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Abstract

Six rubber wood drying plants were investigated for identifving a good practice in drying or kiln
schedule that can produce low degrade of dried products. Drying strategy, board arrangement, kitn
design and equipment are the important views of the survey. During drying process, kiln environments
such as dry bulb temperature, wet bulb temperature, air velocity and wood moisture content were
measured as possible, Steaming and venting are also observed. It was found that sawn rubber wood-
drying practice have been done by own experience and lacked of instrumentation and moisture
menitoring,  Although the defect boards from sawing process were chosen out before treated by
chermical sclution and drying, some of degrade boards were found after drying process. Twist, crook and
bow were occured more than the other forms of warp, however, the total amount of warps were only
0.16-0.76% from dried products. 1t can be concluded that rubber wood drying should be operated by
kiln schedule. The schedule at the beginning should be run by dry bulb temperature above 45°C or 50°C
depend upon the boards thickness and quantity and at high humidity, more than 80%. Steaming should
be functioned at the early step of drying and also at the end of the kiln schedule, when the MC in wood
was reduced to 15% before reached the final MC, for stress relief. Kiln monitoring, instrument checking,
maintenance for propery operation and attention in wood stacking are the good techniques in rubber

wood drying.
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Number of annual ring per inch 5 5 5 - -
Moisture content 80% - 12% 12% 12%
Specific gravity (based on oven dry) 0.58 0.60 - 0.70 0.64
Shrinkage - radial n 1.31 255 - -

- tangential i - 1.53 5.20 . - -

- volumetric - il 8.60 - -

Slatic bending (kg!crnz)

Modutus of rupture 535 887 873 973 1,023

Modulus of etasticity 68,70 1 93,500 96,000 95,000 103,900

Fibre stress at elastic limit 0 550 610 600 665
334

Compression// to grain (kg/cmr)

Maximum crushing strength 283 | 438 478 478 505

Compression Lo grain (tang.) (kgfcmz)

crushing strength at proportional limit 34 94 93 s 92
Tension # to grain (kg/om’) - radial 19 27 28 29 24
- 21 29 29 28 24

tangential
Shear (kg/cm’) - radial 74 120 155 162 139
- tangential g7 156 169 162 139
Hardness (kg/cm22 - radial 285 87 544 538 497
- tangential 287 353 532 538 497

impact strength

Maximum load, kg - - = 149 118

Work expended, kg-m = = = 29 1.7
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Fersnsmegluios 25%-40%  daunmstlasiuonuussssiumstiosiunsaussnlanl@mdadusans
wanlumnnenaiielita 95%

SemFlumslariuioannitosidiiduiagiuasdnananlsnauuefiind wieitena
maRvinhnued (Tim-bor) %qﬁm’mﬂaaﬂﬁﬂﬁam?ﬁ'ﬂﬁﬁ'ci'lumiﬁ’mﬁﬂ;rﬂﬂl-h’umgﬂLﬂuuﬁm’ﬁﬁﬂs‘ua:
qﬂn?m'ﬂuusiqmﬂluf'{ﬁmﬁm?ﬁ’nﬁaﬁw:ﬂ'n" dauﬁﬂmﬁﬁmSujﬁiﬂﬁﬂuliuﬂnﬁnl'ﬁ'mulﬂLdmmmﬂuﬁv "]
uinen CCA (Copper Sulphate- Chromium Dichromate —Arsenic pentoxide) ¥ ACZA (Ammoniacal

- Copper Zinc Arsenic) Uay NaPCF ( Sodium pentachlorophinate)
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41 BAE (Boric Acid Equivalent) mnanslalidntasusianeda 8,0, = 56.3% axfiad A1 100%BAE 34
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5. nsaulaitiearns

nesumumzeL Wenamasiunssimumsfidaihosnanifasznevegiuplranitas: (e
water) TWT8999109RF ua:ﬁw?‘imﬂuuﬁqma&ﬁﬂﬁ (bound water) Tusswinanseuinindassazennty
Idriau dauﬁﬂﬁﬂq"luuimaa'tﬁa‘lﬁq:ﬂﬂnlﬂmﬂnfi'uﬁm'-rmf-a:ﬁmﬂfﬁuuﬁ’amaa‘%atﬂu‘[ﬂsm?ﬂwﬂnﬁﬂw
Lﬁﬂﬁﬂﬁ'ﬂq'luuﬁmﬂf&ﬁﬂ'lﬁaﬂnhl BiRazfanimaim Taafaciimmsimusannsiosniusisswndly
unfudafundinnnduniaitaeih dnfunseuwidsmmindaaannssfaelalddebilkmudu
FAnIuIEwInseudenasantnduunoredilAmansdaunnniseuwinsdasenliiie 1w
AL (MC) a'i'm'i'r-!mumm {fiber saturation point) Li’iﬂiﬁﬁﬂqméuﬁ'ﬁndﬁﬂgmuu'\ﬂ AMILATIARBUT Y
qUrsannsuninszane (diffusion) FuReiuilasnaruunsresailestimsnldsusUasme sy
ﬁu'lﬂﬁ:ﬁmﬁamﬂﬂ‘lﬁﬁ?mu%u@w'hjomu1ﬂ‘[mumﬂﬂﬁ;amﬁ'weﬂ'ﬂu%mnﬂu‘lﬂlurﬂmm capillary action

