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CHA.PTER I 

The problem of securin ; wel l sensoned lumber to 

be used in furniture construction e t the Gklahoma Agri­

culturn. 1 ,s.nd K eehHnicr-i l Colleg e l an become mo1·e diffi­

c ul t in r. ecent yearo . In some ca ,~es the lumber rrwy have 

been i n p;ood conr1ition ·,~h em sh i pped f rom the 1.rnppl ier , 

but increnees in moisture content in tr~ns it , because of 

fin.mp wenther, made it <Hfficult to llf!le . It is impos~l ible 

to r et ~) in proper moisture pe rcentages 'hen lumber is ex­

pot,ed to high humi d ity conditions . Th is makes it impor­

t ant tha t tl1e lumber be dr. i ed '3nd r,tored prope rly a t t he 

p l Hce v, be ·e it is to t e u ed i n furniture c o rwtr:ictjon . 

BKLCCTIOJ:; U ' 'HC l-1, 0 J:H..I{M 

The pl 1rn to estnblish lumber dr y ir g f a cilities nt 

Gklrihoma A. & 1.f. . College has ·t;oe n c onsidered for a num­

ber of yenrs . The pro blem of securing g oo <i lum er became 

mor e a pparent during Hild juut a .fter t h e v. ~.r . The i e n of 

corrn' .ructine a mc ,lerr1 dry- ki ln and equi.pp jng it '--vit ll r:10-

dern e quipment h ns teen e~courag e<l t.o make it possible to 

dry the lumber that is used in t he s chool shops. 1-1. new 

cour~e in Kiln Oporntion cnn be added to the curriculum 

o f t he Depart ments of lndus tria.l ,\rta r.;ct uc ;i tion a nd lrnF i­

neeri ng ~hop ~ork , nnd the ~apartment of Forestry . 
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Origin of the 1- roblem. The recent efforts to ac­

quire t his ins t nllaUon were begun when t hEJ v, ri.ter of' this 

report ,u1aumed the responsibility of mon n.ging the Okl ahoma. 

A. & Y. Colleg e Cab inet Shop. At the r e quest r:nd with the 

support of Dr . De1.Utt Hunt • wh o is the: head o f the depart­

ment, t h is undert:) k i ng WF.t s begun. Corresponde nce vi i th ex.­

perts in t he f ield of d r .1- k iln inst::i.llation and ope n,t ion 

wa.1-, stJ\rted. The response received made it more appa r ent 

that such an undertaking v.ould be a sou.n<l invest ment nnd 

a profit nble undertnk ing. 

:Fea,sibilit,Y of t h e l 'roblern. Af t er considerinr, nll 

01' the aopect. s of t his project , it seemed a.dvieabl e t.o pro­

mote the i den. It was determi ned t h,,;t m1'tive lumber is 

~v n ilable for th e oper ati on of a emit 11 s ized dry- k i l • 

Th i s dr ying ctm be done on a toll b ~i sie , wherel;y the de­

p~r t ment cr-tn ~fccept a part of t he lumber au n fee for dry­

ing it . 'fhe f t1cu lty of' tho ':)epartJ ent of Forentry a t the 

college i s a str ong supporter in the proposal. Units of 
J • 

instruction can be prepared to expa nd the effi.cienc y of 

ea ch i,lepnrt ment . Heset:ii•cb \"JOr k c an be done ·• i th the pro­

posed rncilities hic 1 ,ould b e n servic e to the producer s 

of lumber in OklnlJomn , ne well as t he connumers. 

Dry- Kilns a t other Institutions. 'l'he first atudy 

of building p l alls '.'Uu:i mnde of si.milHr i r.wt .. d l ations a t. 

(') t her loca ti ono. 'Ihe ·Texas Forest .Jervice a t Lufk i n , 

'l'ex,, s h o s a d r y - k iln aim iln r t o the o ne in t h is propoaa l . 



It is ope.rated for experimentnl wor k J.tnd research. North 

Car )lina St P1te College at Ht\leigh. ~.~. c. has a d ry-k iln 
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in connection with U ieir Division of Forestry. lt is very 

sirdlar to the propos a l a t O.k -~ a.homa A. & M .• College. 11le 

length is ninetceu feet , the width , fourteen feet. and the 

height is eleven feet aud six inches. It ie e qu i pped with 

three sixty inch fans . Other .Sf}1oolo having dry-kilne a.re: 

(1 ) University of 'Florida ,. Gainesville , J.' loricla; (2) Oreg on 

St ;.. te Gollege 1 Cor·w::i llis, c regon ; {3) Clemson ;\gr1cultural 

College , Clemson , s . c.; (4) Alabmn,, 2o lytoehnic l11stitute, 
;r 

Auhurn , rUa.boma ; (t) Lee 1 a EcRa e Gollege, l:intmer Elk, horth 

Carolina; and possibly other s . 

It h ri a b een determined tha t dry - kiln innt n llations 

a t other collegeo ;, ncl univernit ies bn,ve been oue cessful. 

Ry hnv h1g the -manag er. ent of the .:ry-k iln delegated to tea­

chers in the G8b inet Shop , it \d 11 not be necessnry to em­

ploy a. full time oper :~to.r for it. The necessriry utility 

oeryices are availab le at the propooed building site. 

Attitude of the Depart ment. This venture ha.a the 

unified support of the Depar t ments of lndustrial ; .. rts .::;<1u­

e n tio11 nnrl }lng inEH~r i.ng Shop ·vork , nn d 1'oreritry. :~ervice 

c cmraeo for o th er deportmm t s c ,rn be ;)rovided . ::.peci a l 

r.hor-t c 0urse n e:m n l s o be arr,ingad for non-colleg e people 

who r?re interested in the pr oper ser.i1,on i.ng of lumber • 

. \ ttitude of the Administration.. The Colleg e Mimin-



istrn.ti on is favorribl e toward the proposal. The Golle e 

architect has been very cooper ntive in producing plane 
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And estimntea on the build ing. The Vice- President of the 

Co llege is a firm supporter of the endeavor. He has re­

cotr,mended the project to the Bu iness ranager and to the 

P.l'.asident with the added rec ommendBtion thAt funds be ma.de 

a va ilab le f or the erect ion and e quipp ing of the dry-kiln. 

Its cons tructions has been promised when the necessnry 
• I 

c ~pita l is available . 

I.ocn tions Coneidered . Seveni l loc a tions have been 

considered for the erection of th<:! p ropos ed dry- kiln. uther 

loc r~tions ad ~j acent to the lnd.y.stri.al Arts Building have been 

c ons i <lered as \tell a s locntions some cli ot:rnce a:way . ,,,fter 

c ons i deri ng e. 11 d et~ii l e , it seem!'5 anvisable to loca te the 

buildi ng Rt t h e nort,eaat corner or the southeast "tl ing of 

the building. This locNt io,n is eM1i ly accessible to the 

Cnl}inot Shop, and also to the driveway to the loading area . 

It is adjacent to the prenent lumber s torage :for th r.1 Cabi­

net Shop. Thia store-room has a cnpacity of a t least one 

d.ry - k iln chare:e of lumber . The cost of c om:itruction can 

be reduced by uah .,. the pr-e Bent 1.all of t he sbop a s one of 

the dry-k iln walls . 

Bu ilding El ans s tud ied. Building planr; , eubr:iitted 

by dr y - k iln manufacturers, and t ·hose that are a vail ab le 

from other institutions were examined, and the desirable 

fe a t urea of" e nch were recorded. A tentative plan was 
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prepared by the C(') llege Architect , af t er m,u. ing a Ht ud.y 

of these p l ans. This p l a n was pre ~ented to two major 

ma.uu!' acturers of dr y - k iln equi pment , an d WHB revised ac­

co rd ing to change s suggeoted by officials in these com­

pan ies . The pl ans were then submitted to the technical 

<>t c ff of t he u. n. Forest :Products I,al)oratory for i..tudy . 

:.i.he recommendnt ions of thi. s de prirtment were used in rna,:.ing 

furth er modificnti on s . From a ll o f the at 1dy ,md research 
·< 

con'luctcd , the ;,res ent pro poaal b a a been a cc e pted. Build­

ing plano produced by the u. s . )'orest .Products LAborR.tory 

were n l ao examirrnd . A number of dr y - k ilns t ha t are in ope­

r nt ion ,vere visi ed to d et -rrnine the efficiency of e a c h . 

Hequeat for Spec ific :i ti ona . Letters were sent to 

a ll of th e u anufucturers of dry- k iln e e;ui pment t hat. ar e 

r €g i s t ered. wit h t he u. s • .Forest 1:>r oduc t. s l.abo r ut ory. 

This list i n cl1.2d.ed eighteen mnnufncturers and proposa J 

upeci f ic nti c ns,. " nd es tim..,.tes were ob t.."1. incd from a ll ex­

cept one of these f i:rms. One f irm located in :,asb ington 

sent the r eply t hat it ould be inadvisable f or i t to 

mnke an estirnu. te on the inut nl l a tion bec ::iune uf t be dis­

t nnce i nvolved. It wou ld be too expens i y e t o oh i p equip­

ment suc h 8 g r eat d ista nce , nnd th n expense of the super­

v 1 sjng eng ineer woul<! lJ e too grcnt. 

} tudy of :Squipnent . An extens ive otudy has been 

made of al l t he a va il~b l · types of dry - k iln equi pment sub­

mitted by sever~l r.flnUfl'.'l.c turors . The princ i p l es of d r y i ng 

luml} er in a compartment type dry-k iln a re ":ell eotnblished 



i:rnd t he l,)roblem of· Re lecting e quipment.. t h;.:. t i s tlw moBt 

efficient, Hnd aell s nt a rea ·onable price h:-. ve been the 

eovernir g factors in the final d ee i sion. l t seems advis­

able to instnll t he moct moder n e ou i pment ope1·a ted fr om 
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on ~utomn t ic c ontr()l syste t . .\ number cf dry-k iln units 

that A!· e uoed by the v. s . ]for ,Gt J:>:roduets Labor atory ~1 ere 

exm,lined by t he ,rri ter in an effort to mAke the 1,roper 

recommendF1.tions for t h io proposa l . 

Delimitntions . The tiont of th0. reli c1b1e i nfo rrnn tion 

about dry-kiln constrvction rmd operat ion tha t 1a avaiJ.nble 

ha o bo e n prep, red by t he u. s • . Foree.t l-'roducts Laborat ory . 

The manufa cturers c>f dry - kiln e qui pment coope r a t e .,_ ith t h is 

l P. bor atory in develo p ing efficient e quipment and r'lc t h ods 

for d r y ing lumber. :S.'her e h u s t een a g r e~ t amount of tech ­

n i co1 m: .i t erir,l fJrepared :rnd 1)Ublished by the u . J . Jforeat 

}roducts Lrs.L ora tory, and it ia a va ilable to the public with­

out cost. other printed mn ter i a l c-1 :/bout kiln dr y ing Are 

n vailable from tbe t:nit ec i;t a tes Government rt inting Cffice 

1'1.t n smtt ll cos t. 

The ~r1ter bes f ou nd it necessRr y to confine 

t ho mRteri Pl i n th is report to the essenti a ls to use e s a 

f.?Uide for t he construct ion and opern t ion of the pro poaed 

dry-kiln for the Okl;cih oma. A. &, M. College. Tl:1 e above men­

tioned eosentials were c ons i d ered in the DtuJy made by t he 

writ e r vvli ile a t the u. s. :Forest .Products La borat ory. 

Btluc ,;t i on a l Values . Tb i s subject vv i l l be beneficia l 
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to the educntional curriculum only r:s n spe cial ized tech­

nical subject to be taught to o fe.· i nd ividuals who expect 

to become dry- kiln eng ineers. Also , there wil l be general 

educ ,-l tior1a l value to students of I ndustrial Arts Education, 

a nd Tr ade and ~':echnical cour~rns . Research wor k can be done 

in t he field of k iln dr y ing of wood . t;tudentr. of Industrial 

t1rta ~ducr1t ion , -111 be better able to understand thr: pro-

cess of dry- k iln operr1tion by o.ctur..l. ly hnndlinc the mater­

i al and equipment involved . 

!bis section is included f or the nll" pose of defin­

ing 'o:me of the tecl:mical terms t hat a.re used in t h is re­

port. Io mout c ., sea , these termn ~:re no t expl:, ir1ed where 

they appe~r in the report . 

Absolut e Humiditz , the actual m,'lount of water v a. ;. or, by 
weight ,, wll ich a. cubic foot of f.dr cont~ ins. 

Anemometer , on instrument used to measure the velocity of' 
air. 

Bound Water , water wb i.cl'i ia soaked up in the cell walls . 

Capillary Forces. those forces which tend to ke ep wn t er 
in \"iOOd . 

Case- hartleninr;, a cond ltion reoulting in a piece of uni ­
formly dr ied lumber in which the interior fil:ers ,ire in 
tension, nnd the outer fibers are i n compression . 

Cav ities, cells nnd pores. 

~' u t erm a pplied in a general sense to the minute units 
of ~ood structure . 

Collapse , an nbnormal shrinknge which r eoults in crushine 
of the ce l la . 



Compr esa i ou .oo d. , a lmo r 1:; n l \'tuOd fo r nH:C on t he l ower s h"'i e 
of branches a nd. l enning trunk s of s o f t wood trees. 

9 on ifer, a tree b eari ng seed c ones ; 1Jsu n. lly an cv er e;r r;: an. 

Conat flnt an, a n a l l oy of e r ua l pirt r, of nic kel and c opper, 
u sed i n .,nme elect.:r ic r esi s t rH'!C1':.' s t n 1d~r ds . 

Cr ook i ng_ , n. d ev L:.ti.o:n edg e wi ae f:r cnn a s trai f;h t l i ne d:.r Hwn 
from e nd t o end of a p iece of lumber. 

Dry-bulb, me a s ur es ~i r temperature. 
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Dry-k ill~, is c 0mp osed of o ne or :~. or ,1 c i:w mbero , r ooms, or 
tunnels in wb i. c h t empe r a ture s and r ela t iv e h um i d i tie a c a n 
be mai n t a tned. a t a ny cleaired leve l by i:,ean r; of either man­
ua l or n ut omutic control . 

Equilibrium ~ o i s t ure Con t ent, t he moi sture c ontent a t wh ich 
wo od neither ga i ns rio r loaea v-m t er w.b:en sur 1-ounded b y a i.r 
at H g i ven r elat i ve b uml <i i.ty Rnd temper,1t ur e. 

;:: s t a bl i ohed r. oistur e Co nte r1t , a v erag e moif, t ure c ontent a t 
the time of us e. -~~~-

:l!'iber ~at ur a ti o n HJ int, t h e moistur e c on tent a t wh i c h t h e 
cell wa ll is s a tura t ed vdth wat er, but uo l'ater ex ist• i n 
t he C(?l l c a vi t y ; u s u a lly a bou t 3 0% l uaed on t he oven - dry 
weig ht. 

Jtree ··¥a.t e r, held in c e ll c a vi ties. 

Gr !lph, a !>ict or J.131 r e pre nent a t i on o f som(~ da. t n . 

Green .'. eit!ht, we igbt of vmoc plm, tr1e ~e i. gh t of ,...;a t e r it 
contains. 

9xmnosl?erms, fru it or cone of a soft,,ood tree. 

Hea rtwo od , c onsists of ti ssu e which is rio longer a ctive in 
promoting t ho r i se nf a p in t he tr ee end perfo rms on ly 
mechar ica l functi.on of innuring strengt h to t h e tree stem. 

Honeycombi ng, internal c heck ing , \.Vhi ch usually d ev elops 
n l one; t h !: wood r ays . 

Humi d ity, t he a mount of. moiat ur o in t be n ir. 

Hygro tJCo :pi£, a bil ity t o hold moiotu r e Htld g i ve up moh1ture. 

~iyg ro s t at, tw 5.nu t r umen t i:1h i ch sh ows V :'1r i ~-t i on o i n a t mospheric 
mo isture. 
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l::edullary ;;ay ;:; , par;.i,l le l 1 t neF- or "b;;tH.h; wrd di t:=.xt end ;.ic r osa 
t he gr a in of the wood . 

lioisturo .. ontent , c a lcula ted by d ividing t he •might of water 
r-emoved by t he ov en-dry weight of the sec·t i on and. mu l ti ;,J ly­
ing t he quotient by 100. 

oven- dry .'/eight , weig ht a ft er a ll moisture is rewoved . 

lJ it , a rela t i v e l y unt l.i icken ed port i on of a cell wall ~h ere 
a t hin momhr.!'lne per mi ts l i qu id u to :pae~ from one c e1 1 1~o 
;_nother. 

1-' it-membr nne Open i nea , per rdt movemen t or mr:t. erin l f r om 
one c e ll to ~nother . 

Potenti omet er, an electr i cnl net~or k used for t}1 e rnensure -
ent of v oltqne, i n ~1 ich t h e fRl l of pot enti a l (vol t uge) 

ov e r r: kn own part of' a cnnductor is t a l a nced :,t,:a. i r.rn t the 
v olt nee t o be me~ sured . 

{avs . str jps of c ells ext e ndinp; r~d:ial ly within a t r ee . 
The r nys serve primarily to store fo od And. tr an ... port it 
h orizontRl ly in the t r ee . The rgye run in a r adin l dir ec­
tion nnd add s trengt h t o t he wo od . 

Rec order-c ontr oller, a c ombin ed. t hermosta t Hnd recorde r in 
whi c h the temper a ture- s ens itive eler.1e nt r egu l a t e s t be ai r 
t3upply t o the d i aphr agm- mot or v a lve !l_!1d :: l s.c ':'..'love~-. t h e 
recording- pen a r m. 

Relntive lium idit;y , t he Hmount o:r moi s tur e i n the a ir nt 
any gi.YG.n temperatur e :;ie coi::1,;?1u.·ed to th ,2- qua ntity it i a 
c a pable of ho l d ing u· saturated a t tiH~ sam e temperature. 

~)apwood , e nc ire l e s t he he~ r t ·mod aud i.a 1 i ght er iu c olor 
an1l genera lly light er in weight when oven - dr ied. 

:Jt. ain ,. u c h e mi c a l d isc oloration o f woo d n ;,pa:r on tly due to 
o.x i d t1 t in. Hnd a c cumul Ht i on or e.xtra ctiv e n uu {_ler c er t ai n 
c ondit i ons ,.1:iring ti:~~ ~.! i T dryinG or \ 1111 d:r-yine oI v ,, rious 
s pec i es. 

:3t iclcera , s tr ; ps used for H ie uu.r p oB e or s ep~rat i ng t 1e 
b<) Rrdo ;-pr ov i d i ng a p n ce f or dr y:i. :ng n i r c ur r ents nrnl n es i st­
i ng i n lce e plng t he lumb e r otre i gh t nnd f l a t dur :i.ng the 
~l r yi ng pr oce c~ o . 

T~r,iture, t he d eg ree o f hot nenB Clr c o ldne!:S of a GU.lJ­
et c nce, menouring th n intensity . 

Th e rr:1 ocoup lo, c ons ists of H pa ir of di s simi lar meta l s joined 
t oget her :l t rme e nd . '1'h e differ enc e i.n el ectr ornot i ve force 



(microvolto) bet eon this Junction and t he junction in 
t h e potentjometer ie n e ~sured by the bnla ncing mechanism 
or the potentiometer , :, nd thE> rcr~ult i s rer,d in degrees 
o:t· tempe r ;, t.ure . 
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J:herrHH tHt, an instrm ent used t (, coi trol tempera ture . 

Tr1nsitorx Cell Wall ~RG!a~eways, exist ~ itbin the cell 
wall only \,,h en a liquid separateH the eubmj croscop ic com­
ponents nf the wall ant disa ppear ~hen t h e li quid is re­
n;ov ect. 

Veneer, t h in , beets of v• oo cl. cut :i.n one of three v~l:lY B 1 

s aw inG, slicing , or rot a r y cut • 

. :up , Fi.HY va.riation from t h e true or pl ane s urf.nee. ;,v.rp 
incJud e<1 crook , tiow, cup , ;;r1d twi t, or a uy c omldnn tion 
or t i:i ese d efectt, . 

~·et-bulb, me:u:Jureo t 'be rmwunt of m isture in the n ir. 

et-1::ulc n en ·01:wion . th e d ifference ;et ,-;een the wet- bu lb 
tempernl ur e --nu <lry- bull> temperature . 

PormulAs Used for Ct!1,p_ula tion~. Jt L necessn r y 

f or t h~ dry- ki l n opera tor to underst a nd Rnd be «b lt to 

u s e th e follow5 ng foruiulas in order to c o ntrol the pro­

c:ens en ·nvolvEid in t.he dr y ine: nrnt cond itionil1g n:f' lumber. 

'l'hea c .fori-1ula s are obtained from bullet ins tha t were pre­

pn.r ed by t 11e ;; . s • . i ores t l 'roducts Laborat ory. LHtte r 

a ttreviu t i o n s ~ill be us ed to maKe thes e f ornulos aborter 

a nc \; ill l)e li.,tcd b elow. 

~ c. % ; . • • • • • • • • 

c. c. .D. 
,. ., . • • • • • • 

c . t.· • u. • • • • • • • 

B. 1: . % • ••• • • • • 

. ·• • • • 

. Moisture content in percent. 

