct aoisture c:oatent i• the first essential step. 
It c:caes f roa 111l4er•tutiaf the •terial aa4 tile proc:essu that fO on as 1IOOcl 
dries. Properlr seuoae4 1IOOcl aot oalr llolu its cliaeuions, it is eur to 
•c:ldae aa4 wort to a goocl fiain aa4 su4s ucl polishes well. 

!Ilia gui.cle ~.. atteapte4 to giye a bac:tgrou4 taowle4ge of tbe processes 
tatiag place u 1IOOcl dries so that the reacler c:u ·euilr 111l4erstaa4 oat is 
llappeaing ucl learns &at is essential u4 oat is less essential. It is 
llope4 it rill belp people to reuoa oat for tta ... elYes oat is happeaillf oen 
proltl... occur. It i• not clesipe4 u a mual OD llow to operate particular 
lilu. iaforaatiOD ftic:ll slloalcl M &Yailule fraa tile Mkers Of tile kilns or 
u.Aoob oa lila operation. IDnu 1 cleals ritll operatiag solar kilns on 
oic:ll there .... to .. ~ery little written. 

Tile followillf, therefore, are soae of tbe .. ;or point• to reaember in 
tiUer 4ryiag: 

1. Deteraine oat nc: is recaaire4 for tile encl-ue of the tiUer ucl 
clry to that eac. 

2. Keep aoisture graclients ill the ti.Der from getting too steep, 
partic:ularlJ iD the earlJ stages of 4rying. If in cloultt keep air 
huaitities in kilns high until the tiaber is clowa to &))out 
17-20' a.c •• 

3. Get to know the clifferent tiUers JOU c1ry ucl oat theJ will stancl. 
Deteraine, if possible, what ~•e radial and tan9enti.al shrink.age co 
12' a.c. is. 

4. Tue enough suples ia kiln charges to get a goocl aYerage a.c. for 
tbe cbarge ancl clry tbe charge uatil the suple ritb the bigbest 
a.c. is try. 

5. Do not store 4rie4 tillber in wet places. If aecessary reaoYe tbe 
stickers, block pile it ancl wrap it in polJtbene to slow dowa 
aoisture pick up. If tiaber is to be ezporte4 after kila drfint 
"8k• sure it i• well wrapped ancl sealed to aYoid aoisture gain. 
Tbe rate of uptake of water rill depend, u rith dryinf, on 
teaperature, baaiditJ, the peraeuilitJ of tbe tillber ancl its 
tbietness. l ... iua densitJ woocl of •••rat• peraeabilitJ an4 25 aa 
tbietness left in an at110Sphere ner• e.a.c. is 11-11,, could be 
expected to pick up aoi1ture froa 12' a.e. to 16-11' ill a aontb if 
not wrapped in a Yapour proof sheet. Gooc1 practice should result, 
in tiae, in a foocl reputation an4 hither prices for the tiaber. 

6. ltteniioa to detail an4 care in the treataent of tiaber usually 
re1ult1 in better profits. IYen if it cloe1 not tbe tiaber deserves 
to be treated well: it ha• taken tens~ if not buD4re41 of fears, 
to trow and AJ be difficult to replace. 
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11111 1 
SOLD IILllS DD TIUI OPlllTIOS 

fte Characteristics of a Well Desipe4 Solar lilD 

ftere are now aaaf desigu of solu tilD aroud the world, aost of tbea 
research tilas and not in comaercial pro4uctioa but iacreasiatlJ ther are 
becoaiag aYailable as pro4uctioa aoclels. 

ftere are ~ee .. in requireaeats of a tila: 

- it sllould be efficient enough in collecting and retaining solar ener11 
to be able to 4rJ tillber to a low enough aoisture content for mediate 
use after it leaYes the tila. 

- it should be capable of proYi4iag tillber drfiag of high eaougb qualitJ 
to coapete with that pro4uce4 bf coaYentioaal tilas. 

- it sllould be capable of 4rJiDf tillber at a spee4 and at a cost that is 
coapetitiYe with other aethocls of tila drfiag. 