* H " - . 1 z ﬂl [l
winAsuusmsrnusulaariiiniaila i uaindyawina (9]
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meauliidunszuqumsiigediindauamufouinununn wissllHinmsdmnlsmenizanza
SawduilEiumseuliionmnn wifinsrudldfnsiofurdsnudilumseu il Jessyi msey
WiliFsamsmaaute 40-70% tnandarunlilunssurunisdnsdniomianliitoms Taemdanuilg
azflundsftiunsrsmmireenty wé’muﬁﬁﬂhﬁﬁuﬂm}'ﬂmﬁﬂ‘lﬁﬁqmuqﬁqﬁuﬁqqmuqmuﬁmu
uaziisdalindanumndeuraraiundsrigy@alisnmniharidouinmiviossuuasaydly
AuretirasmiisouLasteeTnEANIN wé’muﬁﬁﬂﬂ-ﬁﬁqiﬁuﬂfjﬁ’ué’num:wmﬂmwnm'lﬁ
nesumumraLuaslssRvanwaaadiany niarui i lumseyiasiialsnm 153 vitmemdnuey
Soufidedlilummsmetih (23 MUkg) Tessumnainindsanimdssuanauienlummuusiclisem
winsa WBszmnhnnniweseufinwnalugnd dswiubideseutalideudalneialoammas

upmuiaulunseu 4.7-7.0 MJ/kg [10]

{ >
5.2 vasauliganis

nseuisawrdmnniiinmseulreaniaiaudlasndursuud hifudauussunsuaieiu
nrevlinliatuqduin deeauiliFendt conventional ki aanzndnuunliiiluasmanie progressive

w3n semicontinuous Aiuanalug? 3 uas 4 uA compantment W3 batch Auand gl 5 uaz 6

117 3 waranisauliFotistaunsy progressive W3 semicontinuous
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SF-25M3 25M3 7.7x4x4.6M 100 kgs/hour 3HPx4 pcs
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97 17 wasednuouziuvinanilfludeseull
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RAMNINUL (overhead fans) 1 2 WILAR ANHSINABINNEMBHTNNANAIMAMINGIINEBY RANNNS
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304 (sticker) Medadualiufiossuuansdionli 21 nesliFiinnehssiudiedpdaadunseciides
snametunasisaiudon JeteeinadiGundn void ratio (VR) Ae fadautesinaraenelis

nremesll - el -1 . . 2 - .
VR = 1 :m" deeniliinaranirlvareseimiadunedliuasan I lumssuuis
thnmmeddd

nadimT VR innugasinfinsluaituresenmaléanduazrzauuialdifndanealdnd VR dsandn  9an

msamainneslimnasne WANRATIEY void ratio dusieTyd
neellfenawsming 1°x1"x105 cm VR = 0.593
nealifEantsIuR 1.5"x3"x105cm VR = 0.561
naalifEanisTung 17x4"x105cm VR = 0.364

nealfigamnTunm 27x2"x105 cm VR = 0.326

L3 =  a nr 4 L1 ] )
nseylfireddneyinavnrfdrrstineunuareaneull (MC) RruAn  LRWiBLAeN
= X o g . 3y . P
umuangnMpiiuazATNILluleey wuumnarlinsnmadarniulidusses) wnFaudioussi
; X v e - i y ; ., 5
A luAnsmmtuliiauanudnfuguugll - Aoaduluisseulfimunzansundtazeuliaunssi
: k4 1 .II 3 - k" } 1 .. 3 x L4 i
Arwtdliludiaseulfniudhiisoms Sanfinazelifliuduandranduaugaredli (EMC) #
L4 1r e x - -
yssmemnn i fsnnlsznnm 2% dounissuminamTsAuANgMgiiuasa i luiesnvTe

AT EMC

7uUf 21 eamdneniznizdaGuslilniaseulioemn
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(msusieimushatnar Lifinssssseudewianseumunsm - EMC) szaulreAIuANguUgiinsz iy
wiwasilonluaaay %qmmquaumﬂﬂﬁmuﬁﬂhﬁuuu PiD (Proportional-integral-Derivative) st
mr’fud’:yrg*umﬂ'qfqruv.qﬁuﬂ:mw%uluﬁ’ﬂmmﬂ?nmﬁﬂuﬁ'uﬁ'ﬁ‘is‘?ﬂf‘n’mum'mqn'waud'nﬂu'lumu*?'i
Asamnidalil winuansiufiazdedgyullrmumiigunsaiiapitem u madealandleth ns
Dateersinermtu maawdla wausinssiansmuesiaan (niduieseufiinUfufiamanis
wyuuazATFeIReanls) (udu m.mmuquuuuﬁ;‘ﬁamaﬁq:muauﬁmwmnlﬁmnqﬂmrﬁm‘:’;mﬁa
FPNAMIATIRABLILASAUATH A HANE TNﬂu'lﬁmqmﬁlmi-ﬂ{ﬁﬁumvguqaﬂ’n'limsmuF;uuuu'ﬁmﬁ:
asaonuasUrninussuaulunTauanizey ﬂti'n'hﬁmummumumﬂmfmﬁ.uqmuqﬁuazﬂ'nu%u'[ﬂﬂ
Weumunuitaafrialaeily Lﬁma'mmmmﬁﬂﬁwauﬁﬁmummu'tﬁatimhﬁfﬂﬁﬂnfi'mm‘?muqu
viaseuWimmenlaldlunizen lumsad 3, 4 uss 5 Jushetmnedayaniseuliienminiirusy
mwu%u'lﬁua:qmuqﬁ/mm%uuwmn'luﬁmﬂu daumai 6 Wudoysdadaumasidomumnnauth
Tiusrplunmeininie
ANt sdy AN A s nanamaanaiamey e

A alsfletia 1 fat 2 Dadesszinspnnidu 2 $9he

T(DB) Ae gumpiinsznlizwhy T (WB) Aa gruugiinszuaden

EMC Aa Aaitiuanaatedsl (Equilbrium Moisture Content)