• Calculat. cd oven- dry \~eig bt • 

. Gurr ent 1oiature content . 

. HelRt ive h umidit y in percent. 

• Hhr in knee in p ercent. 
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y •.• • • • • • • • • . Fe r abolic curve. 

/. Vf" • lt • C. . . •· ... . ~ver ep e moi sture content • 

C • • '<!. . C. 

Jhrin.kage 'fo 

y 

' ' .le , . c .• 

C Orifdr!flJ ·:t. - nver1-dt:LJt. 
., ,.3 -· t X 100 oven- 1..,ry , • 

ca Green ·pt. ( or __ _£urrent ·w t. ) 
11. c. in ,i ;rioo X 100 

--
-

cu~rent wt. - c.o.n.~. ·x 100 . (', D ., · --c; . ,I • • d • 

. Part .i a1 i'resoure 
Snturnted 1.' reasure X 100 

111 Green Di mension :- ::Jrv. 11 l.mensJsm A 100 
Green D1meno1on 

--

--

3/2 ( average M. 
(Y E . Ni. G. 

M. g_. 

c . - ~. ~. C.) I £ . hl .U. 
f ... . dtl, ~ 'i ) o .,., 1 · i1,. c u:ness 
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CH APl'?~R I l 

The dry-kiln operri tor flmst h a ve some kno wledg e of 

th0. otructure of wood nnd what t ,; kes pl a c ·e VJhen it dries 

in order to control ki ln conditions . The phyeicnl features 

of various :.,peeiea of wood differ. The kiln conditi ons 

must te nd ,juated. and 1na int i-i ned f or the par ti cultu< specie 

being dried. A definite schedule must be fol lowed to pro­

duce desired results . 

~TRtJ..;1u1m OF ',,OOD AS 1T lti iU~Li,'l l.>il) 'I'O ~1.A~vrUG 

.'ood is a complex natural mater i nl that is built 

u p by a living plant . tree grows by producint,; cells 

f rom living tiaauee. These cells are deposited in layers 

• round the previous se~u,on 'u growth . These new layers of 

grn '..- th »re kno.~m a s onnunl ring s . Th e texture of t h e tree 

chtmg ea a" t11ese ring s c ontinue t n form . The outer l !iyera 

a re so p- wood an d the 1.nner pa.rt is he :trt - ·wood. ThG heRr t­

wood comr oses all except a.bout eight years gro ,th of the 

tree. ·,'iood is cla ssed as soft - wood ~rnd hnrd- wo od. Soft­

wood come~~ f r om treen t h at are called c oniferous wh ot1e 

fruit is a c one (g ymnosperP·, ) . Hard- wood belonG., to t h e 

group of n ng io-a ,>JH·ma . 

Ju>isiure x>aasagewa;xs. L'~oisture movern in v11o od t llrough 

severa l l i ,t inct k inds of pa aaaeewuys, ~1 ich c unatitute 

the c apillh ry structure. ~mne of thes e passage i1Jays in cer-



t a.in ~ i nds of 1.rnodti art:; lr., r ge enougrj t o he v:hi:i.b1e to tbc 

naked eye , some may be t,een only t b r oue;h strong m. icroscopeo , 

1n1d other s ::i t: e p:nrnent on ly ~r~en t he cell. ·r t: llH i:irf, s woJ Im1 

b y w,1 tcr or lrlOlT,t: o t her n1 el li nb .ngc nt • 

.Bound- wa ter i111d F.ree- wnt er . 'Jood contai us bound­

water trnd free - lllater . Bound - wa.ter moves in the cells ancl 

bet ween the cells by diffusion, whi le cav ill~ry acti on 

c a uses th e f r e e - wa t e r t o esc t-ipe tbr ougro coJ 1 C B V :i t iea 11 

p it cham1.;er e , ;u1d p i.t-rt.t.!m.l::rane o per.inga . '£he d r y i 1D by 

d iffusion t <.ikCs p lt. ce only af t e r tile fl·ee - w.n'Ler· h a s ' ·e en 

r e1r:1)Ved by CNp i l l a ry a c t .i.cm . 'l;vo 'types of <ii fft1s1.on t pke 

plr:ce in ctr .Y ing ; more thr oug,1 t h e trana it ury cel l ... ia.11 paau­

a g~3\1,;:,. y s a t lo,., ter\pera ture , and l a rger palH3a{.~e'v;a.ys a t h i e h ­

ex te:rn.pBr ut ures. .D i f fusio n is slower i n he :e:t.r twood than 

in aanw ood lH~ca use of ob ntruction in t he p it - meu braneo in 

t he henr t v;oo<l . 

Direct ions of 1-toistur e i.'.o ven:ent . Jfoj s tu:r· ,.: pHso,ige 

t Ake s p l ::1 ce both lonf i t udinn lly and 1a.ter:d ly t hruugh c av­

iti es. p it chmnb-.rs , pit-membrane openings of' v1ood Cf: 11~ , 

paB$agewRyn may ~on at i tute from t we~ty-fi v e percent to 

e:i ght y - five percent of t he to t a l volume of t he wood. . 'l'he 

wooJ 1~ l1n v 1 flt~ t he hi gh er per cen t nges have Lh e lower specif­

ic gravi t ;. 1'he Vruter paeisu ·~e i rJ fii'teen times g:r .-!n.tnr 

l ongHud ; r :"11 ly t hHn l utera l J.y . 
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Gavit iea. The c :!vi U . e s c·f fibers rwd ves sels , a re 

a t timea visible to t he nnkl-~o eye ( aa a re the lnrge por,es 

of some hard - woods an d at oiher time s kre s o sma ll tha t 

a n iocroacope is r equired to see t hem . These cavities are 

f i.l l e<l wi th free- :vater Bnd a i.r . l'he free - water move "" from 

cell to cell until the .fiber-saturation po i nt in re :::: c hed , 

a t which time the rema ining f r ee- water i s absorbed by the 

cell -wal ls . 

·,:,'ood- r ny Cello. "~Jood- ray cells may be seen only 

with ~ mieros c ope . Lare e wood- rays c r.,naist ing of many 

c ells nre orten visible t o th e n a ked eye . ::ood r uys ex­

tend in a r a -lia l direc tion ncroea the \\m od, and are uoually 

:found in vertical sr1eets. 

J>it Chambers . Pit c hambers nnd their pit-membra.ne 

o pening s permit th e movement of n materir:11 from one cell 

t o rmo ther. ;'it chamb e r s are vi s ible on l y under n micro ­

sco pe • a nd p it .. membrr-me opo ning <'.> ar e o f t en invisible under 

t he highest - powered mi c roscop e. Free-water and a lso v apor 

~ave t hro u1th these openings . 

Resin Ducta . Heuin ducts are s ometimes visible to 

the nnked eye, tut the intercellulnr epa ces are vi sible 

only un 'l cr a microscope. 'rhese d.uct s retard the mover:tent 

of ·w a ter t h r ourrh the fi bers. MJ the h enrt - v,ood becomes 

dormant. t he spnces are f i l l ed with n d e posit of rea in . 



15 

Transi torv Cell - vmll l'f-H3&ngewny;s . Th ese passages 

exist within the cell- wall only ~hen e li qu id sep::irates 

th e t.mb-miorosc opi c component o of the '(, a l l , n nd Urrnppear 

when th e li qu id i s removed . Thes e prtsea.geways ? re invis­

i hl e unde r nn or dinnry microscope . 

Cince t lle botmd- 'inter in a piec e of lumber mu s t pass 

thr ough the cell walls f rom t he cel l cavities a s a vapor , 

the process is r ri ther slow. It is impossible to force 

the Yiater too r ap idly f r om t he cello of t.he wood vi thout 

damage to th em . Forced drying co nd itions must be kept bal­

anc ed iind uniform t hrou, hout the dr:,iing per 1 od. A r_aoiature 

regain C fi.n be e:x:peeted in the s ame manner when dry lumber 

is pl a ced in damp conditions . 

JhTHODS OF 1)1~'.I'EHJiJllH m M0l ~1:Ufm CONT ~K'l'S 

The moisture cont ent of a. piec e of lumber VJ i 11 limi.t 

it a use to a certain extent. t:'>ome types of c onstr uction 

require a 1.ow mois ture content wh i le others d.o not. The 

purpose of the dry-kt ln ia to reduce t he moisture content 

below t he po int t hat it v: ill nnt urnlly asmu,1e, or to reduce 

it f rom a. hlgb percentage to some lower percentnge in a 

short time . Two gene r ~l met hods are used to determine the 

amount of mois ture eontnined in a p i ece of lumber ; namely, 

t. he oven- drying ., oncl the el ectro- moisture meter. 

oven-dryinr,. oven- dry i ng is the t.tan<lnrd and most 

reli n ,le method used in deter mi ning t be mo i s ture content 
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in wood to be used in the c onstruct l on of wood products. 

The moi s ture content L , c :l lcuh:.. ted f r om ,., e i gbt va lues ob­

t a ined bef ore n nd a f t e r dr ying a sample of tbe wood i n an 

oven. Th i c:-1 r;:ie t hod consists o f aeleeting representative 

nar11ple boa r ds or p i eces f rom the material to be t es ted , 

cutting moisture sections from each aa.lllp le , weighing them, 

dr ying them in an oven to constant we i ght, weigh ing t h em 

a c a i n , f.l t'Hl c~ lculn ting the moistur e content. It is impor­

t nn t t hn t theE1e sampl en Rre represent a tive :m d of suffic ient 

numbe:r e t :1ken a t d i ffer ent p l a c es in the kiln lo a d t o in­

t'lu r e a n n ccurate test of c ond i ti one of the l oad . 

These srimple or mo i sture sections shoul d he 

tn ken from a boa r d at a d i stenc e of at least t wenty i nches 

f rom the end of t h t> 1:Joar d beca use t h e dryin g ia more r ap i d 

at the end s of t he boar d . Sectionu shou ld be a pproximntely 

one inc h thi c k for one-inch lmnber and t wo inches in lengt ll 

for d imension s toc.k whe r e t he croas-sect i.ona l dime n oio ns 

a re one inch or les s . All samples sh ou l d be cut on a c ool 

running ba.ndsaw and loose s plinters and s awdust n.houl d be 

rer oved . The \\e i ght o f the nmnpl e whou l d be t a k en i m .. e .. 

d i ately to g et th e ,, e ight before evapora tion t nkes p l tice 

:fr om t he end gr A. in . When n number of samples must lie cut 

before weighing , e a ch sample eb uu l d bo wra pped in ti luminum 

foil or s amples should be sta c ked with th e end gr;,t in of t h e 

sect i ons toge t her to prevent evapor a tion. J1l.l we i gh ts sh oul d 

be made in gramn with a. tr ipl e - b ea.1 ba l nnce so t.b o.t CA.lcult-l.­

tiono u. ill be s inipli fied by t11 decimal system. 'lhe \'i eight 
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should be mnr ked on e :-i. ch aect ion ·>nd. recorded on a t abul r~ ­

t io n sheet. 

:;cctio11s should be placed in an oven at a tem­

per a ture of 212° to 221° fahrenheit (100° to 105° centigr ad e) 

and tlrie-d until ti conoto.nt ijeight io r ,J ched . Low- density 

woo~e wil l usual ly dry in twelve hours , and high- dena ity 

wo ods in about forty-ei Ght hours,. The weight of each sam­

p le shonld be tak en and recorded a. a soon a s it i s r emoved 

from t he oven t o prevent nn er r or \"'ihich cou ld occur from a 

moisture rettain. (Uae the minimum weight of the aar1ples 

recorded , and t ·.ke this read ing ns rt lnrn i s for determining 

schedule for drying . ) 

!he moisture c ontent of thf~ wo od is cnlcula ted 

by dividing the :•i e i gbt of the water remov ed by the ov en­

d1·y we i gh t of the s ection a nd multi ~·lying the quotient by 

100. '.1.'he 1. ei ght of t he wa ter e q 11n l s t he orig inal weight 

minus the ov en - dry weight ot' th e 1:1eet i on. 

M.o i sture content = urj,_ginu,l weight ;:-__ oven- dry "eie;ht X 100 
{Rer Cent) v"ven- dry ,~eight 

An exnmple of mo i s ture c ontent colcul ntion ia a.o Fol­

lows: A one-i nch section of kiln-dr ied block wnl nut lumber 

weigh e <l 56 . 5 grams . .After oven-drying, t he sec ti on we i ghed 

;roisture content. 56.552.;2.5 ;.{ lOO 

.. 4.0 X. 1 00 52.5 

- 0 . 076 X 100 

- 7.6 percent 
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l;ben elide-rule calc ul r; t i onG arc desired , t he follow­

ing formula may be used: 

Mois ture c ontent • vriginal !i§ieht _1 .,( 100 
{l-'er Cent) ,}ven-dry t eight 

Moisture cont ent. 

• 

-

~>f> , 5 -1 .£. 100 
52.5 

{1.076 - 1) X 1 00 

0 .0'76 . 100 

?.6 percent 

7.6 pPrcent equal s the percentage of water rema ining in the 

w0od , ns c ompAred t o the weight of the kiln dried sample . 

Electro-moisture Mnt er. The electro-moisture met er 

metr1od of determining moisture content ia the most rapi.d , 

but is not a.a t1 ccura te nnd reliable as the oven-dry 1:1ethod. 

'l'he resisti:ince -type ueter is renoonnb ly accurate in measur­

i ng r, oisture contents of ood c ,:; ntnining from seven perceut 

to twenty-five percent . The wood a ct s as a resist ance ele­

me nt in t. hc electrical circuit of t h e moioture meter. 1-.,eed­

les nre placed one - half iucli apart on the retaining bar and 

obe and one-fourth inches between the pairs . These points 

should be about five-sixteenths inch in length nt.id. ;,, laced 

in t he ~oo ~ so that t he current ~ ill flo w parallel to the 

gr 5 n . The curren t wi 11 flow betwe en the points ·wh ere there 

is th e v r e :-tent .:. '1otmt of mo isture becrnioe there .iB less 

resiat A.11ce. These instruments are calibr ated to g ive the 

moisture content of veneers by p l acjng one contnct point 
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on each s i cle of th e veneer , t hus measuring the resistance 

through the layer of wood . 

Anoth er type meter ia used '?.h ich ind i(' a tes the 

rel r> t.i on b et ·1HH.m t he !'fwi.f1t ure c onten t ;1 nd d i t~lee ,ric c on­

stn.nt nnd L:, known a s the c a.paeity of radio-fr <: quency power­

lose type. The radio-frequency current is establi shed in 

a va euum- tul,e circuit rm ,,: applied. to n oomlerrner v.,h ich is 

prenaed againot the surfa ce of a board. The dielectr ic prop­

erties of th e wood cause n reaction which is ind icated by 

a current meter. 

The aecun icy of moisture ... meter deteru; ina ti ona 

are a ffected by: (l} species, (2) s pec if ic gravity , (3) 

rr:oi s ture di etributlon , (4) thickness of ma t eri a l , (5) tem­

perature .,. {6) conta ct, ( ?) gra in direction , {8) high rel­

a tive humidities . (9} m.unber of measurements, and {10) the 

peraor:ml elementl:i . 

The moistu r e mete r i,ho ul d. no t be used as an 

instr 1me n t to co ntrol tbe k iln - <lr y i ng seb edu l e becauae in­

accurnc i e :;; may occur. It may be us ed. in segregati ng lumber 

i n t o moietur-e co ntent r nnp: ea before k iln drying or f or find­

ing the averag e moisture content of a. charge a a it ia t aken 

fr om a k iln, provid.ed e nougl1 samples nre ueed to r.rnke the 

test reasonal:ly reliable. !lost t odern moioture meters will 

check to • n a ccura cy of p l ~s or mi nus one percent. .b;ach i n­

at r \lfilent ,, 111 be supplied with instruction~ and charts for 

correeti.on s or a ,plic Hti on s to be us ed in testing t he lumber. 

Lost moi s ture meters are ca libra ted to read f or DoUglas fir , 
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but .r.tre ~ut1pl 1 ed with cc rroct ion t a ' .. les to b c uae<l for other 

species of woo~ . 

Slffi IN ·· AGE OF WOOD 

;;1'1rir.ikage in the dry ing of v,ood. is ;:roportional to 

the runount of moisture lost below the :fiber ... uatuirat ion 

point . There is no swelling or shrinking of wood no it t akes 

up or c ives off ~ater above the fiber-satur~t ion point. This 

point is about thirty percent in most woods. AO a pi ece of 

green lu 1ber dries it sterta from tl,e out ti lde ~ ... nd soon has 

a much lower percentage ot· rnoiuture near the surface than 

toward the inside . In this case shrinkage will start near 

the outside while t.he inaide t1till remains above the fiber­

saturation po int. 1'he method of drying a board mny have a 

marked effect upou the tlmount of shrinkrJge produced ciur ing 

the process. 

In drying wood to a mo i ature content 
of fifteen percent~ one-half of the 
total shrinkage takes place; while 
in d rying it to s moisture content of 
six percent , f our-f'ifths of the to­
tal sh ri nkoge tiakes place •1 

Lumber trrn.t is to be used for outside construct ion 

o r fr r~m ing sbould be dri !f!d to about fift e en 1,ercent moisture 

content. iance this is about th1:: HVerH{:e ;rnrceritage that 

wi l l Cf~ IDf:intained t hrough normrAl wer.ther c·on ditions , a 

s .; a.1 1 amount of' additional shrinkag.e or expansion will t ake 

place. ·:-;hen lumber ia dried to six per cent, addi t ionn.l 

---------------·-----
l. ::Jhrinkage of ·~'i ood• u. G. 11'c;rest :;;:·roducts Laboratory, 
Bulletin No. Rl 650 , page 2. 
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shrinkage will not take pl&.ce due to a ,moapheric conditions , 

tut expa·noion. ,; ill re oult with the increE1.se of moioture c on­

tent. lhese factors mus t be taken into coaeider n tion when 

projects are r:1nde especially those ha ving moving parts,. ouch 

Tangent ia.l Shri nkrtge . The g r eF1 test amount of shrink­

cige i e j n the di. rect.ion of the annua l growt.11 rings ( tangen-

t !ally). Thie type of shrinkag e is of most importance be ... 

cause most of t11e lumr.er ia f l at-aa.\"lOd . Tangential shrinkage 

io in most cnses about t wice as great ~s r adial shrinkage. 

~ercentage of $hr1nknge DUe to Dryipg 
(Given in pereentege or green aize) 2 

~~green From green to 
to a ir-dry c ondition Direction of Shrinkage oven-dry (12 to 15 percent 

____________ cond i_t_.i_o_n __ n...;.lo_i_~t ure content) 

Tanr,enti a l • • • • .. • • 
Hadial • • • • .. • • • • 
Longitudtnal. .. • .. • • • 
Volurnetr ic . • • • • • • • 

• • 
• • 
• • 
• • 

.._:ercont £! 
g ~('-Jill size 

4,3 to 14.0 
2.0 to 8. !) 
.l to ') 

• r..,.. 

? .O to 21. 0 

--

.i.;ercent £!_ 
g ree 'l ~ 

2. 1 . t o 7.0 
1.0 to 4.2 

. or.· to .l 
:s. 5 to 10. 5 

the {U'r-d.n o f the -wood. This type of •;hrinkng e in n bout one­

hn lf to two-thirds ,rn r:meh :rn nlonr: the grn :in. Lesa a .hr ink­

a t ·e t nkes p l r1 c e in QU.::1rter- a~wecl thErn flat-sawed lurober . 

2 . ~hrinknge of ·:.ood, u. ~-; . }!'orcrnt i:n ducts LRborntory, 
Jiull e thi 11 0 . 13G;; , png e 1. 
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. uod-rny cells r;hr i n k chiefly ri l orw lhoir l envth . 

1. ongi"ud i nn~ :1h rink1.!11e . 'I'he lonc it11dinal el1ri nkage , 

t h.it i ::, :. i t h tr; c gr ,., in , ~1Mom1ts to nnly o ne-tenth to t:~o­

t c.nths of otw :)"!"cent o:t· t ho l enet h uf trie Loa r d . Gr (;:-:- te:r 

l onv itudin~l s h t'ink~ee occura v:h en the boArd is c ·ross- gr nin-

lonfr, itudirrn1 ohrt nknge . 

!Qlumetr ie ;.;hr inkago. The v olume o f H 'bo t-:1nl decrense s 

up to t wenty- one percent i,,lien cha ng i ne, from green to oven­

dry condit ions . 'lhis i n c ombinnt,ion o f tile :icove f.J c tors . 

'.i. Alll.."& II 

- -· 
:fame of ,rmod 

and 
J ocn l l t y grown 

.8h - 'T ennesse • • • • • • • 
Basswood - l isc nns in •••• 
Birch - i·ennsylvn ·iin •• •• 
r~l m, •.Jh i. to - ·, 1sco.asin ••• 
Gum - G~l i for n ia •••••• 
"'a . l e ~ 7icconsin •••••• 
(1nk.1; ,hi te - Ar kansas . • • • 
,'fil.nu t, .n l ac I{ - J:ent uc ky . • • 
Ced~ r ·- r·ontan.a . • • • • •• 
Cy pre n~ - Jnui aiana ••••• 
~'ine. ·;thite - . isc onoin ••• 
~' i n e . Long lea f - Uiseiss i ;)pi 
Hedwo o d - Cal i forn i a • • • • 

.:t . p e r 

Xiln 
drl 

2? 
24 
45 
3 5 

42 
46 
41 
21 
3~:S 
26 
38 
23 

Cli . 