Ia addition to these three .. jor requireaeats it is desirable that the 
tila should be eur to coastruct and siaple to operate; it is eYea aore 
desirable that it should be reliable in operation, aot liable to equipaent 
breatdon, easr to .. intain and eur to repair. ktreae efficieaey of 
operation is •~t necessarily the aost iaportant criterion on which to judge a 
tila; ease of operation, quality of drfiag and reliability are probablJ aore 
iaportant. 

DSTIUCTIOllS FOR OPIUTDG SOLll IILllS 

General 

Solar tilas oper•te ia a aaaaer which is part way between kila drying and 
air drying. In the foraer both teaperature aad huaidity are controlled and, 
within the liaits of the controls, any combination of teaperature and huaidity 
is possible. In dehuaidifier kilns control is .. ialy by huaidity and the 
teaperature is relatiYely low. 

lith air drying both teaperature and huaidity are controlled by the 
weather and conditions are outside the control of the operator except tbat 
stack or shed orientation and protection of ti~r stacks f roa direct sun or 
rainfall bJ shed or stack roofs is possible; ead sealing of tiaber and 
covering of ends of stacks are also possible to prevent too rapid drying and 
end cracking of the tiaber. 

lith solar drying it is not possible to control teaperature except bJ 
iacreasing the ieaperat~re over aabient outside teaperature using the 
"freeDhouse effect• of the kiln glazing. Tbe teaperature iaside the kiln 
will be controlled bJ the aaount of radiation falling on the kiln, by the 
teaperature outside the kiln and bJ the oeneral ef f iciencr of the kiln in 
trapping the radiation and conYertint it to· beat. Unlike air drying, 
however, the solar kiln traps air and vents control the quantity of air 
allowed into and out of it. luaidity, therefore, is auch aore controllable 
thaa teaperature and it is relative huaiditJ which deteraines the final 
equilibriua aoisture content (eac) of wood aore than teaperature. 
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!Ile followiat table •'owa aYerage eac of woocl at 4if f ereat teaperatures 
Ul4 bllai4ities an4 the effects of relatiYe haai4ity at teaperatures tJPical of 
t..,erate an4 tropical cliaates an4 of internal conditions in a solar tiln. 

TllPBllTUll 15°c 3o•c 5o•c 

lelatiYe e.a.c. 
Baai4ities ' ' ' 

I°' 11.25 16.1 15.25 

60, 13.25 12.1 10.5 

to' 9.5 1.5 7.25 

20' 5.9 5.25 4.3 

It is clear, therefore, that the relative buai4ity of the air passint 
oYer tbe tilll»er Yery largely controls tbe e.a.~. of the tilll»er but in a close4 
tilD a rise i~ teaperatare will lower relatiYe buai4ity; it will at tbe saae 
tiae spee4 up the attaiDaent of tbe equili,J,riua 110isture content by spee4iDf 
up the rate of llOYeaent of water through the woocl and its eYaporation at the 
woo4 surface. 

The ability, in the solar tiln, to control air exchante b? opening or 
closing Yents therefore gives an ability to control huai4ity particularly 
because water, which is being reaove4 continuously froa the woo4, is a4ding to 
the buai4ity in the tiln unless it is vented. The aost iaportant factor 
affecting woo4 drying is, therefore, to a large extent controllable by the 
vents; an appreciation of this fact is necessary in operating a solar tiln. 

Qperation of vents in control of 4rying. 

lir flow through the Yents is controlled by air pressure inside and 
outside the kiln at each vent. 

Yents need to be controlled to let enough air out to allow tillber drying 
but not too auch because daaage will be done to the tillber if huaidity in the 
kiln is lowered too auch too early in drying. Water often condenses at night 
on the glazed cover of the kiln and drains to the floor. If this is then 
allowed to drain out of the kiln a treater quantity of water can be reaoved in 
a given tiae by this condensation plus venting than by venting alone: the 
water is removed in a low eaerfJ state as a liquid ratber than as bigh eaertJ 
vapour and the tiln acts as a partial dehuaidifier. 