(Tos: Tuer RH) AR grumnfinszulizusie, guugfinzswhadan, uasrondudutalufisssuszwing

msswsdlos )

= 5 . '
A9 3 uaananseu innamnmaung 2121x105 [MIU 4,342 oL

“. L g B : 4' -‘. s L4 ." x 1 . - et A
(2x2"x105 cm dewlildl 178 th unlraGasdiewhll Y4 U Tuagriunmnivhiwlen) Jusdsiurfiala)

prrmSaaamiina sl 2.75 mvs (bifwiiiun) AIFaaNwaIneall 0.4 mis
WOIRLIUNA 3.3x3.8x8 0. WFunmslifeu 395.99 suN.
bt | R AT gruuni (C) PrRTUMITNG EMC GTRTYE
ATLAY % Tuhi % T(DS) | T(WB) % % |AR, (T, T, RH
>50 1 »60 62 515 79 12.5 2
45.8 2 439 63 52 55 8.0 /\ (65.635,88)
29.4 3 347 624 | 505 51 7.0 A (67.65.88)
209 4 22.2 72 88 10 25 %
18.5 5 18.5 705 4.6 15 3.0 [\ (64.61.4,85)
13.4 6 17.7 674 | 437 27 45 A\ (66.62.1,82)
119 7 145 68 42 20 30 %
11 8 14.3 70 40 14 25 A\ (68,66,91)
9 13.8 7 425 17 25 & (65,6255, 88)
10 112 72 38 10 2.0 %
1 10.8 716 | 365 9 2.0 -
12 9.6 715 39 12 225 -
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" AalasiareairAnTuLLUSRDNTed el

AUl netnall 5 viow Wunadbiag inflszaiaey

80 T | 90
70 _.l'.' /’.—‘-“‘-a__‘ﬁ L. o ——1—o ¢ -+ 80
e Y Rt S T o
\ /
okf—o] 4 70
# 80 X
e | t l
3.0 fo 2
L h\ Rt B T ‘f
\
2 ® ‘ ¥
B | g 1o 3
= - e
2 0 71 =
£ : 1w %
5= b2 P
2 o0 v a, < 0 il %
o “ "u"-f o -\L 1 2 .
\ & T ""-E'—""T&"-. —o— gaungiinmizus {o0)
x . - s S YL 1
10 ; - B _:.--- A— 1o - A= A usiind %
Bt 8
0 ‘1 =2 e d e 4o TR g0 d o — - EMC %
T

1 2 3 4 5 6 7 B 9 10 i 12

e (3u)

r G X ” N X
17 22 wsnapruduiugzzwiteauulll, qguupiinszhzuia, Aoutuduimiuss EMC a0

niseulinunm 2121x105

WiRuannnsauliinns 2121 Ay 13 veu Asdh 0.30%
Weuuuiia (wist) 3 Yiou
i@suvulAsauanuelsy (bow) 4 visu
Weunnlarsuan (end split) 3 vieu
Fownnuswmiiizn 2 vieu

i 3 Wumesmsieneaasiadeysnisanloeasmeddnelivimddemsi
HonanmasaiunsmiegUd 22 Wieuiituna 2121x105 iulifAeuinann 1Fnastiluiowen 395.99
aUM. (11.21 1) sty Waanlumsermude 12 44 pmdutuduredihnnnii 60% e
WinafuRarnumssminenan 3ermuaustaluliiorannndt 100% aanmsdimalneylinamarmud b
PRI 1.5 B0 SinlEFumeanlsfletuTaeTul 2 uas 3 1eamsey dedesiumsiinediownn
famuansstesmudutudelinniull msawsdlodinliusdsznm 1-2 fil %uﬂgjﬁmﬁ‘mtu
Ludesey Jenndeyanird 3 daseuliqlii 1.2 au, Wiamlunsawlsdled 1 9 sy
aziuihquumpiGusilumseuaseuings (62°C DB) urnzfrsimAaitutaseuivgeld o
ATMALEAN AaEHAT 12.5% drmmsanlsdlethlutnusmAsseiu 2 Su axdlatesrnoaradulutos
aufieliPonAudininsuasaAtudellinras st luiuf 4 reansen Smadatesrsneramiy
Hhanan 2§90 FnBeududindlufeseuiidifos 10% laof EMC fidn 2.5% wianfudlearsdy

Wlianasiiningamna (aandt 30% viesnaiiu 21.3%) WuieseudGuiimmas Tudnlsaiiving
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nsawisleTBasietuan 2 fu duaz 1 faln WebiWEEmassnniullasinidiiamstinels
msdlsdlarinludnstesdne i bivinfuiinmFurdume il W indAaaiudng uAm ALl
Tudastiasiishivintudhfdesnis FouluiudaliRdinraspnetuludieseyiaenniadasszuty
Avdn MlFA s uRindlulieseuaasn 20% i 14% EMC sasandn 3.0% Ttnatiiutad
éqﬁ’tyu'm'Lummuiﬁmqmﬂﬂﬁ-nmmmnfh 1.5 i aziuinfimeanlsSleinlaefiruiudimsluies
auilu 91% ua 88% Aarefun 2 du Wetlesunizuisuantadld Trymnuduredivostianaavite
11.2% dlarmnermiiuaniiaseumissnmsswsdlo n?qqmﬁm Tudranaivneondulilimusi
Faams Alidndugeseyisoludannasin unfamasnu wiluasad 3 astiuinlizgnevsshl