Air 
dry 

28 
25 
47 
35 
36 
4 4 
48 
44 
22 
34 
2? 
40 
24 

-
Percentage of 

ft . -lbs . s hrinkace 
from green t () ---Green oven- dr.;y wt . 
Hndial Tangeu. 

46 4 . 2 6 . 9 
41 6. 2 8 .4 
59 6. 9 8 . 9 
53 4.2 9.5 
46 7. 6 1 5 . 3 
56 3 . 0 ?.O 
5 J 6.2 B.3 
58 5 . 2 7. 1 
24 2 . 5 4 . 6 
51 3 . 8 6 . 0 
39 2 . 2 5 . 9 
42 4 . U ?.5 
38 ---

... ... _,._ .. .,.. .. ,......_ --~- _....__ .... 

~)r y i.nt--, decrease s t ho w-e i ght of t he r;reen wood bee· ULi e 
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t .,.,,enty-fi ve to :forty percent or ita wei ght is water . 

Table II aho\cva the relat ive we i ghts nnd shrinkage of some 

of the woo<i s in common uae. 

It 1 s possible to oelect the proper vw od for 

construction work when the recitlirements are kno~m and tbe 

amount o'f shrinkage tha t can be expected in the different 

kinds of lumber. The wei gbt of wood is ael dom cons i dered 

when mr..iking a s election of lumber for comn1on construct i on 

work , but mu s t be considered when used in a i r craft, bo at , 

a nd other simi l ar construction. 

In general . the heavier species of 
wood shrink more Heroes the grain tha.n 
the lighter on.es. Henvier pieces also 
shrink more thnn lighter p ieces of the 
s ame species. \"hen shrinkage is more 
of a factor than hardness or strength a 
lightweight npecies should b e chosen. 
'.!¥h en both hardness or strength and low 
shrinkage are very important, then the 
exceptional specie-a, such a s black lo­
cus t,, sho uld be chosen. 4 

A study $hould be made of dim.ensiom,l changes of 

wood ''lhen shrinkage, hardness, a nd strength are important 

fActors in construction work or other uses of wood.. A 

knovi ledg e of dime nsional changes 1n wo o <l obould be con­

sidered in all constructi on . 

··•.ARPAG.b; I U WOOD 

\Va :rpage in wood ia caused by uneven shrinkag e and 

improper lumber p i ling . War page may result i n any one or 

more of t he following ; cupping , bowing , crooking , twisting , 

4 . BuJ.letin lio ., ·1363, QE• £.!!., page 2. 
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or d i amonding . /,ny of the a3 e c ond. itiorw 11', Ul proau c n jnfer­

ior l urnl;er . Cu pp ing r11ay resul t f r om e r ent e r s h r i n kap. e of 

t he outer f a ce of a plain - sawed board or from uneven dr ying 

of t he t wo f Hces of a boa r d . The ot her t ypes of war page 

are c nused by i r reg ular i tie::,; o.f t he str uc t ure of t he wood.; 

such ts , s p i r a l. g r a in , Rnd c ompression wood . F ig ur e 1 

oho vi •" th t::se k ind a of vm.rpag e • 

.:£!,na.ge Caused E.l ·sa rp ing. 1.\uch v n l u r1 ble l. t.m1u er is 

l ost bec a u s e the de s i red t h · c !rne nD Ct~nn o t l' e o r: t rd n ed. due 

to wn rpt1r e . Jrrep,uln. r I ong i t adi ria l shrinkage C t us es bow­

i np: :i nd c r ooking of a p i ece of l umlrnr . Compr es s j on wood 

may c aun e P fi abn or mal a mount of' long i t udinal shr i nkag e . 

~ i mi z i ng, Wa r page . \r;:arp ar~e ean be min imi z ed to a 

grea t ex tcm t by prope r s t r:F·1d ng nnd d r y ing . l t s h o u l d be 

stacked i n n n o r derly ma n ner n s soon a s it i s s ow e d . Th is 

will be d h ,c u:._n:.ed l' u J l y i n Chapt e r Vll. .i:'ro p e r ur yiug c o n ­

d itions ·d11 reduce the a.mount o f p oor lumc er c «used f r om 

wa.r paee . 1".u ch c upp i ng ca n be .-, vo i ded dien t1 ro1rnr nir c ir­

cuL t ion i.s pr ov i d e d on b o t h f a ces of t.h c lunrner i n the dry­

k i ln . ~ o de rn t e dr y i ng c oadi tj on n in t he kiln wi l l a l s o p ro ­

duc e l e 8- s war pn ,.~e t b nn severe c on.:; i t l ons . .Lumb er t h ri.t is 

pro p er l y h a n d led i n t h e >ri l n o r i n n i r - d r y inp; , iJl g :i.ve r-mch 

be1.t er results t ha n po or ly hrm d l ed lum1~ er . l! uc h l m:1b er l oau 

c nn be a vo i ded b y usin~ a ; proved aa~ing me t hods . 

LllM.lfrJR ~J'l HN ~S 

tlneven stresne s.~ s et u p in lumber by inipr oper dxy ing 



r:~: - ~::'.- F : ::~-_: :- -!) 
MAX I MUM D E FLECTION OF 

SQUARES TAKEN AS BOW; 
CROOK o 1SR£GAROEO 

''=---=--:-~E _-_ . p' 
=----~ ------ ' :: - - - - - - - - -· 

/ 

POINT OF CREATEST 

~-=-£_-_~_E;L_E_ ~-TloN }? ___ -__ -........,~"::~~~ ~~ -~ =---- -----
C'?oo fr' 

R I SE OF 
FOURTH CORNER " 

'<di;;;;. i!IIIII- - _?ff:_ ----~' _ b, 
r/1/1sr 

.• [ ' 'r 1" 
I . ; '] :~ } : l . 

• > l ,. t 

P OIN T OF GREATEST 

DEFLECTI ON 

CUp 

'• ~ 

' 



26 

and conditioning will r e sult in wnrpag e . Tbe pro per ·. ime 

to ,.ensure 1,m d -re lieve stres ses is ·,hile the lumber io still 

in t he k iln . The relief of stress will he d i ~cuc sed in t h e 

cond iti oning treat ment i n the opera t i on of the k iln in 

Chn 1,tcr Vl I . 

£.ffect of ~tress. ;;tress will cause a C. i utortion 

of l umbe r ,th ile it is b e ing processed. ·.~·hen more rr..r terial 

i:3 r emoved fr om one f A.cc of a boarti t h.in t h e o ther H gr eat 

ar:1otmt of c u i-: p i. ng may result. Lt.unbcJr in s tress will _pro­

duce cupped bo ar ds ~·.hen resawecl . 'lhese c ond itions t1 ill re­

s ult in mnny rejects due to thin mat eri nl v.hen processed . 

!;ome ot r eoo mny occur i n properly dried a nd conditioned 

lurnl~er (Jue to humidity conditions where it is s tored or 

u s ed. 

Testint; for Ct r eo~. Stret-1s secti ons may be t ak en 

from s am.plea in the dry-kiln to dete1·mine the amount of 

moioture in t be shell of tbH boa.rd and the core. ,Jhen 

there is A gr ea t mnount of difference in the moisture con­

tent , stres s is bound to occur . Il' i g ure 2 illustrates the 

method of mak ing streus sections . Tho $CCtion showing the 

f ina l mo i sture <l i ntribution is made to test the mo i i.5ture 

cont ent of t he core 1u1d t he shall by oven- dry i ng a nd. c a l­

cu1E t ing t he percentage of mois ture of' e ach . 

Casehardening . Canehnrden ing is a c ortz~ition result­

ing in H p i ece o f uniformly d rjed lum.cer i n 1vh ich t he in­

t e r i or f ibers Are in tensi on nn d t he out e r fi tere a re in 
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comprension. Caeeha rden in, ie evi denced by the appearance 

of surfa ce cl e c ;dng nnd excessive wn.r p ing and twist j ng dur i ne 

the drying process . Thia condition m.ay result frc,m a ir dry­

ing or kiln drying of' lumb er. 

In et,., rly ntngea of its dev elopment 
the shell is shrinking Hcc om.punied by 
au.r:r~ce atreuaes. If these become 
severe enough, the wc> o ... fractureo 
and surface checks a pp enr. 'l'he 
more r ap id the surface drying is 
compcJrod wi th the core the more like­
lihood of creating severe caseharden­
ing nnd. surface chocking. Ha.rd re­
fractory v;oode caaeha.rden and check 
more aeverly tl1an the sot·t textured 
ones. 5 

A test muy be mad.e for caoehardenint; by the mE~thod 

indicated in F i gur e 2 of this chapter . lf lumber is caee­

ha rdene<1 9 the outer pronc s of the nRmplc v, ill turn in when 

tho center one is removed. Cnschurdening r,1ny be minimized 

by proper drying and humidify! ng. ,)'hen c nseharden inf : does 

appeHr in a dry- k i ln , it may be relieved by the proper cou­

.. itloning treat rnent ~h ich will be d iscussed fully in Chap-

ter VII . 

Heverse Caseharp.ening. neverse casehardening occurs 

\s1hen tr1e c onditions or n. ptece of lumber ::ire the o:µ po uite 

o:f CH}3eha rdeni. ng . If too much w~ter 1 t1 n tsor 1ied d uring the 

cond ition i ng treatment to relieve c e.serrn rden:ing the outer 

surft1ees wi 11 swell enough to t a ke on a,n excessive compree­

s f 0n set . The inner fibers will then be in tenu ion. and 

\.'Jhen a a-r1r.1p l e is prep n.re<l. t h e outer prong s wi l l turn o ut in-

b . Air Se asoning in1d E iln :)!1tinp· o:f -~ ' H. 1 .• Henderoon~ 
pa ~e 11 ? . ·-· 
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s t eMl of in a s in c ne-ehnrdening. neverne c a sehardeuing 

ia more d i f ficult to remove than casehardening Hnd t he p ro­

ceea 1e long nnd expensive . 

i;plitt i ng tmd _9hecl,'i.ne._!.f Jood. Ehd. ep1 i tting , end 

chec k i ng , and surf'a.ce c hc·c k i nr develop in lumber when the 

moisture content of the eurf~ces on 1/:hl ch tll ey occur i · re­

duced so low u s to cause s trosset1 thRt exceed t he maximum 

tensile s trength of the wood perpendicular to the gr a in . 

'l'heue 2trerrn es are ct:1used wheu tlw out er t.1 urf;, c es expel 

moi sture .G t a mor (? :r ap id rote thnn the i nterior secti ona . 

They t end to shrink ~nd t he inner uecti ona do not beca uae 

' of a h i gher moisture c ontent . ~Ju:rfHce c he c k iJ mr:y close 

ni"'t er the cent er part of t h e lumber ehrink:s , but th e -weaJ.::­

r1eso caused by these cheeks s till exlets. End ch eeko and 

split s always produce low gr ade lumber. 

Collapse. Collapse i s the r esult of abnorma l shrink­

age wh ich recrnl t.a in t he crush in{~ (lf cell wal lo. C r; ll apae 

mRy occur ~\i,cn tl e out er surfn --es of .:1 p i ece or luml, e r a re 

in tenoi on And t r.H~ i nne :r p~1rt i ~ in c omp res e ion . Th i s is 

usually c nl.iued by excessive heat . Coll apr;e may also occur 

when the cell caviti es of t he wood ar e c ompl etely fi l l ed 

wi th water Rnd ev apor ~:. ti o n t akes pl ace more r apidly t han the 

wat (~r is removed from the cell wal ls . The c ohesive a ction 

of th e ,,_'tater u pon the c ell v.::i lls c aus es them to d. r:w, toget her 

~.nd results i n col l apse . ~rh io c ,i n tnke p l ace only .in c a ses 

where no n ir i s present . and usunl l y occurs in the early 
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Hone:combing. Honeycombing is the reoult of stress­

es eauHing internal cheeking a long the wood rays. This con­

d i.tion may exist in c r.seha rdened 1umlrnr where the exterior 

aurf'oces ~,re oet in tenoion, nnd. the interior shrinks due 

to excess ive temper Rt urea. A 1.00 percent rela tive humidity 

conditioning treatment f'or e aeehardened lumber may ca.use 

internal tension stresses th at exceed the ma.x.imum tensile 

stren~th of tl1e wood perpendicu1,ar to the grain and cause 

honeycombing. Thia defect is not usually visible from the 

surface , but is encountered when it is surfaced. 

The skilled kiln engineer CHn reduee lumber rejects 

by making o s tudy of the conditions or the lumber to be 

dried, and then selecting the proper drying schedule. If 

lumber is damaged in nir-drying, the kiln enginee r can do 

nothing to improve the quality except reduce the moisture 

content. 
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TYJ:>LJ u} LIDrnEH DRY- h.ll.l.i~ 

Dry- k ilns r(wy l:e of n rm:ml:er or types or F~;1·1e r·-:• l 

princ ip les involved in t h eir futicti CJn , O ' Ly types of dry­

i.ng e r uipment used. :i:lle of' ficiency re ,, uirecl of the unit 

wil 1 d e pend u pon the e xa c tness des ired in the f .i n i ,hed 

produc t . :so ... e k ilnn a r e used to cp!'ed u p t he time of dry­

ing lumber roro th e green stage t o a norma l moisture con­

t e nt th~t c ou l d he expected in ~ir-dryin~ over a long er 

period of time . e t hers n re u6ed t o br i n f{ t he mo.i sture 

c ontent to ubout seven r1ercent f or lumber tbnt is to be 

uaed in .fur niture const11ucti ou. 

:::>r y - kilns nre o f t wo generr• l claeaea; nm:.:iely, pro­

e:rc!is i v c nn d c m.npnrtr:.1 e nt . 1'h "Se t v,o t ype s mny be cl;;,s si-

f o l lows 1 rw t urnl - A ir-c ircnJ a t i on . for c ed - r l r-c ircu l::,t inn, 

nnd bent-conduction k ilna. 

l~~.!rr 1. al:_s . The. mont s nt ief nctory mat er i :.-d for the 

c·onstrnct jon of a p ood dry-kiln is d en se hollow t :i. le. How­

over, tlrny mfl y bP. bui t of lumb e .r, hr :i ck, c oncrete i; or other 

eimi l nr lmiloing m.t. t cri. :-· 1 · . 2'his ph rt $o of 11:ry-kJ ln c orrntruc ­

t 5on jo d i ~cu oe ed f ully i n Chapter IV . 

S ize or :ra in. .Kilns may vn.ry in size from one wliich 



feet of lma1;er t o one \'.1id.cl,. will he l d tlS rrmch as 200 ,coo 

l;o:1r .-1 fe<.:>t of lmnte r . The v:, i dth f'or a aingle t .r i.H.'k of 

~ ~ I"\ .. , .. -., 

t o t ~~nty-t ~o feet wi th a n a dded ~i dth of eighteen fe e t fer 

e:1cb extr n truck . 'fhP length of o k tl rt m~ y v ri ry :frc,rn t ~ en­

ty feet fo:r r-i si•1rrle trv <'k t o t wo rn.1.2:1dred or v ore f e et for 

extrt'i tr ncks. , he height of the kiln •i 11 d e pend u po n the 

hei1,rbt of t he chnrge and the :,inottnt o f spn ce trui t i n re-

located below the charce , it. may be ~.ecfrnB Hry t o e1.ev t1te 

t he t ·.:ic lrn ;rnd. f r-mu above gr0und level if t r1e loc ,,, J.jt y ia 

t 1 e {J:robl.er21 of bavi ng t he lo.1!din1& and uulo ~:.d i ng trac .:.rn u.­

bove the .r10or l evel. Xhere overhend f .,. ns) ,.;r;d e oilu Ere 

u sed , trrn trnc ka muy ho plnced on tb e gru'md. lev•Ji , whi ch 

enn:, l eo t.b e oper :ti .. cra to ;,1ove t 1H~ t :rac ko more e u s l ly. 

~> ly t he he~: t for J:1 kiln, , 1 t hough some r..r e heated by &1,10kc 

·pines or l1ouP.e r ndiators. Ht) tural cirenlntion k iln$ muet 

llt:tvc the ml ;;p ly of beat below the tr c c h level \11hi le in those 

using for ced - ci.rculat ion, internal fr:Hl types of equipment 

may rwve her,t supplied f rom the t op or th e under i:::id.c o f 

t he lo tHt . Blo wer type kilns nr o usual ly heated by unit 



type heaters located on either the hisb- preaaure or low­

pressure s :lde of the charge. 

Humid it¥• Humidity conditi ons must be cont.rolled 
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at nll times in n kiln to insure proper dr y ing. lhcre is 

usually auff lcient moisture evapor :) t cd from the lumber in 

the e arly etfl;a;es of drying to inau.re the proper relHtive 

humidit y , but in the last stngea of drying and cond ition­

ing , it may be necessary to add tnoiature fro.ru a steatJ spr ay 

or V-Jater opray eyetem. All kilns are e quipped vc i th som.e 

type of veritila toro to he lp in c or t:rolling relat ive humid­

ity conditions . l'nese ventilators mr y be oper1.tt ed nuto­

mn t i eo.l ly or Fianut,tlly to remove excest:1 mointure when nccea-

eary. 

Circulation. Load and 1·0.n baffles :,u- e re qu ired in 

n forced cjrculntion kiln • to prevent short -circuiting of 

the rdr away from , and to deflect it to the lumber. These 

baffles ehould extend fr om the top of the lond to the ceil ­

ing , and from each end of the load to the end oft.he kiln. 

no w· A .l{l I.JI j'Ul~Ul ION~ 

The function of the dry- kiln is to -remove a certairl 

amount of mo isture from t h e l umber wi.thout c a ustng d,WD!itge 

to the wood structure. Lumber loaa from u.egradee c aused 

from checking :-; ud warpage c an l1e minimi zed in a dry- kiln 

where drying conditions e nn be controlled nmi ree;ulated . 

~:;torilization treatments c~1n be given to retnrd or t;top 

the growth of mold , nd stain. 



Lumber is kiln driod by circulating 
a ir, controlled ,•; ith resp ·ct to i ts 
ten1perl, iure and humidity, th:rougb 
the kiln charge t o eVRporate the wa­
ter contained in the ~c od and exyel it 
f rom t he ki ln.1 

Air mu st be cir cul nt ed ·n a kiln to transfer the 

heat f rom the hwitjng coil so that the moia t ure in the 

l umber c ,m t.e evnporat ed and c arried away . If the ci:rcu­

l nt ion of the r, ir is not uniform nnd ode c:uate through-

o,,t the kiln , poor results ", ill b e obt ained iue to cool 

::;pots in the ch.arge . The more rapid the r.1o i sture d i ffuses 

throughout tl e wood, the more r ap i d the ci.rculHtion of 

the n ir should l:;e. 'l'he moist hot air will be expelled 

t hrough the vents and v: ill ·be repl a ced by frtrnh dry a ir 

dr::n-m from the ut side irnd t hrough the h eating coils. 

If the rno i ut ure is not removed f r om t he k iln, the :rol0.t ive 

hum i dity will increase until d rying of the lumber will 

s top. 

lfa t.ura l Circulation. Jn na turnl-eirc u.la tion kilns ., 

the movernent 01· the r. ir is r1uch t;lower than in the forced­

circulntion ty; 1e k ilns :in d drying \i ill li e slower .. '.Ille 

More r rip id t h.-"' circul r!tion of the a ir , the more efficient 

the drying system ·wi ll 1, e . 'Ihe rapid t1ovemet t of t be · 1 ir 

wf _l t H~e up heAt f r om the coils to 1::e diE1tribute<l through 

t he k iln. He" t is usual ly furn:Joh e d by steam coils, al ­

though it may , in 005-e caoea, be furn iohed from open fires 

or ,~r, oke flues . 

1 . Types of Lumhe.r Dry Kilns, u • .:; . l<'oreet l 'roduc t o l.nr1or t;t ­
t ory, Bull~tin 1io. n l661, p f1ge 3 . 
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lt is important that tlrn rel <1 tive humidity be 

co ntro l led in addition to a pply ing he3.t to insure proper 

drying conditions . :','he r e hea t a lone is appli ed , the luru­

ber will dry too r api dly on the out Bide nncl dart1ee::·e .. i 11 

occur. The c ircul r. t ion of th e tdr mu.st be uniform t hr ough­

out the k iln. 

lmpro1,er ra.dia t.ion, humidific a tion, 
a ir circulation, ventilAtion , piling 
Rnd loa.d ing practices, Mld kiln und 
e qu i pment ma intenance, individua lly 
or collectively, will produce un­
sntiafactory drying results • .Bven if 
all these factors are satisfa ctory, 
ho :vever, poor contra 11 ing instrumentn 
or imp.roper control of dry ing condi­
tions on the part of the opera tor 
will give e aua lly unsat i s f act ory re­
sults.2 

The proper opera tion of a dry-kiln i a a highly 

technica l occupstion. Human and t ec h;mic al ele1ttents 

vLUr; t lJe ba l an ced a nd regula ted t o prod uce g oo<l. r e:..;ults. 

It is important that the kiln eng i ueer be f amilia r wi th 

t he mechanical equipment a nd the characteristics of the 

lumber to b e dr ied. 