It is not alwafs desirable to remove the condensed water on the floor 
because of the danfer of lowering huaiditJ in tbe kiln too rapidlJ and it aar 
be desirable to leave the water on tbe floor to re-evaporate and buaidifJ tbe 
kiln. Siaple .. tbo4s of collecting the water falling to tbe floor and either 
retaining it or draining it off, can be devised wbicb will provide increased 
bui4itJ control in tbe kiln. Tbe siaplest ae.tbo4 is a polythene or PVC 
troun4sbeet wbicb can be perforated to allow water to drain away or sealed to 
prevent it 4oinf so. 
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~.ies for 4iffereat tiabera 

Selecte4 uuples of coa•eatioaal lib ache4ulea ill .lppeaclix I are taken 
froa "Tile lila Opprator•a luaclboot• br v.c. Ste•eaa aa4 G.B. Prat~ to 
illustrate t•e operation of aoraal tilaa. rut 4ryiag woo4a are 4rie4 at 
faster, aore •••ere ache4ules rith lligher teaperatures aD4 lower •uaidities 
tlau slow 4rriDV woocls. Tlaoae liule to surface checliag or warp require 
~gh huaidities in the earlr stages of 4rfiag whea t•e surface is c1r7iag and 
slar:iatiq while t•e iaterior is still wet aD4 swollea. To a•oid case 
llarieaiag it is iaportant rith slow-dr7iag woods to a•Oi4 low huaidities. 

Wit• a solar lib it is aot possible to aclhere to a strict sche4ule and 
the art ia operatiag tile kiln is to euure t•at the kiln 4ries the tiaber as 
fut as possil>le rith a lliniaa •eat opeaing to pre•eat heat loss and 
reduction of huai.4itr below an acceptule le•el. Ia all woo4 ar,iag aost 
water is lost ill the earlr stages of 4rJi.llg as the easilr reio•e4 surface 
water e•aporatea aD4 the free water withia the cell laeas ao•es to the wood 
..rface. Later ia 4rfiag the a110aat of water e•aporatiag froa the surface of 
the wood is re4ace4 since tile rate of ao•eaeat t~ough cell walls is liaite4. 

With fast 4rriDV woo4a it is µ.portaat to reao•e suf ficieat aoisture in 
the earlr stages of 4rrill• aad if the tillber is green the •eats aee4 to be 
opned f1lllr u4 thea graduallr closecl u 4rfiag proceeds. It is probUlr 
aore ef f icieat to use the kiln to coaplete drring after a preliaiaarr perio4 
of air 4rriDV for these tiabers since air 4rfiag is alaost as fut as the kiln 
alMwe JO-t°' ac. 

Used ia this way the kiln will probuly 4rr one aa4 a half tiaes the 
qaaatitr of tiaber it would 4ry if 4ryiag froa green in the kiln. 

Slow-4rfing, difficult woo4s aaf not stand air 4rying ua4er stack co•ers 
because of low huaidities in the ai44le of the day, particularly in 4ry 
cliaates, in tropical 4ry seasons or in teaperate aaaers. It aay, 
tlaerefore, be neceHarr to dry these tiabers froa green in the kiln. This can 
be done without causing defects e•ea at high teaperaturea for a solar kiln 
pro•ided that huaidities are kept high in the crucial perio4 when the woo4 
surface starts drying below 25-JO' ac. With these woo4a the Teats need to be 
kept well closecl particularly in hot, dry weather; provided this is 4one 
huaidities will star high enough. leasureaents of huaiditf show that 
relative h'~1dity 4rops in the aiddle of the day but rises again at night, 
particularly if fans are switched off at night. This relieves surface 
stresses in the wood and gives goo4 quality drying of e•en the aost diffi~ult 
woods. 

Later in the drying of both fast and slow drying woo4a it i1 po11ible to 
keep vents only slightly opened l»ecause leis water i1 being reaoved f roa the 
wood turf ace and bigb teaperature i• required to aove the water aore rapidly 
through the woo4. 