%
QUATNTUMABIEN 9.6%

ansei 4 uasnanzaulisWnaT g 1313, 1321, 1331, 13413105
Wiawne 1313 Hawau 1,325 visw, 1321 97au 1,793 viaw, 1331 47U0U 1239 ¥, 821U
1341 fi41u0u 1088 viau
Agamamiinedsi 2.72 avs (biffuiufua)
AnlFaanuaIneall 0.53 mis
HeaaUUunA 3.3x3.8x8 1.2

Wunasiifon 350.2 auw.

il | Aud ATIEUTR gruunit ('C) ATUALRNE | EMC UTUREE
AR % Wl % T(DB) | T(WB) % % |AB. Ty Ty RH)
>50 1 >60 58.4 525 71 1.0 -
458 2 425 61.3 517 60 8.5 2
294 3 354 636 49.2 44 6.0 7
209 4 26.2 625 45.5 33 5.5 /\ (66.2, 635, 85)
18.5 5 224 612 | 429 a8 55 %
13.4 6 18.6 62.4 425 35 5.0 [
119 7 16.3 66.5 404 18 35 /\ (68.4,66.591)
1 8 155 65.8 422 25 4.0 A\ (66.5,64, 90}
9 12.8 68.3 401 15 3.0
10 11 66.9 395 17 3.25 -

Ve f . X
alan \ATBN] ﬁﬂ"ﬂu'ﬂuuUUfJu"!ﬂﬂn‘ﬂﬂ\ﬂNﬂU
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B0 —0 l 0
T - 4 a0
. ———— '/4——-__4,/‘ P——c
Gl ) R P s "“'0---.___0__,./ 1w
:3 g
= 4 bR
e : \&‘ T
g % i 0
£ L ! . :
B @ =] \\ 4 ;
- W A
Z Sl 1, 3
E P R . i D Sy T ,§
i M L .
& o y 1w & ,
Z s y ik <=0 pendull %
i A T -4 —o— grungiinezubufa (oC)
e i<
- x
K ) 2 0 — A= pyTusLing %
.\'i‘-\--._u_ 5 5 9 N
~ ¥ ¥ X —— EMC %
° Q
! 2 3 4 5 & 7 8 g 10
et (Gu)

d. - Ly L) z - x -
1 23 uaaanmmAnufRusreudnea Il gouupiinszidizudy, Anuuduinduaz EMC a1nms
sulifrunm 1313, 1321, 1331, 1341x105

Viideanmsauliaunm 1313 $mnu 9 vieu Amiu 0.68% .
Weuruila (twist) 4 viau
Wautlasuarueald (bow) 3 visu
Wourinatguan (end split) 1 vieu
A midan 1 veu
Wi@eanmsaninunm 1321 41usu 6 visu Amdlu 0.33%
@Feruvuda (twist) 2 vieu
WewvulAsmuanuealil (ow) 1 visu
Wewnlasndulld (crook) 2 vieu
Frurnilanuusn (end split) 1 viau
Widusnmssulfauna 1331 41um 4 viau Aedha 0.32%
Wauvyuia (twist) 1 viau
W@euvuTRamuanueahl (bow) 1 vieu
WeuuuTAamuduly (crook) 2 visu
Bidurinmssuliouna 1341 4ruau 2 vieu Andu 18%
Beuuuda (twist) 1 vigu

WeuuuAsmuarve il (bow) 1 viay
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FI"ITI"Nﬁ 5 ugmanansau s muna 1121, 1131, 1141, 721, 731x105

Wirum 1121 731u9u 2,140 vigy, 1131 S99 1489 ¥iew, 1141 S1494 1310 ¥iaw, 721 aeau

388 YiDu WAZIWNA 731 Si8Nunu 224 viau
A aaumineeldl 2.92 mis (ifluriufumg
anuFaauvsanesls 0.45 mis
WRIDLIWIA 2.3x3.8x8 u.°

Uinssliney 412,13 auw.

Yie [ 24 T = T T T =
arwauld | dun ATIHTUNT ol (C) ANTURIANT EMC WA
ALIAN % Wbi% T(DB) | T(WB) % % |AB, (T, Ty RH)
>50 1 >B0 60 542 72 11.0 -
458 2 46.6 62.3 51.5 56 8.1 -
204 3 327 61 49 49 75 r
20.9 4 23.5 62.1 492 39 525 A\ (63,60, 85)
18.5 5 21.4 63.5 41.2 28 45
13.4 & 17.2 675 438 27 40
11.8 7 148 66.1 405 22 4.0 /\ (67,645 88)
1 8 14.2 68.3 40.6 15 375 /\ (70,66.5,85)
9 13.3 68.1 42 20 ° 40
10 125 7 428 19 35 -
11 106 65.5 36.5 14 2.75 -
"AalatAiedinANTULLLEWRE NI TNeY
80 —or i - - 90
70 i ‘ : < [
.t ’/\c’-’ .
£ e _b_«\_'(,..-q—&...._,_o__.,_-o—— P
= 4 | |
. |
:E 5 i L 50 =
ooty Ao g
< g~k | u
3 L D - i ,_f
e 40— et I =
Z S : %
3 P Lo 3
E] o i ‘ e
g - i s . o
& P e -0 €
g | "o, |, Bl =
2 o. . - -- 0 - paulli %
& Ip.. s P - 20
: 5 B e * R LI - 1T T LN —o— gumpiinrsahzls (oC)
0 s S sk B 4 L
Bt T Sy : I T —A— ATUAURHATE %
e Tt PR O B N P EE 2 R S,
& M I g o |- Emcw
T 2 3 4 5 [ T 8 9 10 11
1am ()

i -~ - 1 z 3 - L3 x A &
il 24 uamspndlusTwInA IRl gruupfinezalzudia, ArAudiinduaz EMC anng

avlifiuna 1121, 1131, 1141, 721, 731x105
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1A @eanmsaulioune 1121 §7uau 7 vieu Ami 0.33%