Forced Circulation. Foreed a ir circul~ti on in a 

dry-k iln may b e obta f.necl to a limited d eg ree by a n in­

ject i on of n t'later sprf.ty or i1 st cmn spr R.y . l?anG, of ei­

ther the intt?rna l type or the externa l type, are usual ly 

u sed to atimulnte circulati on . 'rhere are t1nny types of 

thene f Llns in uoe • but ,:tll a re d esigned t o r.1ove a s much 

n i:r as p o~sib le t hrotlf.:; h t he ki l n charge . 1:oisture c annot 

2 . ~, pag e 2 . 



be extracted from the lumber without a ir circulat ·ion. 

Th~ moisture laden a ir must then be withdrawn or forced 

out of the kiln room. 
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Heat Conduction. '.i:'he he o.t concluction t ype of dry­

kiln is not considered very aatiefactory u.nd is seldom 

used . :the ki ln charge is stacked on t he e t eam coi ls to 

a spec if ied numl;er of l ayers , t hen another ser ies of coils 

is used on wh ich more lumber is stacked. This aeries of 

l Hyere of lum.lJer :md steam c oi ln continues to the desired 

height . ~he heat • .from the coils , dries t h e mo isture from 

the l umber 1-lnd the moisture is c a rried away b y na tural cir­

culation t hr ough vents in the roof. The humidity cannot be 

c ontroll ed ~nd t he lumber n enr the co ils wil l beconie over­

htHtted and d oJna:ged by too rapid drying. 

TYPJ~ S OF DRY- KIU!S 

Dry-kilns may be grouped or classified in a number 

of ways. ·;ihen conaid.ering t he manner in \\hic h the ehnrg e 

is handled with i n t he k iln, it n1ay be e 1nased as a pro ­

gr ess ive or a compartment ki.l n . The princi ple involved 

in est ablish ing and maintaining conditions is much differ­

cmt.. The r esults obta i ned from employing these factoro 

vary greatly. 

Profil'eseive Kiln. The progress ive kiln charg e con­

sista o·f n numb~r o f truckloads of lumber , e a c h in a differ­

ent atrige of dr ying • ... \ a t be lumber i a dried , one or more 



37 

truckloads of lumber are removed from the dried end nnd 

other trucks are rri oved toward tha t end and trucks of green 

lumber are moved in to fill up the other end. Thia process 

is repeated until the charge has progressed from. t be green 

end of the kiln to the dry end. Venting , to remo'\'e moisture , 

ia done a t t:he tmtering end of t he kiln where high humidity 

conditions exist d.ue to evaporation from green lumber. The 

fir s t end of the k iln i s kept tl t a lower temper nture clue to 

the exceao amount of moisture being evapor nted and leas ra­

di ntion apace of the heating coils. Humidi ty decreases as 

the ·1umber moves to the dry encl of the ki ln n.nd rad i. ntion 

may be increp..sed os t he lumber becomes drier. · Uost progreso­

ive types of kilnn are of t be ni;i.t ural-circuh1ting system 

type and. ir1 these the n ir circulates longitudinally and verti­

C1,1 lly. Air iay be moved transver sely in some forced -circu­

lation kilns .• 

A prog.rest:J-ive ldln c a n be used success ­
fully where a const ant supply of lumber 
of · the s rune species, particularly of the 
nonrefractory species,. c-a1d of the same 
thickness is available for kiln drying , 
and where the final dried lumber need 
not be free of internal etreeses. 3 

The final conditioning trent mer1t, to relieve ltm1ber 

of <irying otresnea, car not be g iven in a progressive kiln 

nnd 1 t should not be used when theae concU t ions must be 

met . This type of ki l n is uo ed mostly where there is a 

constnnt supply of lumber of one species nnd size to be 

dried. 

3 . Ibid,. page 4. -
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Compartment Kil~. Most modern kilns are of the 

compartment type which is fully loaded a t one time, and 

th t1 entire cha rge remains in place throughout the ctrying 

time. The drying conditions are kept as nearly uniform 

throughout tl1e kiln as possible. These conditions are 

vuried during the drying process. Compartment. kilns flX'e 

of three types: natural-circula tion, forced-circula tion, 

and corHiit ioning k1 lne. 

l:latura l-Circult:t tion. Na tur a l-circula tion type com­

partment ki l na can be co nstructed a t a lower cost than the 

fareed-eireulation type, but rnore time is re cuired to dry 

a chnrge of lumber because ot· the s lower circulation of 

air. 'f he oir is circulated by natural means. t h e hot air 

rises and t he cool a ir f alls. Cool fresh a ir enters the 

kiln from the out side through f'resh ~dr ducts , passes over 

the heating co i ls, becomes lighter and rises through the 

vertical "A .. flues provided by proper stacking. They a re, 

however, some opposing n ir forces between the ho t idr a nd 

cool ni r \'lhich hinder proper circula tion r esult ing in wet 

spots in t he h:iln charge. 

Foreed-Cireulat iori. .l!'orced-circul a tion c ot partmenta 

may be claaaified into water-spray, interna l-fan, external 

f an , external blower, and internal blower types.. Air cir­

cula tion in the wat er-spray kiln is i nduced by water-spr ay 

jets thnt move the Air t hrough the h eating co i ls nnd upward 

through the "A tt flue in the kiln charge , then transversely 



t o e ech side 0f the c~Arce ~nd do·1n~ard between the Eides 

o P ~. :1~ eh , r ,T, " 'i'...1,1 the k i 1n wa11G. The ternp(H· · t : p··t~ of the 

,r;~te:r. cnn i ~ri C'l>1trnl11::11 t .,, keep :d1.n cnndjtions ;::,rop .. ,r . 

,\ir ch•c1.JJ ;:-. t.i n n i n t'·, i 3 ty··,)p kiln 1 ,1 f)ositive, but t1lov, . 

Th 1 s typo 'd 1n ia trnldora tl ~H."ld a t 9r e ·ent . 
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:Jt1 ort-sha.ft Interna.1-:f' :-m Kilns . 5bort - shaft inter­

n a l-fa n ki lnc ~ te e q1li ;.,ped wi. t h ind i v ;t.dual ly w.ot0r d riven 

f .ns whi ch nr,:r ;;e loca. t.e<l c i the ·r -"lbove or lrnlow t he load. 

1'h e s e l..: ilrn, rY1y use cross - pi led o ,.. ond - p iled r,iet ho,t s . In 

c ross-piled .kilrn, th e .r,d:- t :.~ t::ove,'!. fr or r t he f 1->t1 t be full 

lene t h of the k iln t hrough b nfflei'l r1 ir duc t ;:1nd retu't' ried 

to Lr:e fnr. t h :: :.,i=..:;h :i r eturn J.j ne i..-bcre it ie h e:-i ted ri nd 

rc-c irc ulnted. Vento :i.u the ki l n 1,f!r mi t t he eacr:pe o f lw t 

hur.i i d n ir 11nt!. th(1 entry of cool c:..ry a ir. G')nt r (ll buli; s are 

locHtfd be l ow the tr~c K level. ?~verse - circulat i on Ch n be 

ae~ ompli r. .. hed by cl:urng ing tlie rot ~ tion of the f tln . 

l ong- shaf!_lnternul- :f'nn Kilns. The lon~:~-sboft 

int t:rrwl-fn n k i ln m,,.y b e of th e f.lHme type as the s hort -

01."1:;f t k iln exc e pt th:1 t Hl l of the r~nrn nre mounted on one 

l ong i-,h nft ·wh ich r uns f r(1m one end of the k il n to the other. 

'J.'he sh:i.ft a nd f,rns ar e cpeJ'.':, ted by r, s ing l e motor moimted 

ou t ,:dl1 e the k .D n :, t ()ii'he!" end . 'l'l'iis f a r1 h , of t.be r e v c r -

C:in ·,c :revertH::d to 1n;a<1r e pr r:i;;er dr.:7 inr, c ond itions . 'l'h.is 

t ype of f an r ecuires .i:, s ystem of" b affles t o divert t hB a ir 



40 

flow in a lone1tud1nal (lirection. One half of the fans 

are right hand f a.1a and the other i: nlf are left hand fan.a . 

Th e ba.ff les u.re a rrai1ged d ingonally and change d ireetion 

at t he center 110 int between the right-Land und left-hand 

fans. The two center ftt.ns oppose each other, blowing to­

ward e.ncb other when rot ated in one direction and a \!; ny 

from eRcb other \\!hen the motor rotation :i.a changed. 

A S in the short-shaft syotem .• these f ans may 

be mounted n hove or below the kiln charge. The heating 

coils fllay also be loca t ·ed above or below the load. Baffles 

must be provided below the fnna in case of ov erhead. fans 

or above wh en fans a re located lrnlow the track . An opening 

about thirty inches wide should be provided between the 

ba:rf'le en<i ,nll of th e k iln. 'l'lieae farrn may be used for 

single-tra ck or double-track kilns. ,,hen uaed on double­

tr ac k kilns, a booster c oi l is added betvieen the t.ra c ke to 

reduce the tempera ture drop. 

~-.xternal-blo'Wer Kil11s. The external blower t ype 

ki ln may he of the a ingle-trac k or double.track t ype. The 

heA t ing An d ran unito are locRted outaide of the kiln, 

ust1ally at one end. The ai r is forced into the l<:iln thrmgh 

air ducts located under t he tt,A• fluea of the lumber charge •. 

The Air is forced up through the "A" flues a nd out through 

the layers of lumber, then back to the fan unit through 

return duets loacted in the floor neur the walls. The re­

turned a ir is reheated ~nd t hen recircula t ed through the 

charge. Ventilator sta c k t3 are provided in the blower bous-
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ing to expel hot moist Air, which ls replaced by coo l dry 

a ir through fresh a ir doors. 

Bome external blower kilns nre c onstructed ao 

that the r·tir circul~tion can b e reversed., forcjng the a ir 

u p through the out aide plenum chambers . thro ugh the c harge 

of l umber, and b f1 Ck through t he ,.A,. flue. Conditions are 

controlled Lrom the enter ing a ir d ucts of the ki ln. 

]'urnace ... tne Interna l -- fan Kilns. The internal-fan 

furnace - type kiln is hea ted by a large smoke pipe whi ch 

passe s ba ck and forth and up a long t he length of tbe kiln, 

then to a chit ney in the roof. The fans blow the n.ir across 

tl:Jia smoke pi pe, wt ich is heat ed by th furnace , to one 

wnll,, t hen through the lumber, from where it is returned 

to be reheated. The humidity is maintained by a steam 

apruy line , contr oll ed ,rntoma t i cAlly or manually. 

It is difficult to make recommendations a s to 

the t ype of dry- k.i ln t-0 insta l l without making 9 thorough 

study of ~i ll the cond itiono involved. It .is probably ad­

visable to loe ate as much of the macl1 inery out side of the 

dry - k iln oompnrt ment as po ssible because of the -da:1mge that 

may be CHused from acids and mo isture g iven off by the lum­

ber <1 8 it is being dried. I t i o poasible to purchase mot ors 

nnd. ot.her e quipment t h ,;; t g ive s otisffi c1.1on, when used i f.is i d e 

the kiln. Moto:r·a and equipment located outsid e the kiln 

can be serviced by the engineer during ki ln opcr t~ tion times 

with less d i s c omfort than t hose loc ated insid e. 
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AVa il1bi11ty of material und labor, as well 

ns local lrni.ld i ng codes, may determine the t ype of build­

ing to 'be conatr uct ed. Prevailing tel;lper a turea and. other 

we.at her eoncli. t ions must be considered ·,ihen choosing bull -

ing mnt eri nla and types of c ons truct ion . 



CHAPTI::R IV 

'l'he lrnilder of a dry-kiln shou l d h a ve in mind a 

n umber o f c ond. i t ions p eC L~ l i a r t o t he loc3lity before 

naki ng H de e io ion c cnc er n ing t he type of irrnt r: 11ntion 

e ho tien . ,.; peci f ic .:, t i on s r:u1y te s ec ured from mar1ufa etur-

ers of J ry- k ilna to p;u i d e th e builder in r,Htk ing this 

c ho ice. T t1e se c omp:m iea will r eadily g ive t ho Lu ild er 

the udvant :.igc of t he ir axpt~r i enc ea in tu il.d ing th e s truc­

ture fHl d s el e ct ing t h necetrnn r y r..n c 1,i n e r y for efficient 

o per :it ion . • lie t yp e o f e otdpm0n t deair e d ehould b e oelect­

ed ;rnd tht:· p1n rrn of th e ·build ing E;h o u l d Le cbt: c kcd by t h e 

k ilri eqtJipmen t. nnnufa cturer f or det , i. lo t o cl et eru i na 

·t hetbc r or not the e uui pr·"len t i ~: ::,u i b ,i:i ie f or H ie; building . 

CE!f.,,~ :,J. C. UNPI'J lO!iS 

Yat eri :-: l s ~rn itable f or dry - k iln co zrn truction 

a re mn r e or l ess limit ed t o ~oo d , concrete , conerete­

bloc ks, br i ck , nnJ t err a - c ntt n ti l e . ut be r mnter1 R1S suc b 

n P f iberb oHr d , und aol1e s to s c emcn t L OH rd a re r·H.w,ct i rnes 

used . ~toel ie us ed fer tr a c k o, f ans, f e n su pport s , hea t­

i ng c oi l s , ba.ff l es , and other uu ch parts . ~.:i ome s teel i s 

U£ed f o:r i.., tructvra l pa rt s ond :tti rei nf orcerient of con­

crete pa rt s . :i,"'or deairob le r esults , ex.'\ct i ng requ irement s 

nu ct b e met in s tr uctur a l d ebl ila. 

J i nc c dr y - k 1ln~ nr e sub j ected to s evere 



moisture a11d h eat e<, m'U tions bo t 1i ir Eli de nnd outside , 

they c an be expected t o be s wrter .. lived t han most 

s tructures. 

They not only have to with stand wea ther . 
but n lao the a ction of h i gh ter.1peraturee 
and humi dities , the expansion and c on­
trac tion caused by frequent and wide 
ehnnc ea i n temperature• and freque.ntly 
the corrosive action of acid vapors 
from th e \•Joods thnt are b e ing dried. 'J:o 
be efficient, the kiln walls nnd roof 
must be reasonably resistant to trans ­
mission of heat . 1 

'!h B s election of nmteriols for t he building tnay be 

governed by a number of f a ctors. Loc a l building codes 

may re nnire a certa i.n t ype of building road.a of fire ­

proof mnter i Al . Inr urance r a tes mny r; rohibit the une 

of v;, ood as a building mH ter iol. Other princi pa l 

c ons i d e rntions in the nclection of lrn i 1d i ng ,,m t er i ·ils 

ax e duratil ity a nd a va ilability , l nbo r suppl.y , in­

ve st1nent re qu ired, F~ nd climatic co nditions. 

Concrete should a l ways be used for floors . 

foundri. t i ona, and wall s ect ions lrn lo v1 ground level. 

::;pec 1 f icnti ons for concrete s hou l d be. prepared by a 

re s i dent engi neer to meet loca l requ i r ements . Steel 

:r .einfo rcenent sho u. l d be prov :i.ded t o s trengt h en the 

concrete . 

1. Dry- Kiln Building l~aterinls a1 d Conutruction, 
lT . s . Forest :,rnducte La.borntory Bu l l etin No . R 1646 • 
Pnf~e 1 . 
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Lumber is often used for other structur a l pa rts 

in loc nlities where t h e r e is an abundtrnt oupp ly. Ma ­

sonary may be used for ~alls 1th ~o od for roofs . ~ ine , 

dou6 l a o-f1r , spruce, cypress. and redwood a re coi:tmonly 

used for walls ~nd roofs due to the ir ability to resist 

dec a y . A woode n structure usu Rl l y hns a lo wer i n iti Rl 

cost nn d l o e~ey t o ropAir ~h en nec eRsury. There ie nlao 

a high resist anc e to b eRt loss , but t he fire risk is 

great . 

Bric k , c oncrete, concrete bloc ks~ a n d tile a re 

fireproof, but are subject t o damage c aus ed by expa n­

sion n nd contrBctio n . There is a :r;1ther high rHte of 

hea t loss in s olid maeonar y w~lle and roofs . The porous 

condition of s uch ot ructures Rnd the cr f c ks wh ich a?p ear 

fro m e x p ·, ns ion and contra ction c a uoe diff'i c ulty in con­

trol.ling t h e humid ity it1 t he kiln . J- a rd - burned brick or 

loa d - te~ring t erra- cotta til e n re exce l lent wall ma t er ­

i a l s . Ul 11-ng e masonciry type bui l d ing o shoul d l, e con­

structed wi th expansion joints. 

~TRUCTt.iRAL D~TAl LS 

. .Proper d esign 1.md opec i f icnt io1rn rn1s t b e c a re ­

t'ully fo1lowed in t he c o nstruction o f a dry-ki ln to 

insure aati sfuct or y results . Good kiln engineering 

prnctices nnd constructi on must be adh ered t o becnus c 

of th e severe eondj ti ons to which the 1:; u1 Jd ing is 

sur::,j ect ed . 



~.ubfoundF1t ions. Euch of tbe oerv icenbi1i.ty a.nd 

l i fe o~ R structure depends up on t he oubfounds tion or 

f()otlng . The requircrnents for this portion of the 

buil ding c an be deter1nine<l. by t he aoil c nndi ti orrn n.nd 

type of structure to he built . The footings r:mst be 

adequate to support the we icht and strong enough to 

v~ith nt:·nd changes of soil expansion and contraction 
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d.ur ing seas nm 1 chang es . /iny subfouwi.iat ion fnilures 

c nused by naturRl conditions will result in other 

struot.ura1 damages. In addition to building damages 

r csul ting from erac.ks , temperi.t ture and humidi ty control 

will be di f ficult . The trccks may get out of alighment 

and c nuae tru ck handling difficu1ties . .Footing s re quire­

n ents should. be estnbliahed by a r enide nt enuineer. 

Foundations. Heinforced concrete should be used 

for rt11 foun r:iriti on i-:; ru11l Hllould be d es i gned to c arry the 

load pl aced upon it. Waterproof concrete should b e used 

tthere ground water will be encountered. Tho· foundation 

el1ould extend a t lea st six inches n.1l0Ve ground level . 

there wooden a.l ln are erected, the thickness of the 

foundation should be ubo ut ten i nchee. lior masonry walls , 

the founde.tiou should be t}HJ t,ame thic kness a.a the 'htl lls . 

:::.xpunaion j ointa ohoul u te l)rovided i n foun cl nt i rm fJ v.her e 

the s pan is forty feet or r.10re. 

F loors nnd Tr ucks. r:ost dry- kilns b ave reinforced 

concrete floors about four inches thick. They rnay be 
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level or mey contn in 9ite depending u pon t he type of equip­

r3ent us ed. •::here under- track equipment is u sed • pr ov is ions 

mus t be made fo r in Ht i:tl l ation. Some floors cont a in 

s teel gr a tings to per mit a ir cir culat i on . As a oafety 

factor, floor n sbot ld be n.s nearly l evel ns the inst a.lla­

tions uill permit . 

'rr a e ks for trucks shoul d be set in the f loor a. t 

the time t hat the concrete is run. The tracks should be 

made of t h irty five pound per foo t steel railroad r a ils , 

and be act with the tops level with the floors . 

Jalls . The -walls should be made of mat erial :- trong 

enough to su pport the roof and any machinery that may be 

im~t n lled above t hem. The v.al ls should l:; e good heat 

insulators And resist nt t o vap or transmission . All 

part i t ion '.1r0.1ls . epor~ting R.djacent kiln compd:·tments 

shou l d b e con· tructed to satisfy these same conditions . 

"looden '.'/alls. \1here wooden wa ll conotruction is 

ua ecl, t he s,,;tude should be t wo inches by six inches , a nd 

set on sixteen inch centers. 'l'he i nside s hould be covered 

vert ically with vapor- proo.f build ing paper . The outside 

shcnthi ng s hould be oh i pl ap or center-matched materi a l 

covered v. ith dr n p or beveled aidlng. Inoul a tion nw te1·ia l 

should be used to fill the apace be t ~een the studs . 

Slow-burriing ,<.alls are s omat irnes used where 

lumber i s plent iful nnd ch eap . Theoe walls are constructed 
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by nailing toget her ll,f'..) inch by six inctt utoc :ai.: l a id fL:it, 

one piece above t h e oth er . .Building$ tbuEJ c om,t ructecl 

usu a lly carr y a loVJel' insurance rate . They are nl s o 

s low to tra.nsmi t hent and vapo.r . 

Concrete \:.'alls. Ol)red conc rete wa i ls a.re s eldoo 

u sed in dry- k iln conGtrucrtion bec ··, u::rn of heHt and vapor 

loss nnd damage caused t o t he walls by expansion ond 

eontraet ton .. ·:there they are used f<Jr l'.'l n.y reaBon, auch 

as a vai l ability of material , they should be well reinfor ­

ced Jith s tc~el and made of a standard mix. Cmtside vtalls 

shou ld he t welve inches t h ick and i ns i de wall s should be 

eight inches t hick. one-hal.f inch vertical expansion 

joints mu at be provided for ea ch forty feet in l ength • 

.Pilaster s sho uld be i ncluded in the vialla a t t vienty foot 

intervals . Tlie walls should be coa ted ou t he i nside 

,11. t h insu la. ting fsi.nd vapor - resi eting material .. 