CODtrol of f an1 

Tbere i1 little benefit to be gained froa rUDDing fans at night ezcept 
with chart•• of fatt drying wood• when tbey have bigh aoi1ture content• and 
buaiditi•• are very bifb in the kiln. If huaiditi•• are over 80-90' during 
the day it it proba1'1J ad•i•able to keep fan• foing at Difht, particularly if 
aouldt or blue 1tain 1t1rt foraing on the wood. Vitb 1low drying wood• and 
drier chart•• of fa1t drJiDf wood• fan1 should be ••itched off about an hour 
before aun1et and switched on an hour after 1unrise. 
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lloDitor:iaa of tih perforauc:e 

Perio4ic aeasureaeats of air teaperature aa4 huai.ditr inside the tiln 
aa4. preferulr also outside the tiln. plu aeasureaents of 1IOOcl aoisture 
coatent are necessarr to cllect liln perforauc:e. 

Beasureaeats of teaperatures and huai.dities at I aa. noon and t pa are 
desirable. IHat not essential. rule perio4ic aoiature content aeasureaeats are 
essential. 

Taperature and Baaitit1 Beasureaeats 

Teaperature and haaiditr aeasureaeats cu i.e aa4e uing a single wet and 
4rr IMalb ther.oaeter. Vet u4 4rr IMalb chart recorders are ezpensive but 
give a eontin110U record of teaperature u4 haaititr: ther are worth 
iutalliq if ur research is to i.e doae with the tihs. 

lloisture coatents of tha 1IOOcl 

lloisture contents of the 1IOOcl cu i.e aeasure4 either bf the oven drfing 
an4 weighing aetho4 described in ur text boot on tiln 4rfing or bf moisture 
aeter. lloat aoisture aeters ue u electrical resistance aetho4 which is 
accurate up to 30-tO' ac but inact'llrate at higher lioiature contents: a few 
have scales which aeaaure higher aoiature contents but not accurately. 

Kiln lecorcls 

lppeodi.z 2 gives aetho4s of teepiag reccrds u4 foraa oa which tiler cu 
be ke~t and it is suggested that tiler are tept ia full at least uatil the 
drJiag characteristics of ·the timbers for different thicknesses are 
well knowa. It is ~l•ara eaaeatial to keep records of tillber aoiature 
content ia order to know when !ryiag is coaplete. 

rimes 

Figure 1 shows aoiature coateat required for 4iffereat uses ia Britain. 
Other countries with different cliaates require tillber 4rie4 to different 
aoiature contents. For aoat of the huaid tropics 12' ac is a rea~oaule 
average figure required for tillber to go into a cloaecl buil4ing. 

Figure 2 shows how equilibrium aoiature coateat of woo4 varies with 
bumi4itJ u4 teaperature. 

Table 1 gives relative buai4itiea in teraa of ••t aa4 4ry bulb 
teaperaturea. 

'91clpaiopa 

solar kila1 are ea1y to operate in an acceptably efficient way. Provi4e4 
Yeats are not opene4 too auch witb clow 4ryipg, refractori woo41 at the 
critical tiae wben 1urf ace 4rJiDI aa4 1brintage 1tart1 tbe qualitJ of 4rying 
will be goo4. Optiaua drJiDI 1pee4 aay be aore 4ifficult to achieve without 
practice but the ba1ic tecluaique1 of achieving too4 quality drying are not 
difficult to ac4'1ire aa4 very little operator tiae i• neede4 to control tbe1e 
kil••· 
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APPEllDIX I 
ltlUI SCHEDULES 

Suitable for tiabers which 8USt not darken in drying and for those which 
ba.e a pronounced tendency to varp but are not particularly liable to check. 

Te.perature Temperature 
Moisture content (I) of the wettest (Dry bulb) (Vet bulb) Relative 
timber on the air-inlet side at which huaidity 
changes are to be aade I ., .. c ., ·c (Approx.) 

Green 95 35 87 30.5 70 

60 95 35 83 28.5 60 

40 100 38 14 29 50 

30 110 43.5 88 J 1.5 40 

20 120 48.5 92 34 35 

15 140 60 105 40.5 lO 
-

ltlUI SCHEDULE B 

Suitable for timbers that are very prone to check. 