Weuuusia (twist) 2 viou

B A mnruea il (bow) ¢ viau

Fewuusmiings 1 visu
Windnainmseuliruan 1131 4o 6 view Amths 0.35%

Wouwnila (twist) 2 vieu

WeurulAsmuariuea il (pow) 1 viau

@en TR wdt Ll (crook) 1 ViBu

Feunusviaas 1 viou
Windsanmseulituna 1141 470U 6 vieu Amidu 0.46%

Wewpndia (twist) 2 vinu

WeanuuAamnanuealtl (bow) 2 viau

WeunnTAammdi s (crook) 1 vipu

Fewnnsmiings 1 vieu
Liflimduainmsauldinne 721 uas 731

R 4 LASANTIT 5 uanrknreu o Iunm 1313,1321, 1331, 1341 URSANINMNT

eullimune 1121, 1131, 1141, 721 wse 731 Safwunauinlildusnsinaiunnin lﬁﬂﬁ“ﬂﬁ‘m’\ﬁ"ﬁ’_‘ldnﬁ?ﬂu
anfuiriimmansafndufmdewmsn wilumaeau s 4 alflalumssudundt farmune
W TN AU 5 Bntisy FeidemniFnnuEmeusannindszainm 62 suA. dmiull
enavrRTmnamanndt 2 G'iﬂu'l-nm?muﬂumﬂu%uluﬁmﬂu i Fudfimeanlsdlethuszssng
Azt i 2 T wWihgampRFusuiilunmseuasIndiAneiy (rzno 62-65°C)
EMC Buduft 11% Tagliifimnsmndenndt 2 frazliinanlumseudunds ileRansnnmrmeeisia 2
arvhuinalsdlatnasinluiud 4 sesnsemiunen 1 falus Warumululidng 30% leiiwaus
Wdsaiunisoniumaedt 3 Tusnsfineuiudl 4 AeTuf 3 ImannseuesfimsTinoraadiiluieseueen
ey wazvdaanmsanlsdlavluiudt 4 fazsmnupniuanIuiuR 5 usy 6 fuss 2 $ali Ny
Lﬂﬂﬂfnu%u'lu'lﬁﬁﬁmua:éuL'ix"wjtﬂwu'\ﬂ‘?;ﬁmms Ailneaalsdtedhandune 1 falus 2 fudassiuie
W ALlndRssiisieseLuazaRensingg unrmnpr e usudal e W ukaalUBn
LarausgllauATALlTvde 10.6% andneaznmiluglil 23 wer 24 winfinsandarmssuwires
1:4”11.1‘50491"14161'mLﬁum’m%u'lulﬁ'?;ﬂmaq sztuindmrinseuishutousnanFand1enaeInen ust

FrrmsaustiasGuiiouanluiud 7 seanmseu
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al o P (Y - LT
F151 AN 6 uammmuu.a:ﬁnum:mit’a’ﬂﬂﬂﬂumqmmummmu uﬂnmwmmuﬂu

oAl | dwnu nald | thomsen | Amuilinde fnmrusmademiludiuau (ow) wBme
(ew) | AL (W) (au.l.) veu | % cup | twist | bow | crook | End split
2121x105 | 3661 12 333.88 12 lo3s| - 2 3 : 3 FMilAAY (4)
2121x105 | 551 12 50.25 - . . - - ; ; .
121105 | 2136 8 362.79 8 foar| - | 2 | 3 - 1 VNG (2)
1313105 | 1936 6 {031 - 1 3 1 1 Fwilnga (1)
1141x105 | 935 2 foz21] - 1 5 1 - .
721x106 | 661 ; : ) . ] ] ) ]
731105 | 489 : ] . ] ; ] ) _
1121x105 | 2916 8 260.48 7 | o024 | - 2 1 3 - Fiiaa (1)
11312106 | 1409 6 |oso| - 1 ; 2 1 fwiingn (1)
1141x105 | 129 a |31 ] 1 1 1 1 g :
721x105 | 295 - - - - - ; : :
731x105 | 181 ] - ) ] ; _ ; _
1121105 | 2174 8 328.43 o |04} - 2 1 2 1 FuTingn (2)
1131x105 | 1637 4 |o024| - 1 < 2 . iRz (1)
1141x105 | 1030 6 |os8| 1 2 | 1 1 . Fwiingn (1)
721x105 268 : s - - .- . - - =
721x105 | 264 . . ; ; . ; ; :
2121x105 | 4491 12 409.58 11 | 024 | - 3 | 2 ] 3 | fwiEngn @)
2121x105 | 4269 12 389.33 7 lois = 4 3 - 2 Frviian @
21212105 | 4342 12 39599 13 | 030 e 3 4 - 3 Frwiiga (2)
1121x105 | 2374 8 37294 9 0.76 - 2 1 3 1 RN (2)
1312105 | 1662 o | 054 | - 2 2 . ; FwiiiEe (4)
11413105 | 1293 3 |o23i - 3 - ; 3 Auiinga (1)
2121x105 | 74 - - ; ; - : . .
721x105 | 383 - - : ; : : - .
731x105 | 258 . : : : : . - -
1121x105 | 2025 8 369.62 9 |o031] - 1 1 3 2 | Awiin @)
1131105 | 1659 8 | oa7| - 2 . 2 - AT (4)
1141x105 | 1053 5 o4 | - 1 1 1 1 Aviindn (1)
721x105 | 316 . . ; - - - .- <
731105 | 287 - - . - - ; 5 .
2121x105 | 3277 12 208.86 7 o2t | - 3 2 - 5 .
2121x105 | 1888 8 172.19 - ) - - - . 2 i
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- o - L o oMY
AN B UAAISIILLATANEIME N Rsad e wrvamte e AU A B (si9)

el | Awou | nedld | e | dnoubids AnozmmAndusuau (ew) WHHIMA
(view) | #u (R {au.n) new | % cup | twist | bow | crook | End split
1121x105 | 2032 8 378.73 9 | 044 | - 3 1 1 1 Fulinga (3)
1131x105 | 1240 4 |o32| - 1 1 ; 5 Auiinga (2)
1141x105 | 1701 4 o024 | - 1 1 : - RN (2)
721x105 552 - . - - . . -