Concrete- Block V- alls. Some kilns are built of 

concrete- 'block.s . These blocks sho u l d be made of cement , 

s and,- nr:d some aggregnte . Cinders . bur11ed- ela,y• or slag 

provid e some inaulat int~ properti es; however , crueh ed 

s tone , whicn is a poor i nsulator, is sometimes uaed. 

t .. mor e recent aggregate that ia uoed, but has not been 

tested t horoughly is pumice. Thie ie light in weight 

and is a g ood insul ator. All concrete blocks should be 

of hollo i const ruction. Tempered mort.ar shoul d be used 
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to bind the block.a toe-e t her. These val ls sho ul d be 

p l Hstered nnd. covered with vapor- proof i nsulating material 

on the i ns ide . 

Br ick ,valls . Dense, hard-burned brick laid in 

t empered mortar n;a.kea one of t he moat s atisfactory walls 

used i n the construe ti on of a di-y- k iln. The wall should 

be thirteen inches t h ick, and strengthened with pilaster e 

apnced twent y feet apart. 1\ good k iln paint should be 

applied t o t he inside of the ~all. 

Terra -cot t a. Tile. Where terra-e tJt ta tile is used , 

it ohould be of the dense and hard-burned lot1d- bear ing 

type. ·:al l n shou ld b e t welve inches thic k a nd l a id with 

tempe recl mortf1r ;.:.ind pila sters should be used a t twenty 

f oot intervnls.. The inside of these walls should be 

Pft inted with k iln pa int . 

1':iln .Paint. Kiln pa.int should b e uoed on the 

insid e of all k ilns to reduce the loss of he at nnd vapor . 

This pa int wi ll a lso }irot ect rmy meta l used in the con­

struction from t h e corros ive action of the a cid g iven 

off in lumber d.:ry:tng. This coa ting wi 11 also ielp pro­

t ect the mortar used in Mtsouo.ry buil<linc s. Th is po.int 

is of the r.mstic type and should be opplied o.s o ft en as 

needed t o keep a good protective co~ting on the walls. 

Roof and Cei1ing . It is d ifficult t o cons truct a 
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r oof on ;3 dry-1<. iln th :i:t h ,, s ~11 of H H: de f,.ir ,, t l E- c: u ali t ies. 

It sn l";u 1d ce ne nrly fl~ , 'but must h nve s 1.1ff ic len t 1: i tch 

trJ r'Jr.A in we 1. It eho'Jld 'te stron rr, e ,H)ug h to au ~) j~or t 

i.t c e lf n nr1 rwy nn ch:tn?.ry O'T'.' contro l to i;i~T." that •1v1y b •J li')­

cn ted :.hove it. He r1 t :1nd vnr;or r ;;s :i ntnne e a:re f 1\ c t,1rn 

to h € connidet'ed. The untle-r.aicle of the roof ahould be a 

uniform dist. nnce from the kiln lon d to gi"Je pr oper ~dt· 

circul:~ti on .,her e a separate ce ilinp; in riot IJrnvid€d. 

·;Jiere u cusµ em red cH:d.linp; i~ provl ed below 

tri G r ciof , i t :37Jo u l ,i h 1J ve s u f f'ic ient L ir ;-.p2,c e ,i n d. v en -

t i l:11.ion t r., rr,:;,r.,ove rn o h ,ture w:.,..: ict, JJ"\t> S r.t Z> t 1tr ,, ,it)1 i t. 

'l ht. roo f co :. L ~ ,w s t;H, ly be i n 3 Ulh t.ed. ·;; it v1 1esn expt'! 1se 

than :_, ~.e p:-i r ;., t e c:~ilin,_~ wh en i:.i ul nu r c,ol is uoed . lt 

is 1Joe sl bl e t o reu ove mnh,tur .-. from t he cei li n•': ~1 '11,h 

n B<"' ries rif' ot. eHr"'.'i p ipes inrt :i lled d irectly beneDt. ri it. 

·; ooden Roofs. A wooden roo f on ~ dry- kiln i s 

u eu ~lly eh ort-lived, b ~c Aue~ 0 f t ~e h~z nr d of i oe ay j re -

,1:j lt lng fr om OX1_;(HW iVe v a por. ..1lw r e ,,,o od s b ~a t Jling t ,ypes 

of r (i cf n ,n: i?: us cH.l , t h ey e,,ould be f.3 Up ·.orted by t o i rich 

j i E:> tB pL -1.c ed on s i x t e ,:: rJ tnch centers.. 'l' h s e ;uy be 

c o '.l t:r -e d ..;j_ th one J_uch mn terj ,: l 11.r1ic ~1 is covered ,,ith 

a vapor b:1. rr lt X' c o n s't ;3 tl11p; o.C roo .!.' inf; }H,p e r mopped 

:lii t 1 o upl:rnlt . { ll triis sbo n ld t,F; p l ri ced Anoth <n· l a y nr 

of t ,, o i nc L p l a uki 4; Mnch i!J cover ec. 1.;i t h c.·om µoailion 
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roofing. The exposed joists interfere v>'i t h air circu lt{tlon 

in t h e k iln wh e r e a c eiling is not provided. 

l'he most snt isfactory wo oden roof is made 

o:r the laminated or s low- burning t ype where t wo inch 

by eight inch stock is l a id on edge• nailed firmly 

together. and covered with composition rooting . This 

re quires a l arge amount of material , but provides good 

insulation. 

Re i nforced-concrete Roof. The roof may be made 

of a slab of reinforced c oncrete ii' desired. Due to the 

heat and vapor lose through thie roof , it should be 

covc1--ed with a vapor barrier of' building paper moJ.Jped 

with a sphalt, nnd t hen covered with two or three inches 

o:f insul ating materinl topped by a composition roof. 

E.xpanoion joints must be provided on large slab roofa . 

Ti le and Conc r ete Roofs. •rerr a - .cotta tilfl , supported 

by concrete beams , is a ornet t ;nes used a s n roof'. Tb i a 

should be provided with v apor pr oofing and insula tion aa 

described "for slab roof. .t;,Xpansi on joints must also be 

provided. 

Doors. The e f:f iciency of a well c onstruc t ·ed a nd 

adequately equipped kiln c r.,m be .,reatly reduc ed by poor 

doors . Doors shou ld be made as light in weight a s possible, 

lrnt s t ill have good insulating qua lities. Tbey m.ay be 

made of a steel frnmevmrk cove1·ed Vi ith two or more 



coverer1 \~ itb aJ'! eot met 1. 

Patented h:i.n.ges and trac-ks :1re usu ally used 

on kiln doors . c;.,ingtng; doors are not conr3;id.ered very 

sa.ti s factory. A ar1all inspection door ahould 1Je pro ­

vided tn the kiln so that the large door c an be kept 
<:: 

closed while the kiln ia in ope r a tion and the charge 

1e b eing j_nspected. 

Control Rooms. The c:ont:rol room should be rr~a de 

o.f :.3ufficient e.i.z·e to house all instruments used i n 

check i ng or op ~:r.a ting the k iln. It may be located ut 

any convenient place about the kiln . <,fuere :maeh:i.nery 

i s located on top of the ki ln. it ma..r be aclvtsabJ.e to 

h ave the c<.H1tro l.- roor1 on top of the roof. All teat ing 

enui!)ment and records should be kept in thi~ room to 

insure more e~r1c1enoy. 
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The building materia l could be of any type, 

but it is more desirable to have it made of the same 

ma.terial a s the kiln . Thia should be the kiln engineer's 

laboratory. 

The mos t expert kiln eng ineer with t he most 

modern kiln equipment c :.:tnnot do aat i t.factory drying of 

lurnuer i.f t he building .is not properly designed , c on­

structed, and mainta ined . The loc e.tion a nd the cl.i­

matic conditiona will ha ve a g rea t bearing u:pon the 

type of kiln cons truction aml the k ind o f buil<ling 

ma t erial that should b e u s ed. 
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I t i u very import :mt tha t an a ccur ate me nr-ure1;1ent 

of ,:, e t-bu lb nnd dr y-lm lb tempera tures in a dr y - k lln c a n 

be recorded n~d contro ll ed foT eff icient ope r ntion . All 

controls nnd instruments nre c a l i ~,rfl t ed on t he lt'ahrenhe i t 

SCA. le. 

F ive princi ples e m•) l oyed in merrnur i ne; tempe rature~~ 

in a dr y- k iln will be c ons i d e red in this chapter . 

Li gu id .. ex,pans ion Ther r..1ometer E, • I. i r~uid- expannion 

t her mometers a re very ofte n used f or tempe rature record­

ing s . These t herwometers r e g ener a lly filled v,i t h mer ­

cury, Hlthough other f luids , such a s hydrocarbons , Hre 

not unc ommon . t-ercury .t'illed thermom.etero rnay be success­

f ully used with ter:1 peratures r ang ing from -35° to 1 ,000° §' . 1 

ens-expansi on The r mometers. Gaa-expnnoion ther-
o 0 

mometers ha ve P r nnge f rom A:bout - 200 to 8 00 F . lH tro-

gen is the moot connnon eu s used as a fillinc medium and 

opera tes on the prin ci ple of Charles• Law. Th e scale of a 

gl"ls- expn nsion th er ometer is not linea r and mu nt be com­

pen sa ted. to provid e a linea r c a.1. i b r ntion. 

·--------- -- - --·--
l. Temperature l:: e~umr i ng a nd. Contro lling Devices in 
Lutnber Dry-Kilns , tJ . ~ . ]'or est l ' r oduets LE~hora tory J3uJ let in 
No. Rl654, page 1. 
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Vc.;por-actuat t~d l'hermometere. Vapor - actuated ther­

mometero ut ili20 vapor pressure to a ctuat e the i ndicnt. ing 

element. The vapor pressur e of a liquid varies with tem­

perature in accordance wi th t he l a v. s of thermodynan1ica. 

'.l'h e mo$t c or.,mon filling m di n for v o.-nor-actw, ted t he r mom­

etern nr e sulfur d i ox1.de , ether, me t hychloride, aw:l tuluene. 

The r rrnv.e of tempe . ntures is usually frort1 ;..50° to G00° F . 2 

Thermal-electrical Thermometers . Tberrna l-electri­

Ctl l th e rmometer :, errm loying the cha ng e in an electrica.l 

charncteristic may be used to me ,, s ur t tempernt u:res . T H> 

disoirnil ::i. r wires vH: l ded together a t one end ::ire k n o·,m a s 

t hermoc oup l en . ·:ihen tbe te r·~pern ture a t t he welded ends 

change, an electrica l potenti a l i s g enera ted i n t h e cir­

cuit , and thi ~ C8 n be rue uu ured by a potentiometer c onnected 

to the free e nds. ./ires used in ma.k ing thfn·mocoupl e f or 

me nsuring tempenj tur eu i n d ry-k ilns &re usunl ly co pper 

anl c onetant nn . 

Bi metnllic Th e rmometers . Bi met n I lie trrnrmomet era 

r::i. re c onstruct ed b y wel d ing or so l der i ng together t wo mt:t­

Rl strips 11:wing <U f f erent coeff 'i: c ients of t h er mal ex pnn­

s ·on . The c.+1~i nge of t. ··mpe 1·n ture can he i n c i ,:-ated ~,i.., the 

time t l"l llic t"tr \ p def l e c t s f r om crnr;! Bi lle to t. ho other, 

thus o per n t i ng :rn a 1.tnched c ontr. o l li ng a r m. 

____ .. ____ _ 
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Ther mometers of three t yJHJS a r o tH; ed i n me rurnr i ng 

dr y - k iln temyer ~) tm· • t:: . They are i uc .. ic a t i ng , maximum­

recHli ng , and rec or dine . 

Indicating Thermometer . The iudic ~Ji ing therrJom­

eter is co u atructed of a g l ass stem, with a bulb a t the 

bottom, cont a i ning t he fluid which v.h en expanded by h e a t 

reg h 1tera the temp ra ture on g r n dtwtion t etch ed en it.. 

A thermometer a tta ched t o a met n1 f.tr i p with re ,,d inrc a 

s t m ,ped on it ia no t rel i able clue to t he chance of the 

sterri 's c h:mgi ng pooi ti ons on t h e cal ibra ted atri p . 

Uaximum-reading Thermometers. Maximurri- re:•d l ng 

thermomet e rs m::i y be used t o measure t he highest temper­

a ture existing in t he kiln . It i s similnr to t h e clin­

icRl therfllometer nnd does not reg i s ter the ret a r d ing 

tcm•Jernt urea . 

Record i ng Ther mometers . hecordinc thermometers a re 

of the extens ion- tube type where the sensitive e lement 

or bulb i s connected to t he ins trument by a capillary 

tube. Three t ypell oi .. t h e s e instruments nre uui t ul)le for 

dry- kiln u se , u ud wn y be f illed ,·, ith mercury , e;n s , or 

v 0por. The ~HS fi l led rec order is ordina rily used. 

Thene t her -r;,ometera mn y be CAl itrnted similnr to the 

glnso tul~e therr:10meter ond HdjuBt r~ ents r,i r:,. y be mnde by 

chAng inR the pos it io n of t he recording arm by means of 
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a screw provi ded f or thr~ t purpose. .;e t - bulb recorders 

ond dry-bulb recorders should be calibra ted at the same 

t ime. .4. longer t i tl1€ will b e r e c: u ired to get an nccura te 

rea ding on t r1 is t ype of i nstl7ument d ue to the l ag in the 

change o f conditions in the long er t ul)e. Adjustment s 

shoulu be m~d e \~ hen cond itions are 1:1a near as possible 

to operating conditions. 

Calibra ting ".L'h ermometers. A t her mometer may be 

calibroted by comparing it with one known to be a cour nt e . 

This is mos t accur ately done b y u s i ng a s t andr::1rd t 111elve 

inch mercury - f i l l ed i nd ica t inf: thermometer with mu:ibers 

etched on the s tem. /1 thermometer in c a 1 i b r a ted by p l ac­

i ng it in c o l d wnter with a sta.nd;3rd t hermoneter, and 

t :.iking t he r e Rd lngs on l,oth instrument B . Hea t the water 

,1nd t ake r enaincs , e t interva l s , on toth t hermometers . 

The d i ffert=mce in t h e reri.dings of t he two i nstru111ents 

will .i ndi cA.te t he error of t he one be ing tented and the 

c orrect ion can be made. A plus correct ion is nwde when 

the s tandard reads hig her a n d a minua , if t he r e nd i ng is 

lower. If a a t nndard t lier momet e r is no t nv~ i l able, a. 

number of t t ermometers may be used, nnd the a verat;e of 

t b em can be cons i dered as fairly rel i uble. 

'l' emperaturea mu st be c ontrolled in n dry- kiln to 

g ive prtJ per r1 rying conditions. '.l'he older t y pes of k ilns 
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may use a manual contro l system wh ile all modern kilns 

nre equipped with. automatic c ontrol systems. It i s nec ­

essary to use automritic control \"Jher e a. rigid dry ine sche­

dule is to be maintained . Greater variations in conditions 

-riUs t be expected wh ere manually operated equipment is u ; ed 

even \.-vhen an operat or ls in charg e a.t all time ::i . 

lc anual Control. Manually opern ted heating valves 

are used to furnish tbe desired temperatures for some kilns. 

Unit heaters !!lay l~e provided wh ich are s uppl ied '.': ith heat 

from constant steam heat . It is necessary to have an op­

erat or on duty at all times to regulate the flow of air 

through these heaters . ;Jhen cold or ·warm conditions exist 

outGide of the kiln . it ia nece1:1s:u·y to regul Hte louvers 

in the Kiln nnd in the air flow from t be outai<le to main­

tnin uni form condi tior1s inside . ·,;hen the wenther is co1<1 . 

a large amount of beat is loot l}y r ad.L1ti on through the 

ki lu vmlls , a nd a lso more heat i s re quired to tr ing the 

outside a ir to meet kiln temper atures. In hot weather , 

the conditions ~re reversed . 

V.,h en hea t i s furnished by s t eam coils loc ated 

within t he kiln, it is very difficult to rna inta in proper 

tempe ratures l;ec~lUse the ano unt of ctemn pressure is dif:f'­

j c ult to control. 'l'llis can be accomplished to n certain 

extent by using steam reducing v.nl ves . It is never ad-vis ­

able t o a.t te1:1 pt to control the steam :flow into the coils 

by regulnt ing valve openingi:; . The valve should be c ompletely 



opened or closed, or it will be damaged by grooves being 

cut in the partly opened valve by the s t er-.. m flo w. ·.~i1en 

these Vf.1 lve seats ha.ve been damaged , it ia iln;)O BSible to 

c nntro l tl1 e f low of steam. 
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Autornntie Controls . Vost modE;rn d ry-k ilnn are 

equi pped v,ith se lf-conta.incd or a1I·-o p ~~ r n ted nutomat ic 

controls. ~:;elf-cont. a ined thermoE:i tnts are op tS- r nt ed by 

d irect a ction of vapor and l i quid pressure on a d J aph ragm 

n:otor which opera tes the v a lve st em. Air - opera t ed therm­

ostati:, do nnt react instnnt nne o usly to t er:1per t:ature changea , 

anri rl vu:r i n t ion of tempera tur es can be expect ed . 

In the var ious t ypeo of nutom~t ic controlling 

ins t ruments t her wosta to are uaed to c ont1·o l tempe r a tures 

in clr y - k llms, but usua lly th ey are imrnrporated with more 

ela bor~1te e quipment such a s a recorder- contr ol ler . 

!'i.o s t thermostats in d ry- kilns employ u c a p..­

illa ry- tube a n d a bulb thnt c ont.li ne o li qu id v apor or 

g :-n;. Ther Mnl exp A.rrnion and contraction tmd pres s ure 

chnnges wi t hin the closed t-1 ystem ~re uned either c ircct l y , 

RS in th e self -cont n ined type , or i ~d irectly, RB in the 

a uxiliary- o pe r ated t ype , to o perate a diaphragm va lve on 

3 
the heating ayatem. 

Self-conta ined Thermostats. Self-cont n i ned therm------------·--
ozta t a combine in a s ingle u n it a v c1 lve a nd tlw f luid con­

t n i n i ng ey at em , c ons i s ting of t he Lu l t , the c a;> illHry 



co nnectJng tute, ::.ndntctnrhe;:.c . j!'frnBurc i rad~e the bul b 

chpr.res ~ i t' verinti0n cf the t emper at ure of t h~ ki l n , ~hich 

in turn cal.hH' i:; c or r e r· pornU ng prciw1.:re cl:u:i.nc:es in the motor 

head . ~n;. r~cU.o t! ·::; ,t·r.£ or clo~ .. e . t h e Yalve wtic h is c n­

tro ll €d 'ty tbe diArJ..hn;gni . 'rbe V:1lvn i.s a vnr; z.enaitive 

instrum~mt , t,sually balanced tr) bun1.re fr~e ri ct lon , :,nd may 

The ~s l f - c ~~t ? incd t~~rmoatat re quires no 

outside sour ce 0f pow~r, nnd is i nexpens ive to inotall ; 

ho ;,::evAr, it is not n~;; qu i.ck to r;rnpoi.ld to temper ature 

chic\ 1ges Hnd w:i 11 not wi thata.nd a. Vn.1" ied steam pressure . 

The aelf - eontnined thermost F.J.t i s of mo at va lue 

in t.be progret:t:.iv~ type ki l n 1rYherc! h e temper r:: lure is kept 

c onst M1t , nnd the motor hea<i ls rrnt :..1ubj ,?cted t o n temper­

ature chrrnge t :lat occu:r;s i.n n compart:.:. cnt t. 'P € uf kiJn. 

t;u.xilin.ry- ope.rHted Ther Jnost ;,t. 'l'he Auxilihry- oper ­

ated therr'.lostut depe nds upon some outo i de nource of' power 

t o oper qt . tbe Hte~m valve. ~o~e r for operat ion of vn veu 

is obt a lned f:ro electr ici t. y , ~ate r or steam pressure, or 

c ompressed t1i r, or :::. con1bir,,1 tion of tr;.,o or more of tbcse 

fo r c eu . Thi.a type of thermost a t is rr.ore sensi tivt:J than 

oth~r t yp es , p, nd wil l h ol d t he t etipe:rntu re r Hn g e t o s. b out 

one de p-ree Ji'n.hrcnhei t, ?Jhere amp le rd r c. i rculnt 1 on is pro­

vi ded . It ts composed of :the e:xtension- t . p e tulle with t:ulb, 

c ap illnry tul>e, :,nd pressure- sensitive hollow spring or c ap ­

r.ul e filled wi th :1 liqu i d ~ml it s v apor .• 
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.H i t her dry- bulb or vJet - bulb tempert{tures niay 

be controlled l)y n thermost at. '.1'he 'bulb is covered with 

a wi ck whi ch is supµl i e<l with water from a t nnk t o g ive 

a we t - bulb reRding. 

Recorder- Controller. The rocbrder -c ontroller ia 

a comb inecl th ormostat a.nd reco:x:d.er in wh ich the temperr.1 t ure­

s ensit ive element regula t es the Hir supply to the dia­

phragm- motor v a lve ri nd Hl so moves the 1·ecrnrd ing pen urm . 