Teaperature Temperature 
Moisture content (%) of the wettest (Dry bulb) (Wet bulb) Relative 
Timber on the air-inlet side at which humidity 
changes are to be made % ., ·c ., ·c (Approx.) 

Green 105 40.5 101 38 85 

40 105 40.5 99 37 80 

30 110 43.5 102 39 75 

25 115 46 105 40.5 70 

20 130 54.5 llS 46 60 

15 140 60 118 47 .s 50 
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ltILll SQIEDULE G 

Suitable for timbers vhich drJ verJ alovly. but are not particularl1 
prooe to varp. 

Temperature Temperature 
Moisture content (%) of the wettest (Dry bulb) (Vet bulb) 
tiaber on the air-inlet side at vhich 
changes are to be .. de ., ~c ., •c 

Green 120 48.5 115 46 

60 120 48.5 113 45 

40 130 54.5 123 50.5 

30 140 60 131 55 

25 160 71 146 63.5 

20 170 76.5 147 64 

15 180 82 144 62.5 

KILN SCHEDULE L 

Suitable for fa•t drying •oftvood• 

Tnperature Tnaperature 
Koi•ture content CZ) of the vette•t (Dry Bulb) (Vet bulb) 
tillber on the air-inlet side at which 
change• are to be llade 

'P •c ., •c 

Green 180 82 165 74 

40 200 93.5 162 72 

Pr011sluilJin• Re•earch l•tabli•"11ent,Prfnce• Ri•borou,h Laboratory, 
~ crown copyright. 

Relative 
huaidity 
% 
(Approx.) 

85 

80 

80 

75 

70 
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Relative 
humidity 
% 
(Approx.) 

70 

40 
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&PPIDD 2 

SOLD UY UCOIDS 

These are 4esipe4 to recorcl the perforauce of the kih :iJl relation to 
tile cliaatic Yariatiou uc1 the tne uc1 cliaensiou of ti.Der Ming clriecl in 
it. 

There are three recorcl sheets, one recorcling the teaperature aJl4 huaiclity 
insicle ucl outsicle the ti.la, one recorcling the aoisture content of the woocl in 
tile kih, ancl one r~rclinf seasoning quality. Tiley shoulcl be cospletecl as 
follows: 

1. rou 1. Teaperature ucl huaiclit1 aeasureaeat sheet 

rora U wet is for use where a wet ancl clry IMlllt chart recorcler is usecl 
insicle the kih and a wet ancl ctry ltullt thenaaeter outsicle ancl rora 11 is for 
ue where the wet ucl clry hllt.theraoaeter is uecl for ltoth insicle ucl outsicle 
•asureaents. 

. In Fora ll wet aad dry bulb reacl:iags are read off the charts and the 
teaperature ucl the tiae of clay at which it occurrecl are recorclecl for each 
clay. The wet ucl clry bulb theraoaet•r reacli.llfs are taken at I a.a., noon ancl 
C p.a. or as near as possiltle to these tiaes. The tiae aust be constant 
each clay ancl if these tiae~ are alterecl aeasureaents aust M consistently at 
9 a.a., or whateYer tiae is ~hosen. 

It is clesirable to aate the recordings every clay ltut if recorclings with 
the wet ud clry bulb theraoaeter are not possible at weekends they can be 
Olli ttecl. 

2. rou 2. TiUer aoisture content aeu:treaent sheet 

Bere aeasureaents should be aade every 3-5 days (avoiding veetencls). 
Vith fast clryint woods of saall thickness clrying is faster ucl aeasureaents 
shoulcl be aore frequent tho with slower drying tbic~er ti .. er. 

Operation of the Moisture leter. 

The aeter should be used as follows: 

1. Open case and check battery strength with battery check device; if 
necessary replace batteries. 

2. Check which scale on the aeter to use for the species being tested. 

3. leasure teaperature of the wood to apply teaperature correction. 

C. Test aoisture content of surface tiaber at each saaple point using 
tbe 1bort probe1. Record aoisture content for 'S' positions after 
applrint teaperature correction•. 