731x105 153 - - - - - - -

1121x105 | 636 13 588.38 1 |oer| - 1 - 1 1 -
1125x105 | 882 (Widlwg) | 3 | 034 | - 3 1 1 - -
1131105 | 415 duren | 3 |or2| - | 4 - 1 ; Fviingn (1)
1141105 125 2525 1 loso | - - - 1 - -
2525x105 | 3202 Hiumr - - - - - - - -
721x105 166 45629 811, : 2 = « = - - -
725x105 158 W) - - - - - - - -
731x105 9 - - - - - -

API9T 6 NI AR LA AN N ey N IR NN T UL N TS
1 aziiuldiindunlifdslusacnnareudnaien Andudadaulife 1% wsenudrliARmnANand
sriuun nis@eiiaasnmreuinniBRiuaunnds wihinmin sanmned 10 sziiudi e
2121x105 fifndoures e 0.16-0.33% snusidouiulinum 1121x105 Seiidadaulimd@e 0.24-0.76%
FeiRunaniitemansfamudnsnssaiiiionintesnlidelrlumeeuiidanin Moad
nqn)

sz sdorediiuuus i iRTnnaswe 1121 S e 2525 ) A
LiimaBawuiAwmiumienredl cup) we uAssiina@auuulfwnuaueredlindeamniu (bow)
uaznslAsmur e nAull (crook) wanndn (é’m%’uiﬁﬁﬁuu’ﬁﬁﬁmﬁfﬂ) gqunia@evnsuuuisnilans
{end split) %etﬁraLﬁﬂqmn"l.ﬁf_!rgtﬁaxﬂa’m%uaan‘lﬂmqﬂa'mv?mmim&mﬁu'lﬂ Fnbiane Wuand dautu
uaztiafmsaulsdlavndiefuandunld fofdanlisserneduaciormiin snsilsnasdds
Uanadpamaiag vlidanisuansoas LA anamed 10 nudidnssusmlsoinifaiuliis
wnawidialwgndn Taenne 2121 69 uﬁ:‘uuﬁﬂﬁuu’mdﬂﬂ:ﬁ‘iﬂmﬂLﬁﬁmnﬁqﬁuﬂ:hﬁ"ﬁﬁﬁnamxum
Usmfnwuidunadifagindiuiean sulii@ensiu Waimeldwiimn Sdlmanidulifivan
saaanmsAaliiauddmiheasey tasfdnnuliasnd lidedesnnsbisesuusiuacusn
tassiufons _ -

Whufirdunssinisdesedldidasnnnniinngn Fudsviderndsdingg unuling idasanms
sududuiigumpiireuings Gnnndt 50°C) wifnuzredRn Wssdduiamnlunsminsine

sHauumssatne uazlussudnamssufiunsanlsdletnn witnalrenEeanmEniAeanide

D v ] ¥
wseaznrasd lsunda i bimeunmseuiidgouns munzwinstienduasin b e@atharefiiiass wif
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Fasuanfunisiliaiunsatesiulianmninaisresueauacunadld  dounisliawlsdlomnudidacswan
wosliywdraiainmei s lild  wastdliRiRassmndnmeanlsdlavn  wis i linusuld
et - 4 .~ » X LR l ar - Y 4'-; 3
wismadowaannisiaeuuuswquanin  wineluleliebildfunmasldenanmAuiiisiuain
LT 1 y - U ‘I ] -l : : ¥
mzaupanll warlimindmas@sradsiidiunsulmiisenisdesdwionislatunuiureusal)
dounarsstoittlunedlii (void ratio) Aevalunseuviedrsinisauuiy isnsaaplFainmsdins
nseuldlupfeildinaanniiaseu ey liRiwmi i runadaiulukeadeatu  adalsiaunseuld