These instrument n ., re e,:1ui ppr:d with a wet - tulb nnd one 

or more ct.ry-1;ul'bs. 'l'wo dry- bulbs a re usu:::illy used in re­

v er r~ ib) e-circulntion comp i,r t ment d ry - kilna to insure a. 

r~:are rri.p i , ncij untment of t hfl hea.t supply .. 'Ihn bull) lo ­

cated in the higheut tcmperntu te zone will be the con­

trollinr: bulb . Some rec order- controllers ll ltJo ope rate 

an RUtomatic vent system 1,y mcr-Hrn of atta.ch tng a c ontroll ­

ing mcc h:rn iam to the helicnl Bpring of the wet - bulb control . 

Since the recorder -controller instrument is 

S,"1a1 1 nnd i s oper Ated fr om onJ.y one a:rca of a d r y - ki l n , it 

ia impossible t o ha ve o ll c o nditions perf:ctly controlled. 

'!he tulbs sho ld bo ::; l n eed in t lH; 1i0t test r,pot of the kiln. 

I t c nn i:Je detern1 inccl by t a.ldng temµ(;r ,,tures u t va rious 

plnces in t he charge , so tha t the lumber will not h ve an 

excessive r:-1mount or d eg rade from tco rtip id drying . Bulbs 

shoul<l n l ways be p l:-1ced on en.c h i;;ide of t he c . nr g e , :·,bout 

midway bnt\'HHm the f loor and the coiling nnd ne,; r the 

cent er rron e nd to end . 
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:.hen exter nal - blower types of ki lns are used , 

the dry b ult sh ould be pl a ced in the hottes t part of the 

ftA d flue , if pooaible . ~ iere t h i s i s not possible , the 

tul"b may be ::> l a ced in some oth er pa rt of tb e k i In ; but 

ru ;~d.jus t c ent nu.nt te r,1ade for t.h e heat l oH e from the en ­

ter i.ng n ir p;n·t nnd th e l oc ntion o f tr1e bull: . 1l'h e differ­

ence in these tempe:rn t urea c nn he determined by using max­

imum-re:td. i ng t ype thermometers . 
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}~fforts a.r e being made to c onstruct :rnd e quip a 

modern d ry-k iln a t the 0k1ahoma A . & Al e College. 'l'bia 

pr oject i s be ing sponaorea. 'by t h e De pnrtment of Industr i­

a l ;.rts }Jduc a tion a nd .~ng ineering 3hopwork . liuch inter­

est and aupport a.re g iven by the J)epar t meut of .:ii·orestry. 

'l'h i s pro posil jncludee t he aspect s of offering c oursea 

of instruction in t he oper a tion n.nd ma.int n. :lnan.ce of mo­

dern dry-kilns . A supply of pr operly d.r i ed lumber cm1 

be pr ovided f r om th e s chool ohopa Hnrl comnv~rcial man­

uractu:rers. · The management of th e <lry- kiln would be 

assumed by inotructors in the Cab i net ~!h op v;h ich wo uld 

uoe a part of the lumber dried. Th11.1 k iln will be of 

suffi0ient size to dr y one truckloa d of lumber wh ich ie 

n1loUt s i x t housand board feet. Cu s t om dr y ing c ould be 

done t o provide a c ontinu oua operation and help pay the 

cos t of operRtion . . 

The dry-kiln locat ion ie ~djacent t o t he Cabine t 

Shop a t the nor t heast corner of t he s out heast wing of 

t h e bui l tl ing . '1.'his l oca tion WZl S c h o£.en lH?,;: H;~ e of the 
. '·~ 

convenience o oper a tion and handling of 11nteri~ls. 

THE BU l.L:H.NG 

Th is dry- ki l n i s to be a n annex to the prenent 
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Industrial ,\rts Building \',hich i .s made of red brick . l t 

io in ke eping \'fi tb the main a rchitectura l fJ lan . 1 llia 

·building p lan furniohes deairuble lending ;; nd ur1loading 

facilities t·or hanclling green and dried lumber, and is 

convenient to otorage •'pace for drieci lumber. .Plfites 

!Jo. l nnd no. II o:f thie chapter represent the proposed 

plans of t hin build ing . 

'.lubfoundn.t ion. The subfoundnt ion or footing p lan 

c ,, lls for rein:foreed concrete made of a standard roix of 

one pArt of cement, two parts of oa nd, and f .our p~rta of 

eruobed stone . one-ha lf inch reinforcing steel , placed 

on six inch centers will be used in t he footing . 1'he sub­

foun~ntion will be one foot thic k , t wenty-four inches wide 

And f our £eet de ep. 

Fo otings under the columns uupporting the con­

crete slab above t he loading nr ea will l;e one foot thick , 

t wo nnd one-half feet square a nd five feet deep, and con­

t a i n one-half i n ch reinf orcing steel p L '1 ced on six inch 

centers. Continuous footings under t h e r P. ils are to be 

nine inches thick, t wenty-four inches deep and c ::, ntn.1.n 

t v10 one- half" inch reinforcing bars . 

Foundation. The fouml ~t ion wi.11 extend s ix inches 

nbove gr ound. level and wi 11 be mnde of r e inforced c oncret e. 

'l'he mix o:r one part of cement to t wo pr.rts of sand , and 

'four p·lrta of crushed stone will b~ used for the foundation. 

cne-half inch r ·einforci c steel bnra a re to be p laced in 
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the concrete to prov ido added strengt h . The foundatio.n 

will b e t h irt ee n inches t hick. 
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F loor and TrA.eks. T11e floor of t h e kiln wi l l be 

made of reinforced concrete four i nches in thickness . 

Th:ta floor will extend t wo inches Rbove t he ground level 

to elir;'l i nf> te surface dr n inage frora entering the kiln. 

The tracks for trucks are to be pl a ced in the f loor a t 

the time the c oncrete i s poured. These tra cks will be 

made of t h irty-five p ound s pe1· foot railroad r a ils . vnly 

enough d e pr ession sh ou ld be made i.n t h e concrete on each 

s i d e of the r a ils to permit free passage of t he flang es 

on the truck wheels. A level f loor of t his t ype makes 

a safer wor king ~urfaee. 

'Valls. The wallo a r e to l: e mr:1.<le of d e nse, hard­

burned brick se t i n tempered morta r. These wall s >,;; ill 

be t h irtee n inches t h ick nn d e i c:hte en f eet ;-i_ nd r1 ix i nches 

h i gh. Tbe wi dth of the kiln wi1 1 be four t een fe et nnd 

the length t wenty feet. The structure is to l :e joined 

to t h e n.ta in building by removing part of tbe hr ic.k and 

ins er ting the brick in the new wa ll . A portion of the 

wall of t l1e exi s ting b u i ld i ng vvill serve ,J S one wa ll of 

the k iln. 

:b"'an Deck . A t wo a nd one-half i nch t hic k r e i n­

f orced c oncrete f an deck supported by three. eight inch 

I -beams , will be provided t hrough t he center of t he kiln 



from one en d to the other . Thie dec k i s io be e i ght 

feet wi de l e ·,ving ,:. three "'cot open apnce on ea c l'.i s i de . 

Anch or bolts will be set in t he s l ub for ins t a ll ing the 

f a ns nnd ba ffle oystem. A clea rance of f ive f eet ,:-,nd 

five inches between th t~ ceilinfr ~,nd the d (?Ck iu r enu ired 

for t h e fr:in syot em. 

Hoof and Ceiling. The r oof will be made of a 

rei nforced concrete slab r es t ing on t he t op of l he bric K 

walls. The roof i s t o 1-: e eight i n ches t hi.c k ~t t h e main 

b u i 'd i ng nnd wi l l decreAse to s i x i n ch es a t the outside 

edge. '.l'his pr ovideo a two i n c h tlr op to im.,ure proper 

d-rn imlp;e n rid. ~ lso prov i d ea a level cei l 1ng . The s l ab 

6 7 

will be cover ed \"l ith r oofi ng ,.,~per ;,nd mopped wi th a s­

phalt to p rovi de a. vapo r bnrrier. Three i nches of sheet 

c or k insulPltion will be JJ l a ced on t op of t h e vapor bar­

rier. A compos ition r oof ft ill b e l a i d over t he i nsula ­

tion . Bolts n nd fla nges used fo r the in , t ,;J.la t.J op of 

ma ch in[~ry and e quipment a re to be pl a c ed in t he c oncrete 

a t the time it i n poured. Cpening t:1 for vent i lr1 ting e ou i p­

ment are provided in U1e roof. 

Doors. The ma in d oor of t h e k iln i a to be eleven 

feet wi de :,nd eleven fee t h i gh , :,nd constructed of t wo 

l r-\ yer s of l am ina ted wood covered ,dt h she et nluminun an d 

b ound on th e edges with s teel channel s . A vapor s eal will 

be nrovid ed bet ,een t he layers of wood . Spe cia l pa t ented 

h~ngers And door tr nck nre provided for pointe of c ont act 
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bet we en t h e c;oor ·, nd b u ild i ng. l<JlY a ir l ea kage around 

t h e door v,i 11 unbal a nce the dry ing condi tions inside the 

/ill i n s pection door shm .. l d l;e p rovid e d in ~-1..ny 

dry- kiln. Th ia door i s oft n loca t ed in th~ ~ Ai n duor , 

but in t h i s c a se, it i s recommended th ,~ t it c1pe n from 

t h e tw ut he ;:i s t corner o f t he present lumber s torage room. 

1h i s locution j s More c onvenient for the opera tor and 

c nnd itiono i ns i de the kiln wi l l not t e e ff e cted ee no~ic­

nbly a a if nn out s i de door were µrovided. Thi R do or should 

b t:J of t be r;ame t y pe of construction n o t h e ma in door , lrnt 

rnP..y be hing ed t o the d oor fr ame . 

The:re \"l ill be n tight fitti ng s teel door be­

t v; e e n t h f· contro l t oh er a nd t he ,ii l n . '.Ird s door ·# ill g ive 

acc e s s to t he f a n a nd l:a ffle i nst ~l l ;i ti on s on t h e d ec k . 

Contro l Tower . The control to~er i a t o be bui l t 

above t iH: slab covering tbe load i ng dock. A part of the 

ol nl; -w i l l Herve as a floor for t h is :rooni . The r ooms will 

ext end t he wi d t h o f t he k iln ~nd e i ght f eet F.i nd :fo ur i n ­

ches to t he s outb , g lvinr-; a seven f oot i. m'; i d.e t!l e -.£H!!'ement . 

~r1 1 s toVJ e r wi 11 h ave e j p;ht inch w,3.lls and a f our i nch roof . 

Two , t h j rty i n c h l;;y t birty- six inch ~ i n d orm ,,. i l l b e pro­

vided in t h e sout h ~nll undone in the ens t wnll . The 

door i e to b e located i n the wes t wall and dec k door in 

t he north vall. 

All i m_.,trument s 11 nd c ontrol panels will be 



housed in th e contro l towe r . Thia i s to Le tbe kiln 

eng ineer •a l ~boratory Al~ office . 
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:all and Ce i ling Coatiµg. ,.., sµ eciul &iln v;all 

:pninl nhould be a pplied to th e walls nnd ceiling . This 

pa int is of t bc r:1astic type and haE goo d i neula ting 

qunl itieo ~rnd n lso reta. ds vapor transmi ·sitrn. This 

co ating should be a bout one-fourth inch thick a wl er ould 

be re newed a s often as co ndit ions rec-,, ire . Under nor ­

rw l ope rat ing c ond itio n po int will last on the ceiling 

a nd wn ll froM one to two J Pars . 

I .o ne ing ,Area . The load ing arer> wi 11 c ons iot of a 

concrete slHb n ix inches thick , f ifteen feet wide ::rnd. t wen .. 

ty feet long . It will be reinforced 'l;';- i t h one - hal:f inch 

steel , .ar$ p laced on six inch centers. A track t o the 

k iln is to be set in t hiri s lab on a r1ine inch by h ·,enty­

four inch footing a nd a s witching trt-ick provided to enter 

t he double do or of the C~,binet t1hop. 

The overheHd s l ab will be aix inches t Lick 

a nd s upport ed at encll corner with ·· 't'.,elve inch by t welve 

inch c oncrete column . Concrete beams betv-;1:·cm columns will 

me,1sure t wel V<? inches by t wenty - four inches . These berrn1s 

wi 11 sup,,ort t he weight of the deck and control to ·er . 

5iJ.:l .i>1:t.lfI 

The most expens ive , nd elal,or nte dry-k fln build ing 

ope_r.ited by nr1 expert d.ry- k i ln ~n g ine er will not e; ive 
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s atiera ctory drying result s without t he r r cper equ i p­

ment . ·.rhe build ing and the e quipment shoul d be desi g ned 

l:lnd ma.de for each other. The efficiency of one depends 

l a r gely u pon the other. 

};qu i pment rec ommended for th e d ry-k iln propo5ed 

f or t he 0kl n},oma .A. &. ~- . Colleg e i s of the mo::.:; t modern 

type. ·_;hen c ons i dering r e<·uiremonts fo r ecui pi::ient t o be 

u sed a.s n.n a id t o inatructi.on, rmd for experir.1entntion 

nnd reseo.rch the most effi cient should be nelected . 1'hi8 

e qui pment should b e c apable of properly dryina nny type 

of lumber tha t might be s elected . Idea l condi tj_ons should 

be estRblished in order to demonstr ate ef fectively , the 

pri nci pl oo of t he oper ntion of a kiln. 

He a ting Unit . :;t carr. heat is t o bE~ furnished fr om 

n high pressure steam line direct from t he centra l power 

pl ant . This steam pressure will be regulated by a ateam 

pressure regulator to mainta in a. stef!dy supply or heat. 

Tbe condensate from the c.oil s will be :retur ned to t h e 

power pl a nt t h r ough a return line . A st am pressure of 

t .. ent y - five pou nds per s _;ua.rc i n ch ~i 11 be maj nt ained e.t 

all time s . 

Co ile . The s t eam coils used to aunpl heat for 

the kiln w 111 b e made u p of s ixteeri p iece a of one Rnd 

one - fourth inch f inned pi pe , eigl~ f eet l ong. Th eae 

p i pes will be ,, ol<led to s teel hc a derfl :rncl arr a ng ed so 

t ha t there are t \:o coils conta ining e i ght p i pes eac h . 



The coils will be placed horizontally across the open­

ing a t one uide of the fan deck ao that heat will be 

:'.ft rni shed to the lumber from the flow. provided by the 
.·:·:·'>.'·. 

f rms . Tbe c oil~1 should have a drop of one- fourth inch 

pe r -foot i'ro . tbr, f oed line to the d ischarg e line t o 

insure proper drainage . '.\·hen reverse ci rcuJ ri t ion is 

doo:ired , the :, ir flov. t'dll come from the kiln charge 

throu(l".h the c o i.1.s vJhere it is r eheate,t; then to the fans 

and d own tho o pposite side of tl1e k iln an ~l through the 

lumber agnin. :/hen straight circula tion io cle::-;ired , the 

nir f low follows t he oppo s ite< irec t ion passing over the 

c oilo from the f a ns . 
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Headers . !lie lleaders used to make up t he GUJ,ip l y 

a nd return feeders for t he coils are to be mnde of four 

inch steel p ipe l.1.nd ¥,elded to t ba finned pi pe . ., elded 

construction will eliminote the uoe of unions for con­

necting the p i pes . 'l'he fee d ,,nd return r _ipes abould be 

inserted ri t the longitudinal. centHr of t he headers , and 

nt a right Mtgle to the coil . The upply line Ghould 

enter nt the to p oft.he header , and the dra in line should 

e nter a t the bottom of the return header . 

Steam Tr aps . One stea.'11 trap should le inGt·lled 

for enc h coil t to collect awl retur n t h e condensate to 

the return line . These tra ps mu s t Le of nufficient size 

to d ispose of all condensate produced by the c o ils 9 and 

nho u ld be p l a ced belmv the coils v.here t 1ley nre fed by 



gr a vity. The trapo s hould be p l a c ed where they can be 

e a sily inspected nnd c leaned wh en neces anry. ,., gr-tte 

vnlve 1.;ho ul d t;e provided in e a c h line ahea d o f a trap to 

provi de a meano of closing the discharge line when the 

trap i ' cl ent ed . 

Reducing Valve nnd Check V~1lve . A stear:1 redt,ci ng 

v Alve i ~J r ecnired where there is n v;, ri Htion of as much 
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,., s t went y- f i -ve percent in st enm pressure. 'l'hi s is p l a ced 

in the stem,; line before it enters the .feeder header . 

c onst:int st e'lm preseu re v1 i l l J>rnvide a more uni form tem­

pe~at ure . A chec k v ~lve sh ou ld b e provided in the return 

line , n b ove the ot(?arn trnp, to prev ent condensa t e f rorn 

re-ent ering the co i l ahen a v~euum i s for med . 

Fann a nd Baffl es. Hour f nns ar e t o be mounted on 

one sh aft driven by a motor loc a ted in tri e c ont rol tower . 

'l'he ne fam.1 are to be s ixty inches in d i ameter , h a ve f o ur 

blade s ea c h , and be loc r,ted so that t hey are e t;ually spa ced 

a bove the fan deck . Two fa n s are to be ri ght hand fans , 

::-1nd the ot h,,r t o ore to be l eft hand f a ns . They wil l be 

loc otecl ao t hat number one frrn rnid numl:ier t \ o fan ,N i l l 

op por;e each other , nnd number three a.nd number fnu r v. 111 

likP.wi ee o npose enc h other . 

Raffles wi l l be a rra ng ed s o thut e ~ch ~· .1an 

i s :<lf.i cod in a n open ing in a b"lffle. 1;nP, ,~ nd of the 

ba~·r e on number one f~1n w:tll be connected .. -.i t b n nothor 

baf fle nt ri n inet y der:!ree angle , wh ich extends to the 



end of the l:i l n . The o ther end of the bf..tf'fle co nn ects 

to t he cor r e · ri o nc. ing end of th e fan b1ff le on mnnber two 

fan . 'l'he eec ond mid th ird funu a re co nnect ed in lig.e 

mmmer HH .. ~i lso three .:nd four f a nG . 1: umber four is 

then bdf fled to t he other end or t he ~iln. All baffles 

r os c h :f'ro111 the f Hn dec k to t b e ceil ing o f the k i.ln to 

kee ;, tho a ir from 8hort circuiting .• 

:;.rumber one , rni. num.l)er fou r f D.na rff e f ed by 

a ir froe1 the endt~ of the kiln and numbers ti10 :md three 

nre fed from t he baffl ed i.a~cti.on bet ·, ; een thom . This ca.uses 

t he nir to t' 1ow fr.om one ai de of the kiln to the other. 

then do wn on one fl i de of t be lumber , throur-h th e lumb er 

and r eturn on tbe ot her t>ide of t h e f a n dec k vjher e it 

wiJ 1 be rehented by t he st enm c oi l s , a nd then l;a ck to the 

f a ns . .'rhe n the d irecti on o f the fnna is c 1crnced , nuraher 

one a n d number f o ur f :cm B f orce the n i r out t br oup;l1 the 

end baffled sect i ons . !;umber t wo ::rnd number three f uns 

o ppose eac h ot her Rnd dr ive t be a ir from t he center ba~fled 

sect i on . The rdr pasaea f r om the f ans ov er t he he n.ting 

coils, then d own the side of t he kiln , and through the 

lul'nl'Jer . I t then returns up t he nppositle s i d o of t he k iln 

nnd lrn c k to U1e f onH ;;here it in r e- c trcul ated. 

Motor and Sw itches. The motor ehould bee 220 volt, 

3 phr,se , 60 cycle, and must d evelop five horse power. ,1in 

ordinfl r y firfi;t grade motor may be used as it is located 

out s i de of t h e k iln . I t should be e quip pe d v,i t h a V belt 
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drive ~1th pulleys t o g ive t fan speed of 1.750 R. ~ . L. 

This n10tor i13 t o be located be l o \. tbe pulley o 1 the ~.rive 

t3haft of the f;-nrn a n d_ the belt uhoul d be c uartled. 

The uwitcb sho uld be a fully automatic tine 

lrw d ouLle throw reversi.ng switch controlled by the re­

corder-corrt. r o ll<:?t· cloc k . 1'hia switch ahould have an ,!uto­

nat ic cutout .for over load an<l un<ler load vol t ,.ig e c,;ndi t ions • 

• 1. manua l contro l s"dtch should e 1,rovided in U ie line a ­

head of t l1E· r1 ntomatic swi t c b no thnt the current may be 

cu t off' in c:H1e work i s to 1:e dnne on the motor or t'nns . 

Ventilati ng Enuipmen~ . The k iln should be c qu. ip• 

p od with an H.utomntic ventilnt lng sys tem. This system 

wi 11 OP"'l' " to from th~ i;1et-bnlb n. rr-:-; of the rec order-c on-

t ro11er . hen the r elnt i. ve h umidity becomes too great 

in the kiln , th e vents will open , a llowing tbe escape of 

hot t1oiot a ir ,i n d the ent:r.:-. nce of coo l mo i r.t a ir . This 

r .g ul a.t (?S the rela t ive humidity ,i nd the temp er !ttur e .. If 

tne ti .i:y - bulb tem per ·i ture ia too g r ea t , t.be ..,u ;..,ply of heat 

wjl l Le reduced. 