5. Te1t aoi1ture content of the interior wood u1ing tbe ~ ... er 
electrode. lecor4 aoisture content for 'L' positions after applying 
teaperature corrections. 

1 .. tbo4 of calibratiDf the aeter i• 1ugge1tecl in Appendix 3 which can be 
used if facilitie1 are not available to condition tbe tiaber accurately to 
4iffereat aoi1ture content• in a con1tant teaperature huaiclity chaaber or 
eoa4iti0DiDf oven. 
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fte i.Ditial •isture aeasuraeat alloul4 l»e aa4e by taking at least 5 
aaaples. weif)dag. nea-tqi.DIJ aa4 re-wigldag to gi•e tile aoisture content \. 

greea nipt - oftll dry nigllt 
(llQ • -·----------- z 100) 

OTU dry nig'lat 

lftei= tlais •isture coateat .... uraents slaoul4 M aa4e ritb an 
electrical aoisture aeter. fte aeasuraents slaoul4 l»e aacle at fbe point-_. at 
eacla aicle of the ti.la stack as sllcnna iD tlae followiag 4iagraas. 

racial stack f roa fan side 

racin1 stack froa rear sicle 

6 

'lbr'e dimensional drawings of Stack -

f 10 , 2 

I ' 3 
J-- - - -, - . 4 

front of stack 

2 

3 

7 

8 

9 

7 

8 

9 -- -

10 

6 

s 
- - - - --~-

llll· 6 will l»e tbe other si4e of tbe stack froa 5 an4 at tbe saae encl; 
10 I 1, 2 I 7, 3 I I ancl ' I t are opposite each other. 
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The points sb?ulcl be 1 boarcl froa top or bottoa of the stack for 2, C, 7 
' 9 ancl in the centre of the sicle of the stack for 3 ' 8. Points 1, 5, 6 ' 
10 shoulcl be just over 30 ca (1 ft.) froa the encl of the boarcl ancl 1, 3 ' 5 
an4 6, 8 ' 10 shoulcl be locatecl in clifferent pieces of. timber. 

Bach aeasureaent point shoulcl be aarkecl on the woocl with its nuaber using 
pencil or felt pen. 

If aeasureaent is aacle using a aoisture aeter with a haaaer electrode 
"ith long probes ancl an electrode with short probes the internal ancl external 

aoisture contents of the woocl can be aeuurecl u follows: 

Knock the long probes into the woocl at the positions aartecl using the 
h ... er electrode for 21 ca (1 inch). TheJ should both be tnockecl into the 
centre of the eclge of the piece of tiaber so u to aeasure u far as possible 
the aoisture content of the w~ in the aicldle of the piece of woocl one inch 
froa the eclge. lben the probes are reaovecl, the boles should be pluggecl with 
aatcbsticks to prevent drJing out of the woocl through the holes left bJ the 
pins. The aatchsticks can be reaovecl each tiae aeasureaent takes place. 

Surf ace aoisture content reaclings can be aacle using the short probes 
which are pushecl into the woocl near the long probes everJ tiae a aeasureaent 
is aade. For this the probes can be pushecl into a clifferent part of the woocl 
each tiae. 

Short and long probe aeasureaents are then recorclecl on fora 2 under 
position ancl S or L. 

In this way gradients of aoisture content between the inside and outside 
of the woocl can be deterained at clifferent tiaes during the drJing period. 

3. FORll 3. Seasonina quality record 

Where possible this should be coapleted by a trained grader. Defects 
are divided into five categories and after exaaination of all pieces in the 
kiln charge the grader should tick the appropriate category coluan against 
each defect. Definition of category of defect can vary according to tiaber 
diaensions and the general dryi~g properties of woocls. The grader should 
judge whether defect is saall or large for the particular species ancl tiaber 
diaensions ancl aark accordingly. lo atteapt, therefore, is aade here to 
define categories for each defect but at the bott~• of the fora space is given 
to put in an average tiaber grade for the charge. 

Case hardening shoulcl be aeasurecl using the prong test ~escribecl in the 
aain text of this guicle and in aost boots on woocl seasoning. 