v -l

tnmade W FgunwAT idulsugaitwiedimAnrmanesiduiuidasdely

54 waldanisauliionans

watirlumseufenann aaenasiiinesn (12) sayin masdndsdbililimmnndiams
FmzreumusieriiiAemsdueudanlainfouriguugll 70°C (qumnRGuiusuganingmgl
Wuinenuiidnmada) LASATILTLURNME 100% wlszanny 2-4 ol %uﬂfjﬁUﬂ'J’mHu‘l'ﬂﬂdw;;LiﬁﬂU
Findumsaamminseresdenussmaniamndanming lunsdifdeauuquésoszuusalula B
mgnmgiinrzuheuil 70°C waganintdnties unsdifuunlzzanm 1 fimidetieunini Wiike:
ez 3 $alue Srlndugn 1415 1u. Wikuoandn 1 gaunuilanisDialeesliliig
Araan L Bszn 18% Taumsdfingnumgiinszuhzwias@endu 100°C gAzAIRUINRR s
48 1. Fegnugiiuazautugeiiasintidebireemndunnld  wimssaFamnesliusnmliies
(sticker) Azaviumianeday  msuilansuiauan (casehardening) Wiintutasgainreamseulan s
tﬁuqmuqﬁn?:mﬁ:uﬁqmntﬁn‘fu’lﬂé‘n 12°c T.ﬁﬂﬂﬁUﬂNﬂﬂﬁnguﬁuﬁﬂﬁﬂﬂﬂluﬁﬂQ'EJULﬂu 90% Uszid 3-
6 dalu %umjr‘fum'wﬁua:mﬁwmmqw uﬁit‘i’l{;muqﬁﬁmnfmﬂu 80°C wimnmin Aliduludendin
guumgiEnusli e gLy dounnlfuraBuliidindy (equalizing) Ynlaanissgnamni
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EMC Wifugamniingzilzuwia (dry bulb temperature) uazmaaavdursguupiinszwhzdan (wet bulb
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udogu EMC snmnlszanaudluming Wiieslde EMC = 8.5% usmsinnnninndeulanmseoy
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38

naMil 2 4m mnf-]mLL?nLijﬂmnLﬁuumﬁ'qmmﬁ:'lﬁqmuqﬁmzlﬂ'\:uﬁq 30°C wAnzaLuialiinanmly
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P famni ('C) AT EMC
% nrsuhswia | Arsuhaien Auving % %
Wian 405 38 85 17
60 40.5 37 80 15

40 40.5 35.5 80 125
35 435 36 " 60 10

30 46 36 50 B.5

25 515 38 40 145

20 60 405 30 55

15 65.5 445 30 55
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AT goauni (°C) AT EMC
1Y % nrzuhzek | nesuhoion | &oind % %
Lian 48.5 46 85 17
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>50 49.0 46.5 88 17
50-40 49.0 46.0 85 15.75
4535 " 490 445 77 1356
35-30 49.0 410 62 9.75
30-25 54.5 375 35 6.5
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5.4.2 msaulalamlFammgiids (High temperature drying, HTD)
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56.1.2 aradammdisnliossusialeeiinatlar 2 AR wiennafudiaveceyiine
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fudaduuurainesliraeanuentames noslifandnnasduasinliiiadeinmsuine baffle funes
Wi Weneluatiruldly
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5.5.19.1 enuuuepaalizes (sticker placement) Amilszasdanea sticker Usznisusnia
dotlnadlitievid i Fonalwadwivsuuielild  Ussnisfiseafienssaredwinzaansdiuay
djuﬁ'mﬁn'luumﬁ'qmnﬁmuumejﬁﬁufmu'm sticker uazliimulines sticker HéadFushiogluwaden
faslihwinfidisenituaedasiy Wuaalifansiiaelgluuiwqediiould mada
Gudliffa sticker pasazagluunpedniFen i uwilunalfiRessimsdadliihadntenus birndedld
IUNIIATIHUUNTAS sticker tf}ﬂLﬁﬂummﬁﬁwuqﬂ'ﬂaqnﬂﬂﬁﬁqﬁwmqqm MSATIIAT sticker mﬂuuu’:ﬁ'q

A iuvTeld M ERn 34
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UM 34 uansdiatiivnaaunnnide sticker B RliRuaznsarassy

55192 sticker amslissinliliReudanstinwld Taaewizatbadisonls
nnaliiiniswiedn uananmsdiaeuds mrluarasaudunesfimsgrilafuanlifeavdatiasn i
WA MC Whimuansinaiusnntu fafumsdaGestinsnmaaen i@l stcker 11l

5.5.19.3 sticker Raginndunaslil winliousalivindu n1sdang sticker Tuusasdu
faareutme iasasisasinliiunnes sticker muuwAYhinsafuuazenaiEan Miseresiinos
aul& SemsAmaaeLUul sticker Winsaiu

55194 lumsSadusli  sticker  Wldssemmsasudunamiasureuliteadig
dsznm 1 wiresraunde sticker wnides sticker %msﬂuﬂmu"lﬁwﬂﬁfjﬂﬂnﬁﬂuﬁmnmlﬁﬁﬂéﬁmﬂu
g iifian s deunauld witdeu sicker Whandulunndley dewn 2-3 winresarundie
sticker a9V Iian iR assRn D aee Ly

5.5.20 a1 liiunas
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aod douliifimnedulidnFuelinsansnrnausasdu
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Lifsnanareaiilfivausnzadngla

55203  1dnndndsnedifdaiutedfian i uRsfuminieemi
ams‘hmnnuuma’wé’ﬂohjmﬁ'ﬂuaﬂnm'luﬁnwmzﬁagﬂﬁ 36 (1ite) mnnrFsaasuiadt il
snnd 3 i ennAfasiiloniatiatinugosinat Bnnndmidnngu

Airfiow from Airflow from
plenum plenum
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— | | S— ]| I X ]
1| (o P X  E— ]
X Ii } [ IC | } o’
X IC X ./ il X X ]
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3in,
Even package sides Uneven package sides

717 36 uARANHLIZNITMATEIOTMAIUNNTXIRTEWIN sticker TafimsdaGualilisamdenily

FruRaNdunund 3 97 (muwmﬂ'zﬁuﬂﬁmq'ﬁ'fnqnﬂﬂmmﬁﬁmﬂoummmﬁmm‘nmﬂ1mﬁﬁ‘lv|'a)