Hecor.der - Controlfil• The proposed reco:rder - co n­

trollcr 1·or t !:, c ,lry - Jci ln to be inGtHlled a t t he Gkl, tioma 

A. tt . n. College ·~ iJ 1 be of u ty p e t h a t c o:nt~t i rrn t wo ther­

mori t:ii;~ n m1 a rec order . Cne thE-rmostat wU l o per ·1 te fr oo 

the c1~-y - bulb Brr~ of the recorder n nd. ,.,, ill r egulate tl e 

t e~p~r nture of tbe controlling ~ry - bulb . The other wil l 
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be At t ·, c hed to the record ing arm of the wet-i;;u lb ancl ~ill 

rcP,ul a t c the d1miper ayotem a nd the humidity inj e ction ays-

tem. . 

There wi ll 1:;e one wet - bulb loc:lted ne::tr the 

C9nter of one ,all. I t wi l l be p l e ced midway bet aeen the 

ceil ing nnd the f loor , ood n l so mi d.way fr()rn one end 'Lo th e 

o t her . l 'hin bulb wi ll ,e prov ided wi t h a vr''c il st1ppl ied 

wi .. b water f r om ,,i t.. , .. :.iJ:. n. t t ri er e d t ~11 outs ide BUI11>ly of 

water . 'l'he r ecording µen e .rm will control Urn t. ir oper ated 

v nlv e t<) the damper systen::; s o that it will O/ Cn wben t h e 

humi dity is too groo t . l t LLl o l r:.m c on trol the vo1ve to 

t h e st emn injection systen to udd raoisti,re v,ben t h e hur:ddi ty 

is too low. 

There v.dll b e t wo d r , -bulbs att nehed to th e 

:recorder. f;ne vd 11 b e locnt eel just ,b ov e the wet - bulb, 

And the othe r one on t he oppos ite ~Al l of t he k iln . ~h e 

b n H, on the cntel'inr, s i de of th e t1 ir chamb<~r wi 1 1 nl v,-'.'iye 

be t h e c ontr :illinc bulb <3 He t o the dro;J in tempera ture 

ns t he :,dr passes t l il." e; ugh th e lumr)er. By having t v;o dry­

tulbo, the t empe r •itu.rc • i l be kept more uniform ':; hen t he 

fans n . e reversed. 'lhc recording ·. •.:n n r1n v,i 11 cont ro l the 

a ir valve to U H : ti t c: w .; linf:i n r.d ro:.;gul:, te the a mount of l eat 

in the k iln . 

The ~ens on the r ecorder a(mu •i l l record the 

condit i ons '<, ith i n the l{iln on a chnr t opern t c<l by H seve1-

dn.1 cloc K. Th is cb ;ir t wiJ 1 ce n d i n!' y of the c c nd l tiorw. 



of the k i ln from hour t.o 'hour :rn d from dny to <l ny . When 

it is necessa r y t o l eave t he charge of l umt:er in the k il1 

longer th an one "" eek , the aeconcl cha.rt c an be p l a ced on 

the r ecorder t o continue the record . 

Humi d ifier . • good dryinri s chedule re quires that 

t he humic:' i ty c onclit i ons of t h e k iln be under c onstrrnt con­

tr ol . 1'h i. t'! is r:one by the d i aphr agm- mo tor v a lve connected 

to the stenm opray line . Th i s l i ne should lle in r.; t nl led 

tlu~ ful 1 lengt h of the k i ln ~nd nuppl ied. with s t eam. spray 

nozzlen . The ateam spray line should oper:::, te a t a lower 

pressure t. han the heater line . /1.s t he humidj. t y bec omes 

lo w in the k i ln , t he recorder arm on the wet - bulb will 

c nuse t he v;:1 lve to o pen a nd atearrt will be injected into 

trw c ircuh,t ing n il' caus i ng the hum i dity to inc re,1.se . 

·,;hen t he proper conditions a.re met , the stnam va lve wl l l 

be closed by the r ecorder- contr oller . 

Li eht s ,nnd ,\J iring. The l i ghts wi l l be v apor-proof' 

and pro t ected by ga lvanized wir e c :::i:ging. There \~ill be 

two 150 watt bulbs on e ,, c r; o i de of t he k iln . 'lhe wiring 

\~iJ l ~l so lH:? v apor-proofed '.Ii i t h n met. a l cov (:ring r:i.nd c on ­

nec ted to a. ~wi tch loc r, t ed on the outB i d.e of the k iln next 

to the door. 

Trucks.. The trucku used .for :1 t a ck i ng 11 nd iaov ing 

the lum.ber wi ll ·t:e tntlde o f t v;o s ix foot l engt hs of four 

inch c hanne l-iron :fastened toe;ether t'. i th two h i gh-car·bon 
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nteel a:: J.es. On t hese nxles . will be eight inch forged 

steel wheels t¥it'h t hree-fourths ineh f l.mgee on e a ch aide . 

'J'he ·wheel s will bt? e quipped with roller l: earings. :Four 

of tlrn a e rissemblies wi l l b e Uf>ed fo r hol,i i ng o ne ki ln 

charge . The cross - members between tb e truc Ks \<: i l l be 

f our i nch I - bonrna. :B ight trucks i, ill be provided so that 

t rn ch., rges of lut1be r c an be p iled a t one time . 

Testing KguiEment . It is necessar y to provide 

good testing equipment for a dry-kilu i n order t o klioW 

hen-. to of>1·· r :_1 t c :i.t . It is impoosib l e to i"-.1 1ow liow to reg­

ula te the kiln VJitrwut i,;,nowing the prog res s t li l'.! t is b E> ing 

m:u1e in d.ry ing. The hest of fJCU i PTJlent 1s the lea st ex­

pen~ ive i f t he percent n1.~e o f degr ride C Hn be r educed . 

iroiature eter. An electric mo i s ture rn.e t er should be 

provided to chec k quickly the mo isture content of t he lum­

ber goj ng into t he k iln. It is necess a ry to know the per­

c ent age of ruo i s ture in order t o s elect t he proper dr y ing 

s chedule. A s amp ling C ttn 'be rLi D de of n larg e number of 

boo,rda in a short tiwe. This i nstrumen t is no t a ccurate 

enough t o g over n t he d.ryiue; c on <l. itions t hroughout the en­

t i re time , but it c an be used to help in selecting the dr y . 

ing schedule . 

Drying oven. A good elech· ic ov en nhould. be tlro­

vided for tes t ing t he mo i sture content of k iln samples . 

1'h i s oven shnu l d h, ve f'I thernioatnt control to ma inta in o. 
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unifo:n :i h eat, and it should be v ell insuluted. . 'l'he range 

of he., t shl)uld · ·e uv to 220 degr ees :ii'ahrenheit. l'his oven 

will t: e us ed t o exp el the mo isture f r om t he sm~plea. ·.a1en 

all water ia evaporated , the samples aill maint ain a con­

ntant weigbt . 1'h i s is refe:rred to as the oven-d.r y - \~eight . 

Seales . Two rtets of s cRlcs or ba lances sho~1ld be 

a va il.Able for Y; e • ghing snmples . une Hnmll set of balance 

e c alP.S ~ho:,ld be provided t hDt weighs up to 1,000 gr nms , 

and. r;hould be g:r;;duated in one-hundredth grarin. This is 

used for v1eigh ing t h~ mna.11 sect ions to be tested. The 

other oet of t:;cales sho:.,ld weigh up to fifty pound s and 

be gr aduated in one-1:mndredth pounds. Thia is used to 

weigh the SRmp l e. boards . '!he ronson for using grama e.nd 

one-hundredt h pounds h1 to make ca lculati.ons rriore uimple. 

J3and ~ · A hand sa\"1 should be provided for saw­

ing snmpl RG . It i e used to cut sample boards and n lso 

i::mnll samples. · This saw sh ould have sufficient r;ct to 

un thci lumber ~; i tbout creut ing bent v;hich v, ould dry t h e 

s-:rnple enough to give an inaccurate weight rendi ng. lt 

i o ,• lr·o u::;ed to cut ['treas zecti. ons f or tcst'i ng for c ase­

h;1rdening n nd r ever Be-casehardeni ng . Ghell Rod core- aam­

plea Aho uld oleo bn cut on n bands w. 

Thermometer. A st andard. thermometer E;houl d be a­

vailable to test the a ceura cy of the recorder -contr oller 

thermometers. This test sho 1ld be made periodicnlly so 

' ' 



that a co r r ct .i.on c :, u te I ade in the c ontrolling inntru­

rient in c a se t 1,., . t .it i s not accura te • 

. /memorn.eter . Ml anemomet er r,ho ul d l:; c used to test 

the ,dr flow v elnc-ity 1n v ;nJ ,)U$ i:-1rt o o f t he k iln . !he 

r· ir flow thr riuF;11 t he kiln ch r ge ~ho :,ld l:e t he 3, ,me in 

all pnrts of th e k iln . Thio test c nn be mad e by hold ing 

t h e innt ·i·m-nent At vnrious p l n cos in the k iln nnd t ··,King 
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the rendings . 11oor circu 'J·1tion may r ooult from poo r st nc k­

ing , poor baffles , or t--1 short- circuiti ng of t.lie t. ir flo w. 

The propo1ed dry- kiln for t he Oklahoma A. & M. 

Colleg, ·,,ould not be of t 11<i mo nt expensive ()r the leHst 

cx11ensive types . Th e p l an i s to provide as m.uclJ as _i,os 1-

ible for th e nmount of r.101 ey invested . lt is necosaury 

to provide modern e c:uipment i f 1:-, oo d. drying is expected. 

'Te ·.crd.n~ lilio : .l i he done v.t ti:1 t Lc rnorit c:f i'iciont er:uipment 

nl::' n t · · chine n i d. . 

nu tldin5. Th~ bui)dJng will l:o cnnutruct e rl under 

t.he rmpervi si on of the Buil cHng Supervision Depurtmcnt of 

the Colle r;e . J- l jrn"' ~ml speci:Ocnti onB have 1:ee n prov ided 

for t h i .s Adclit:i rm. Tl:ic co .. t. of t h e build ing ,:i ncl the loncl­

ing a:rea will be in the neig hborhood of ;:; 5 , ooo. 'ihe builn ­

i ng is designed to BCc omr:Jod !te one f nevr.ru l , nkes of 

e qui pment. . 



:·~qu i pment . The cost of t he e c uipment ',hould total 

about ,~2,500,. 'l'h is ~-;ould include all of th e equipuwnt des­

cribed in t L i B Chapter . Makes or brimds of e :; uipment h nve 

not bee n specified in t l is recommen<"'nt i on • bec r; un e there 

nre severnl s ati sfRctor y manufa cturers of t .1is type k iln. 

The build ing pl a no have been inspected by severn1 l , r ge 

com1mn ies a.n< a re ri a t iofe etory fo r c ue11 i rm. t al l.a t i. ons . 

l'he cr:u i pment should be ina t e.lled a nd tested und er the 

d i r , cti on of a dry- k iln engirrner. 
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This ci1apte.r. ·will be confined t o the operation of 

the reaorranemled ·ll"'J - ki ln to 'be construct ed at the Dkl<J,noraa 

,~l": 1rnry stmll~ir to th':! op-:,:rnti.on of' Hny other cxcopt fo r 

could l'.Jn 1lr ierl a t r;rH~ time . 

Tffi; 13UIL.7'IMG 

The bui h!'lng: hae b ,?en described previ ously in de­

tai.1 in Chapt er VI.. The butir: 5.ng r n rccommandc<.l is in 

keei)in{~ 1.dth tb«J gcner .. l nrchitectu~a l ,11an o:f the lndua­

tr ·01 !' rt o Bt:ilc't.ing. 'Ihe p1·e:::rnn1. bui ld ing \'iiill provide one 

of t be ,,,t? lls which wil l reduce the co::ot of conotruction. 

'.rht: loc i, tion in eaGi ly a cces"1iblo to t l:e Cabinet. ~hop . 

Type of Construction. The proposed d ry - .!!.:iln will 

be of brick and reinfc.,rced concrete conot.ruction. n.11 

footine s, :rouncl~::ti o1a:1., a.nd buildir4~ spe c ific a tions have 

been :,1ade by a local A.rch i tect who h as a l-awv, ledg e o f the 

locnl tonditions to be con~idered. These builJ inE epecifi ­

c r.; t · ono rmve been A)')proved by eevernl l arge dry- k iln equip­

r~ent manufaetnr ing c ompanies . 

'Iype of' Drying Eguipment. n1e drying e quipment like-

1;d~;e h a::i teen descrlbed in Chapt er Vl . Thi a equipnent will 

opcrnte w:ith :-! minlmum of h c·£, t ti nd r,ov,er nn d will g ive eom-



pl11te ,,HL1 :r n.p i c: clrcu J., t iM1 of 1. r,f •. .1 r .,, :!.th l n Urn \ ilri. 

lt ·n i11 t e nnc.e:r nutcnnutic cor1trol v,hich t".: tll elimin;: te 

ira11ropflr ~nn ct it :tonn tb nt woulo l>r c nuoed b y· nanua J.ly ope­

r nt ed ,., rill i :i,iri .ent. F::r:roro w:f J occt-~r or1ly ":n <'b on ::d nc t. ht, 

w1:-cnc cir yi r:i G nc}1etl11le or .. ,n net.t in[', t h e :iuf,trur:<;m,ti; fo1-

J'.umber trJ lrn 1:>ried. Lumb er C'Ml be s ec ur e d i n Ckln­

h omn to keep t he k iln in ~oneta nt opcr :j·.., ion. Thi s luml;er 

cHn be s uup i r: d f r om ORW n ills n f:! nr :;t i llvmter. 'l'he p l nn 

i f.l to cha r ge ci t n 11 f'or drying th i ::: lmnhcr. The l"Jill c cm 

pr ovide one trti c k l•rncl , r~nd at tlie timu it io clricic. .. inothor 

loa d c a n be exch;qn e; •J f or tlw d.t' icd oue. '!'}Ji n s,~rv i ce will 

ue of grent Hdva ntnge to tlL co11ee;e, and a h.rn to the p r,i -

c1uce r . 

TH..t~ lCl lJ1 GHARGB 

'Ihe loa d of lumber tha t 'ilWuld bo accot:rmotlated by the 

G, 000 bot}rJ. f<.'!f.!'I.. . I t 'ttuul.d be porrn i lile to have one i ruc k 

lo:, ci of J.umt (n · on Lhe lcw :d nc n.rea while another on e waa in 

the ki. 111 . 

Kind _C?_f_!;m~b e.!_. The lumber to 'be rl ri. ed r1.bould be all 

of on e npeci.efl ~ml ,me ·t h jcirnes s . Tt shnu1d 1:111 cor1t ~d n 

n'l::nut th e r·r~me percent:we of rw if.:it ure . I t i n 1wt possitle 

to clioose a s c hed ule f or d r yi ng lum.b e r vfrd.ch d o es n ot c l o s e ­

ly r eR(mr.le the s e ccnditicna . Specien <>f lumber Bl'lould not 

be mix ed in G. d ry- k i l n . The pro po s ed unit wi l l dry an y 
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chRrge of l umber i f other conditions a re met . 

Condi.ti on of . I.umber . The lumb,r 1.., rw:11,1 be sa.,ed 

to a un i f or m thickneso . 'l'he Vvi dth of t he L: oa r clu is i m ... 

r:mtcrinl . It :is mu<:h e nsier to lmndle if j t i s cut trif' snme 

lengtb . !be lumber r:uty 1e cut green from t he log or 1:1ay be 

a ir dried :;.,rovided that it io not mixed . 'Ihe luml;er r,hould 

be stnck ed properly to )revent wnrpag e . 

l· iling of th e Jharge. '..l'lln charge of lut l;e:r should 

l'Jc cnref111. ly pi l ed on the td ln t r uckn. Trd. s crH1 te lone 

-l ),'/ plt-i, cinc f r'UI' i.nch beans a cross t he c hn.nnels on two fo ot 

cent er}i. 1'he lurnlrnr :,;houl rl be et. eke d n o t hat t ber c is one 

sn pport ~" t e r; ch end of the p ile. The boa rdo i!!h ot..l d be pla ­

ced edgt~ ta edee fl Cross t he truck v-1i th the end s ntr i, i f~ht . 

(,;ticker s m::td e of h ardwoo d one j nch by one fi.nd. one-half inch 

sh ould be p l Hced direct ly over the cross- b eams \d t h the end 

otic ;<ers nt the end of t h.e 1tonrd.s. h.no t hflr layer of lumber 

i s p iled on t hose 1;tickc:r s t he .,,·;me no the fir,,t l a yer . 

ThiB ,d 11 le:nre a. one ind1 H ir spnce betwe en the lay er a of 

wo od . Thin is continut:1d. until the lumber is Hll ::;t ":. c ked •. 

. t i ::3 important to keep the :.:: t ickero d irectly above- oacl1 

other, to reduce W: trp .. g e. 

;:~µc"l c e e sho1;ld b e provided in tlle lumber cha rge 

f 'or sam;-i le boRrds.. 1?igure 3 illustr .. i. t e s pro per pi ling and 

spr1 cing f or ki ln sa;uples. 'I'he s c ap, c es f<"Loul d b e on e;1ch 

t1ide of t rJP. lumber chnrve wit};} one ne ,,, r e;· c b end t1t1t1 one 

ne ,, r t he cent.er . The spn ce 8 c nr 1)e provided by cutting 
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aorne of t he l;oards into short lengths so that the spaces can 

be left for the sample boards. These sample boards obould 

have s tickers under them to provide proper a ir circulation 

about them. All kiln s amples should be end-coated as s oon 

a a they a.re cut to reduce rapid end drying. 

A spe c ial r ack may be used to assist i n ke eping 

the l umber in a11gnme.nt 11hile pi ling it on the trucks. Spa­

cer blocks may be used to arrf)nne t he SJtjckers so that they 

wi 11 be directly above each other. ltuch time can be s aved 

b :r using these devises. 

The charge of lumber is pl a ced in the ki ln and 

a bafne is p l a ced a.t ea.ch e nd , one fron1 the top of the l um .. 

ber to the fan deck, running the full length of t he ki ln, 

and one from the bottom of the k iln load to t he f loor. 

These baffles ,d 11 c au ae All or the u ir that is circulated 

by t l1e fn ns to pass through t he charg e of lumber. If baffle s 

were not used the a i r would f o llow the path of le,Js t resist­

ance ,. a.nd the r.1oet of it v ould pa.as around the lumber at the 

top a nd bottom and a·t the ends. 

nHY!UG SCHE.l)UIJ~ TO BE FOLLOWED 

Tbe epeeiee of l umber !lnd t h e runount of moisture 

thn t it conb d ns, together wi th the t hic kness of the boar d s 

will determine the drying schedule to be selected. A num­

ber of kiln dry jng schedules have been published in the 

United St Rtes Forest l?roduets Labora tory, Bulletin lfo •. 175. 

Table I II of this r e port i s H d.upliCRt ion of schedules !ive 

through eight.. Severa l of the ee g ener a l hardwood schedules 



86 

will be g iven to indicate Ul e drying conditions to be main­

tained in the kiln u.ur i ng tbe d ryin-, p eriod. 

Bl.a ck walnut will be a elected. o.s a material to 

dry nnd should be dried on schedule number f ive a a indicated 

in the 1'echnicnl notes., Bull etin Number 175 . Th i .a schedule 

is ehosen by taktng moisture eample or the kiln charge . '.l'h is 

should be done b y oven-drying because tbe mo ieture con tent 

is too high to get reliab le reading a f'rom an electric mois­

ture meter. This schedule is baaed on mat erial thnt is one 

inch thick whic h contai ns forty-five percent moisture. 

TABLE III 

Genera l Hard,uood . !:,c:hedules 

Stock 
moia- Schedule 5 .Schedule 6 
ture 
con- D. w. R. n. w. R. 
tent .B. B. H. B. :a .• H • 

T. T. C' T. 1' . ! 
45 120 113 80 115 108 80 
40 125 116 '15 120 111 76 
30 130 119 70 125 114 70 
25 135 121 65 130 116 65 
20 140 1 20 65 135 116 55 
15 145 119 45 140 115 46 
10 
to 150 112 30 145 106 30 

Fina l 

D. n. T. - Dry-bulb Temperature 
w. B .. T. - wet -bulb Temperature 

Schedule 7 

n. w. R. 
B. B. H. 
T. T .. .. % 

110 105 85 
115 108 80 
120 111 '15 
1 26 112 65 
130 112 55 
135 110 45 

140 109 55 

n. u . % - Relative Humidity Percentage 

Schedule 8 

D. iJ . R. 
B. B. H. 
T! l'. z; 

105 101 85 
110 104 80 
115 107 ?5 
120 109 70 
125 110 eo 
130 109 50 

155 10'1 40 

1.ireliminary Dryine; .Period. The p reliminnry d rying 

pe riod of a bi.) ut three d ays bring the bo a r ds above t h e aver­

a ge moisture c ontent down to near the r,vernge so that the 

,, 
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reaction will be similar on nll pieces of lumber in the 

kiln charge. There wi ll be very little drying of the drier 

samples . 