If the quality i• recorded bef~re and after drying it is possible to see 
bow auch of the defect occurs during clrying. 
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FORK lA Teseerature & Humidity Mea1urement Sheet 
(baiiy kea1urement) 

Specie• •••••••••••••••• Chara• No ••••••••••• Timber Thickne11 ••••••••••••••••• 

Inside Kiln Outdde Kiln 

Dry bulb Wet bulb 8 a.m. Noon 4 P••• Remark• 
Max & Kin & Max & Min & 
ti• ti• ti• time dry bulb wet bulb dry buJ.b WU bulb dry bulb wet bulb 

'" ..,, 
I 



FOIU« 11 
Fol'll 

Specie• ••••••••••••••••••• Charge No. ••••••••••• Tllllber Thickne11 ••• , •••• , • , •••••• 

Ins id• Ki la Outs id• Kiln ·-
Date 8 •••• Noon 4 p.11. 8 •••• Noon 4 p .11. 

lemark1 dry vet dry vet dry vet dry vet dry vet dry vet bulb bulb bulb bulb bulb bulb bulb bulb bulb bulb bulb bulb 

~ 



FOIU4 2 

Species ....•...•.. , •.•.•. Charge No. 

Position l 2 3 4 
Date Moisture 

Content I s L s L s L s 

... 

Timb•r Moisture Content (Meaaurement every 3 - 5 days) 
Measurement Sheet 

. . . . . . . . . . . Timber thickne11 t I I I f I Initial Moisture Content (by oven dryina) ••••. 

s 6 7 

L s L s L s L s 

8 9 

L s L s 

10 

L 
Remark• 

' 

w • 
I 
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FORM l Seasoning Quality lecord 

Species ••••.••••••••••••••• Charge No. Thickness ••••••••••• 

Quality Category 

Defect l 2 ) 4 5 
lellarlts 

Surf..:e aiecks 

End split 

lov 

Spring 

Cup 

Tvist /Varp 

Collapse 

Case hardening 

Blue Stain 

Mould or 
other Stain 

Rote: Category 

1 • Very slight or no defect 

2 • Slight 

3 • Koclerate 

4 • Severe 

S • Very severe 
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IPPDDU 3 

cal~ratioa of loiatare Keter1 for Dif f ereat ~r• 

1. Tale 5 saaplea 25 • (1 hell) z 100 • (C iache1) z 12 • (I iach) 
along the graia (see Fig. 7 ia Mia tut of the gui.cle): tbeJ sboulcl 
M UoYe JR a.c. 

2. lith the aoistare •t.r aacl •-.er electrocle •uve aoistare 
eoat•t at I iach (6 •> iato tbe aicle graia of tbe 1aaples ucl tbea 
bock the proMs I iacla (12 •> iato the 1aaple, u4 recorcl the 
•uareaeat qaia. 

3. leif)l each saaple u4 recorcl weights for each. 

c. OYea ~ tile saaples for half u boar, cool, ucl reweigh ucl 
r .. uare ac with tbe •istve •ter at IN>t• cleptlas after the 
suples baYe coolecl to .-ieat teaperatare iuicle a plastic Ng to 
preYeat reai.or•tioa of 110istare. 

5. OYea ~ for a fvther half boar, cool, reweipt ucl reaeuare. 

6. OYea ~ for one boar, cool, reweigh ucl reaeuure. 

7. OYea ~ for !!!!. hour, cool, reweigh ucl reaeasure. 

a. OYea ~ for two hours, cool, reweigh ucl reaeuure. 

9. OYea ~ till weight is coastut, cool, ucl reweigh. 

10. Draw curYe of 110isture coateat agaiut tiae after calculatiDf ac at 
each aeuureaent froa the oYen clrying aethocl. 

11. Tale aYerage of I inch ucl I inch (12 .. , probe depths at each 
aeasureaeat ud coapare with oYen dry plot to get best scale to use 
on aoisture aeter. 

lrote: This aethocl of cali•ration should only be used if eqaipaent is not 
aYail .. le to carry out cali•ration, using eonstut teaperature/buaidity 
elaaal>ers or saturated salts which giYe constut e.a.c'•· 