Yain Dryit1£ Conditions. The next otep in drying will 

be to aet the readings on the recorder-eotttroller to the 

succeeding step that is indicated on the drying chart , and 

then change as the samples d:r-y to the moisture content liet ... 

ed . This drying period may t ake a week or more depeudiug 

o~ the a.mount of air circulation. The kiln sainpl es should 

be v,eigbed e a ch day , and the ir moisture content recorded. 

This moisture c ontent wil l determine the t ime to change the 

recorder-controller. Lumber should be dried as r .a.p idly as 

pooai ble without cauai.ng surfac e checking. 

Humidifyi !1f! and Sterilizat iop. 'l'he problem of main­

t nin1ng the proper ;rrmount of humidity in the k iln is solved 

by the us-e of the recorder-controller wh ieb opens the vents 

when the a.mount of humidity is too great. and opene the steam 

spr~y line wh en the amount or humidity is deficient. A. ster ... 

ili.zatton treatment mny be necessary in a dry-kiln if stain, 

mold or deeny are d eveloping in tho lumber. ln the sel ected 

schedule. it could occur only in the pre liminary schedule be­

cause these conditions c annot exist wb.en the temperature is 

above 120 degrees Fahrenheit. 1'o kill the growths, the tem­

perature should be raised t.o 1 25 degrees Fahrenheit a.t 100 

percent relative humidity t·or Q. period or one hour for each 

one .inch thi.ckneso of t.he l umber . The regular schedule sl1ould 
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be maintained art er the steri 112ation bas t ri ken place . The 

sterilization treat ment should be uaed at any time it is 

needed when dryi.ng a charge of lumber. 

Final Drzi;ng. l'he final drying period is nminteJ ned 

to try to get all of the samples as nearly ao possible to 

the desired moisture content. The driest sample in the kiln 

should be dried to a. moisture ooiltent of one percent below 

the moisture content of the lowest value of the final. range. 

These conditions should be maintained until the conditioning 

treatment is started. The amount of time re qu ired for this 

st :1ge of d rying mny v ary t"rom three to ten da:,a., depending 

upon the spec iea and thieknesa of the lumber. 

Condit ioning Tr eat ment . 'l'he purpoae of the condi­

tioning treatment is to equalize the mo isture c ontent of 

the boarda. The relative humidity will be increas.ed to 

add some moisture to the outer layers of' the lumber. The 

core of the lumber will continue to lose moisture as the 

shell i ncrensee in mois ture eonteot .. This '«Vi ll equalize 

the stresses that oceur in the lumber while it is being 

dried. Casehardening and reverse casehardening ls relieved 

by this treat.mont. The conditioning treatment can be per­

formed only in the compartment type dry-kilns where the con­

ditions can be cont.rolled. 

Samples ma,y he cut from the sampl e boards in the 

kiln cha rge to determine the time to remove the lumber. Two 

tests should be made to determine these c onditions. The 



nbel l rwd c or e t est \'fill Live U ·e t, c1·cent afJ ' t'i of rnc:,iature 

fl(;h! th e i.rn.r f, ce or ttic t c a r d &r.d a t t b (, cc n t [r . 1··rie test 

for CfH~el: .:1i- l t:rdn1:~ :·::,<~ rcu. rt.'lfi c :::::.ct Jrde rdnc :le n,n.de by cut­

ting t1 r: ~;u;., ;. l ,~s tu :..r.<..icate tr.e tu:f ion nn tt!E i,.,roL(. ti . If 

t he luml.an: is c ~.:Jcbtirc:ez ed . the prc·ni: & wil l clcrne a t the eml s . 

nnrl if 1 't is reverae CRBf-?ho.r<iened , t!·Jfs pr or.ig~ ;,1 111 spr ead 

a ph1: t a.t the ends . :he lanil:!:r mu Pt l;e free f rom tlH:se st re .,, s ­

es i f H i.J '... 0 bt re s~.wed. . :Fi ,urc ;..; 1n G1rn.;)ter ..:r i lltrnt r a t e s 

tlle tE-st.s U,1,t are r:iad e fo r t hese C(Jt,c.i. itionu . 

,:\ c omple ·! e f;et o f rec ords s tould be ke !:t on ench 

clrnrge of lumLer -:,hr~t is be ing drie::<i . There uho ,~ ld be uo 

g uess wor k i n d.X;i ing lumlic r . ':i: he c b&nce of error is t. 00 

g r eat t i:; :ri s k the damage t brit will occur i n t l~ e iumber • 

. er epared c h nrt 12, n r e a v ai l ab l e t o t he npe r .:;: to r ·>f t be c. r y­

k i ln for record i nh all of t he c ond itions . 

~~imJ .!1.l:.~X.. Moif:!t~ Condi ti~. En0vgh s rn:~p les 

s h~ t1 l d l;e tented w1 d. Je t h~ ltm1ber i s b e i ng :-' iled to r•ak:e a 

reli~.ble oeitj m~t e of t h e mois ture c :::.ntent. i!;ac h sampl e shou l d 

t e te~ted ·'ith a moiat ure meter if th e percent, u.-r 1.: of urn isture 

is below t b irt .r pe rcent . 'l'h e oven-d.ry metho d o f t8::.1U .ng 

t,h ould b e used if the mc·:i. ::iture c ontr:n t ;.s ri ,o ve t b jrty p e r­

cent. The lUlili..or CLH1 Le f.H~v ei·ely d tunagcd in t h o ini t i a l dry­

i n;; ;er iod if t h e impr oper d :r yii1g s c hedule i s u ae ll . J urface 

c hec ks will occur i:f the d.r y i .ig is too r ap i d or i f th e r e l a ­

tive humidity Js too lo~. 
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Daily Readings. Fim:il reaul ts onn be more easily 

calculated when the readings and aamp1ing procedures are 

completed at the aame time eaeb day.. The recorder-controll­

er chart will indicate the conditions inside of the kiln. 

This will give the read ing s of the wet-bulb temperature., 

the dry - bulb temperature, and the relative humidity. The 

sample boa rds should be fmd-eoated and carefully weighed 

,,hen they are pl a ced in the kiln • and ea.ch day thereafter. 

'l'hese weie;hta should. be recorded on a. chart, a.nd the moisture 

con tent shou ld be ealcula t ed. The e a lculot ions will be used 

ns a baai s for changing the drying conditions during the 

drying process. 

W1um tbe average moisture content o f the samp.les 

is one percent he1ow the def-iired final moisture content the 

co nditi.oning treatment should be started. The recorder-con­

troller should then be set so that th-e equilibruim-n1oiature­

content is one percent above thf desired final moioture con­

tent. 

Final Readings . The final reading$ of the lc1ln charge 

should include the moisture content .of the sample boards, 

the moieture content of the core ~nd the shell of the sample 

sect ions. These readings on all samples should be w ithin a 

range of o.bout t wo percent. u· the ebarge is properly dried. 

All o f these reading s are recorded on the chart. 

Operations Reeord. A sample of the records that 

should be kept on a. cha.rg e o:r lumber tha t is b eing dried 
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in a dry-kiln will be listed. These records were made by 

the writer of' actual drying conditions in a dry-kiln at the 

u. s. Forest .Products Laboratory. The charge of lumber was 

one inch yellow birch with an initial mo.isture content of 

34 ... 7%. The drying schedu1e was taken f°rom Technic·al l~ote 

Uo. 175., but ">1na not followed in all respects even though 

the r inal desired. res1.1lts were obtained. 

Record No. 1. This record is kept "from day to day 

and shows the actual conditions within the dry-kiln. The 

rend ings of the wet-bulb and dry- bulb temperatures are ob­

tained f rom the recorder-controller chart. The other cal­

c ul.mt ions are made from these figures . It has been found 

to be more convenier1t to malce the c a1culations if the in­

strnmente are read at the same time each day,. 

Record No. 2. Tbis record is a. dai ly reading ot 

the new weight ot the kiln em11ple. This weight is used in 

c alculut i .ng t he moisture content.. Conditions of the dry­

kiln are changed to conform to the selected schedule 

using the moisture content as the baais for the neceso,iry 

1·evioions. 

n ecord Uo. 3. Thie record merely indicates the 

moisture distribution or the kiln sample when the drying 

h a e. been completed.. There should be a very alight differ­

ence between the moisture content of the shell and the core 

of t he s ample. The method of cutting this moisture distri­

bution sample ia shown in :B~igure 2. pag e 2?, of t h is report. 
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one I:e£h Yellow JHroh 
{Technical note No. 175) 
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l-'foistur .e content. at ifi1;;\i 
cha!!Ses should be made 

· · Percent 

Dl"Y-bulb 
, Temp. 

Def!!"eea f . 
140 
145 
150 

Wet-bulb Rel a t1-.e 
Tem;p. . Humiditf 

D~e~s f . Perceri 

·i ' 

4o or more 
3 0 to 40 
25 to 30 
20 to 25 
15 to 20 
1 0 to 15 
10 to '.final 

1 55 
160 
165 
170 

RECORD NO . 1 

32 80 
135 75 
13'1 10 
136 60 
135 50 
12'1 35 
116 20 

Record pf Kiln Condi tiona 

s~ecies 1 Yeliow Bircth Staiited, 9-16-48 Jtinishei 9-28-41 
Dry- wet- wet-

Date Hour bulb bulb bulb R. H.. E. M.. c. 
:e. Al a deJ?res. 

OF oF. 017 :Percent Percent ~ - ~ 

9-16 2 140 132 8 80 1 3 . 0 
9 - 20 2 142 134 8 BO 13 . 0 
9-20 2 l.60 l.35 25 50 6 . 8 Cond. 
9- 21 2 160 136 24 52 7.0 
9-21 2 165 12'1 38 34 4.6 Cond. 
9-22 2 165 12~ 39 33 4.4 
·9-Z:.-S 2 165 127 38 35 4.6 
9-23 2 170 135 35 39 s.o Cond. 
9-24 2 170 13.5 35 39 t>.o 
9- 25 2 170 135 35 39 6.0 
9-~.?'1 2 170 135 35 39 6.0 
9-2? 2 1'70 154 16 6'1 9.0 Cond. 
9 - 28 2 24 hours eonditicdng a t 9% E. M. c. 

C-h. 

Ch. 

Ch. 

Ch. 
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RECORD .NO. 2 

Record o"f Kiln SamplEI 

Species, Yellow Birch s t,rted 9.16 .. 46 Finished 9-28-48 

Date 9-16 9-20 9-21 9-22 9-23 9-24 9 - 25 9-2? 9-28 

Hour. P. H. 2 2 2 2 2 IJ 2 2 2 2 

T. Uours 0 96 120 144 168 fJ 192 216 268 292 

Weight 3351 2890 2774 26~2 2652 # 2144 2135 2121 2141 

;t .. c. 34.7 16.2 ll.5 8.2 6.8 I '1.5 6 .• 4 5. 7 6.7 

# Intermediate section was cut mich gave a ne~· v;eiabt. 

RECORD NO. 3 

:Moisture and s tress Record After Condi"'ionipg 

Shell Core Avex-ye 
wt. o. D. M. c. wt. o. D. M .. c. ;;t. o. D. M. c. 
Gra . Wt. % Ors. '!Jt .. % Gro. wt. % 

47.19 
Gro. 

7.3 
Gr!• 

7.1 
Grs! 

44 •. 00 30.22 28.22 73.21 68.46 '1.0 

Conclusions. All records tbnt are made on a charge 

of lumber should be evaluated and filed for future reference. 

Wnen loads of lumber h aving simila r C()ndit1ona are dried9 the 

recorda may be used as a guide to more efficient oper at ion. 

The time spent on keeping compl,te records ie well worth 

t he effort. Al l reeorder-eontroller discs should b e labeled 

,i.nd fi l ed for future comparisons. 
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The use of these records may mean a saving of one or more 

days t 1me i n drying a charge of lumber which in turn reduce.a 

t he drying costs. 

Lumber c an be dried to complete satisf'actiou if 

the above outline is follo ~ed. Theae directi ons will apply 

to the opcrnt ion of eny Forced-air Compa.rtment Type :Jry- Kiln. 

The size of t he kiln . and the kind of oqu.ipment will of c ourse 

a lter eom,e of' the com. it ions, but an exper ienced operntor 

will be able to meet the demancle. 'l'.he l arger kilns will re­

quire more time for check ing and maintaini11g proper condition.a 

than the smaller ones. 
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The follo wing in a 11st of· Technical Hot es a nd 

Heports that have been prel)f, red and published by t he 

lJ . ~1 . Forest Products 1.nl:oratory. These public Htions have 

been ot ud ied in t he prepr:~ra::, ion of this report , and shoul d 

be RCCes s:ible to al l dry- kil't:1 eng ineers . 0ther books 

used in t ho prepnra,tion of this report are listed in 

t he f'or egoirtg bibl iography. 

B -11 

D- 5 

.b' - 13 

1 24 

148 

1 56 

175 

18 0 

186 

208 

213 

2J.8 

233 

234 

241 

Technical J:lotea 

l~ethod of determining the moi sture c ont ent in 
wo od . 

Co r rect mois ture content of' lumber . 

l~oisture c ont.errt of wo o d at different humidities • 

Mat eria ls used in dr y - k iln construction. 

Care imd use of t he hygrometer in kiln drying . 

Hun1 i .d ity t Hb lc f or wet vnd dry bulb hygrometer . 

Hardwood r1nd s of t wo od dry i ng t, c hedule . 

Comp a r at 1ve s trengt h of u ir-dr i ecl nnd kiln­
dried wood . 

Goa t inf~S thnt prevent end chec ks . 

Revers ible ei :rcul, ·tion internal fan k ilns . 

I)etcot 1 on a nci r e li .ef of eaoeh l'l.rdening . 

-:eights of v ari ous ;~ oods grown i n t he Un ited 
E:t atea. 

Approxima te a ir t~e·- soning a nd k iln drying periods 
for inch lumber . 

Longitudinal shrink:nge of wood . 

~;hrinkuge t i;,b le for soft wo od lumb e · • 
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R859 

R958 

R958 

Hl 023 

Rl093 

n1140 

Rll40 

Rll74 

Rl205 

Rl242 

Rl 263 

Technical llotes (Cont 'd) 

F iber-satur~tion point of wood. 

United States 11orest .Products Laboratory 
Proceased .Rep0rta 
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""Th.e. 1'' iber-Saturation .,Joint of Wood as Obt~ir1ed 
from .Electrical Conductivity :Mensurements", 
by A. J . ~t amm, 1929 • 

lt])imeneion Changes in Millwork Due ta Varying 
Atmospheric Conditions•, by J·. s . Mathe,tson., 
1. oo-d Worid!lS Industry, J une, 1930 . 

•Proper Care of Millwork~, The Constructor, 
l'fove-mber, 1930. 

"An Electrica l Conductivity :Method for Deter­
mining tbe ?~lois ture Content of wood .. , by 
A. J' .. s t anm1, Industrial and :Engineering 
Chemistry, July , 15 , 1930. 

1tLongitudinal Shrinkage of \'ood", by Arthitr 
Koehler, American society of' Mechanical 
Eng ineers. Transactions , ·,uood Industries., 
April, 1931. 

41Controlling :Moisture Changes 1n Lumber in Cl.osed 
Storage Sheds 11 , by J. s . Mathewson , T imberma.n, 
Februa.ry, 1937. 

••Automa ticnlly Controlling Lumber Storage Con­
ditionst. Canada Woodv,orker & Furniture lianu­
facturer , March , 193?. 

,.s easouing of' Beech Lumb er Hnd Dimension t~tock•, 
by R. C. Ri etz, 1938. 

-Ventilation in a Dry-Kiln ... , by w. K. Lough­
borough, South . I.brmane;, Oct. 15~ 1940; 
•0 ood .Products• Dec. l931J Wood Vi ork ing lndua., 
J uly 1931 .. 

'*~eauoning Dimension :...tock• , by o . w. Torgeson, 
Wood Working Indus.a, June l 932; .Purn. Index, 
Oct. 1 932. 

~ echniques of Dev eloping a Drying l>rocess for 
Small St.ock" , by o . w. Tor g eson , 1 940. 
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H1478 

Hl 6 02 

H. 607 

Hl642 

HlG44 

:11645 

Hl646 

iU647 

Hl 6 48 

Hl 6 49 
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iflJnifo:rmi t y of J ir Dif; tri but ioi in t1 Lumb er 
Dry- 1(i l n 1•, by o . ': . 'Ior geson. ·;,out h . Lbrman, 
p pri.1 15, 1 9 40 • 

.. Wh y th e i)ryine 7 ime of a Kiln Loa d of Lumber 
is .,\ f f octP.d by .-:,,lr Velocity '., b y u . ·. i . '! or ,eson, 
1941 . 

'*Kiln ~c hedules for B l ttCK {mlnut ,. un i;tock .Blanks•, 
by li . H. ~"ri ith r, nd o . ;1 . Torg eson , 1943. 

".llf f ect ot' !.Coi s tur e l;banges o n the ~hrink ing, 
Swelling , Specif ic Gravity, .Air ;;pace, ',:eight , 
~ i mila r .Properties of ·xood: by J . D. 1ta c Lean, 
1 944. 

' 1Fu:rnnce-type Lumber Dry-Kilu ~, by ll • .• • ~ orgeaon. 
1945. 

"Fur na ce-type Lu mb er Dr y- Xi n it, ~uppl ement to 
Rl474 , "Oner a ti on ot· a n hx periment a l Unitd , 
by E . H. :Jmith , 1 945 . 

''St ea rn Reui r ement s i n I.umber Dry- ,alna,., by 
L. v. Teeednle , 1936. 

• A. wood- element Hygrosta trt, by i;. J. ,Johns on ~nd 
E. F. Rasmussen , 1 946 . 

itUse cf Kiln firunples in Oper at i ng a J.urnber Dry­
Kilu tt, by H. II . !;m ith , 1 946 . 

"How ·,.o od Dr iea t'f , by '.1 . J. Baker, J!!ebrunr y 194 7. 

1t_1;:11n ·.rune - up.a to Correct Nonuniform Kiln . Drying 
Conditions .. , by E . ». Hasmuaaen ., lt ftr ch , 1 4?. 

,.An a.l y sia of J:rob l ems ite l a t ing t o Un iformity of 
Kiln Control'', b y ::,; . i· . Hasmu ssen, !!.:'. ar c h 1947. 

ttl):ry-kiln Build ing Mat eria ls and Constr uction", 
by L. v . Teesdal e , Karch 194?. 

~ co nomicRl and Ef ficient ~ iln uperation 4 , by 
:1 . x . Loughborough , 1,r,r t l 194 ?. 

,.Sori e Vood - mo fo ture Relation s .. , by L. D. Eapenn.s , 
l pr D 1 0 47. 

"Methods of )et er r.J ining t b e .:o iature Cont en t of 
Wood", by J • . v . 1tc Villen , ~\pril 1 9 47. 
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qf3hrinknee of .'iood .. , by E . c • .i:'eck , ~.:a y HM?. 

Dr yirig J tresoes in Lumber Se u oning .1 , by , . • J . 
B:;tker • July 1 947 • 

.. ..Sffect of ,k-1ling eth ods on iti r Ul.rcul:.1tion in 
fl Lumber Dry- 1.:iln • ,. by o . ·;,· .. 'I 01·geoon , .., uly 194? . 

1lTet pera turo Me tn:.mring au1 ::;ontr,"llirig Devic es 
i n L1..1nber Dry- Kilns", by } .. • .::; . Xi mb ul l • i;cpt . 
1947 • 

.. Constrt~cti nn nnd Use of Grapho i n .. {iln .Dr ying 
! .umber , l;y 1~. E . i~imb fi ll , Augu . t 1 94 7 . 

tt".~ lectri Ct'\l ~s'. 0 ·ature Meters fer {ood ~. by E . R. 
Rell and i/ . 1t. Dunlap. 1;ovember 147. :..:;uper ... 
o edea Report Rll46 of the same title . 

"Type a of I.uml:er Dry- Kilns" , by E. F. Hasmuseen, 
March 1 04?. 

'1Types of Stean1- He a ting Systems , F low of Steam, 
Cnwrn i:inrl. 1:-: f fect c: f 1", ir a nc. ·.-:at.er I:\ ind i ng , . 
lmport nnce of titea.m Tr·aps, St e1uu .i.'ressure , 
und He P. t l'r nnafer i n I,tttnber Dr y - F iln~i 1t, by 
:8 . F . F:asrm.u1sen:, "~~i r c h 1 94?. 

I< i mcall , Ja.nu,, ry 194?. . 
,.i!,i . 

"Heed for Uniformity of Ternperr ture i n n Dr y - Y...lln n, 
by .~· • • ~. l oughborougl.1 , E ay 1 947. 

'\3t caming J3lac k :.'a l n ut I.umber to Ihr Leu t h e 
~3a;H"*ood*, April 1947. 

_"Circultttion of 1i.ir in a Lumber Dry- Kiln,!\ , by 
c . ~. 1 orgeson , J uly 1947. 

,.k' cthod f or Centro 11 ing the 1.''.oi ature Gout ent of 
·::ood Going i n to l!'ur nt t ur e .• : roductlontt, by 
n. c. Rietz , September 194?. 

"'.Kiln Dr ying of ·;,bite Birch 'l'u:rning Squnres 11 , 

b y E . E . ~'m ith , December 19~7. 

r-:hr j n !,tl.fZ::: of' '-"cod •1, 1 91:l l . 
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