55

msFealiluwiassuarsiins g mdnnanusmuuaite la G Fans e teariunisiiasaees il

ssvdnenisou myliadifuanlddanin 37 .
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5.5.21 Auiraaunmanuse Wivyu (bolster and package placement)
5.5.21.1 ALuwdted bolster A3 luLUBEINULUIRRANTT84 sticker uaz 1Ay

x all -l - dl dl - ' »~ ! . - 4
wuatieasodmennll diusadlug 38 bolster RlswnasiniuAlATENN

i |}
T Y IY T —
L N
1t b1 i1 1% !_.l]
{ | | I il L1 2 1

/ bl _J
] L L) L] L]
In Out Out In Out

1_ (Skew L {Overlaps
visible) stickers)

717 38 wamanaimana gy (bolster)

6.5.21.2 Winguminuifisuieniu sticker wiazfnimineewadiiioma snilnu

Az luuansaiy sticker UWwyuiliassiaruudsafiomenasiniwinnsdbitiusspsiaunewh

Fafiviniu winldlindnnabiviiuuarliienlaldlunsdeans bolster uwiasdmFuanaaliuazuuy sticker
, o ml @ ey ~ v Lo O | - i i e u

agd finlhianmsdaevedisnarlddeainiimininaasdy bolster wiazviowbiviniu winlduna

1@ fArsassseu e smdabineuissisnreaiiulivgu
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5.5.22 Avireslimiatuidlesainnzey

u‘immnmﬂlﬂﬁmuﬂ?gﬂtﬂmﬂﬂﬁmﬂ‘? wirnsanuismely miniendefin S1dude
soulld MC e ArmuAnsnates MC uazAwiifsdusoaiufioenduld szdiuthaunwuds
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msay fulRdstusnmeaul wy At flsell ooty (ifim honeycomb) WazIiAT nas
gnlimmdndgunndmstiaeluneumaniideuis WesmnimsdaebilEgnissonituswiiudn
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nnprzd e R bR vltesinnsiaiildanmsey lumanduiusstesnishasefifiasn
nnArBIMIFAE TR BINTTUT dousn MC RiflsswuRnauiuiai el 2-3%

55221 Fwimeussmawsnlaniveniuld  swisdudiomnimsuiimeuan
Usnnewdndatitaiirnuuduandaluie anmasigduln (growth stress) Fansaatlwns
uamlsnevinlanmemnenewenshuiessaifiduifitunsuseselidon uaieWikusdiiae Uaald
paslFun s RBLRInd s nnsFauLsq) ueRrmmianadeutang i lifiinne 6x4
whowunini] dauliionnn 4xa uaz sxa ﬁqﬁnqzmmﬁﬂu'lunﬂﬁi‘ﬂﬁﬁ’uﬁqafhqq usdaaruilia eyl
Ul lURfionn 4xa Sauas 5x4 tio sanfleliFinnmmnnd 2x2 Sodu nussigeutuaummsedd

§.5.22 2fuiRR L dullgwifiAeuda BiaudAgunfigalulifgesi gy
weflkaef winld sticker Rev LR wilAAafasiwendimiivedtifunsfouduiu ussdne sl
gReasAauinannn uwimskunadwiiifovediunasiniennuenanasionsalifusanin

5.5.22.3 n"3tinse (warp)

msiaserasliRensfiminbiviereudndrredibisglunadunse fnwmznisda
sprmalianmeswingnfiatsunlu 5 pluun 1¥un crook, bow, twist, Kink W&z cup MITABULL crook
Hhunistrmasifreulhdeduliilnndsluannuadumssifiafuuannrame Wdwenlaelll &

wanelugi 39

Crook

U7 39 wasmnsTAwaredlivainiseuny crook

bow umstAsstedlimuwuruasssmuamnrssld  wildiinsliasmumiaamesld &

uaealugih 40
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Bow
717 40 sansnisTinesesliuaInTseLLLY bow
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Twist
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gﬂi‘i 43

Cup
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mlage (warp) azifrduldlulivednlidnasinssuatnale mriieaufnfiinmunmmnees
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This kiln schedule was run by using the program over the World Wide Web,

Far further information, please contact Steve Verill at steve@ws10.fpi.fs.fed.us or 608-231-9375.

Scientific name: Hevea brasiliensis

Common name: Rubberwood

For thicknesses of 25 to 38 mm:

The recommencded drying schedule is T6-D2 :

http://www1.fpl.fs.fed.us/drying.html.

Step Maisture Temperature in degrees F Equilibrium Relative Temperature in degrees C
content ] Dry buib | Wet bulb dep. [Wet bulb| Moisture content { humidity | Dry buit | Wet bulb dep. |Wet bulb
1 Above 50 120 4 116 17.7 a8 488 22 46.7
2 50 to 40 120 5 115 16.4 85 48.8 28 46.1
3 4010 35 120 8 112 136 7 489 4.4 44.4
4 351030 120 14 106 10.3 63 489 7.8 411
5 30025 130 30 100 B 36 54.4 16.7 378
6 2510 20 140 50 80 28 15 60 278 322
7 20to 15 150 50 100 32 19 65.6 278 378
8 15 to finai 180 50 130 36 26 82.2 278 54.4
For a thickness of 50 mm:
The recommended drying schedule is T3-D1:
Step | Maisture Temperature in degrees F Equilibrium Relative Temperature in degrees C
content | Dry bulb | Wet bulb dep. |Wet bulb| Moisture content | humidity | Dry bulb [ Wet bulb dep. |Wet bulb
1 Above 50 110 3 107 19.3 90 43.3 1.7 417
2 50 t0 40 110 4 106 177 87 433 22 411
3 401035 110 6 104 15.3 81 433 33 40
4 3510 30 110 10 100 121 70 43.3 56 378
5 31Ww25 120 25 g5 6.9 41 489 13.8 35
6 251020 130 50 80" 41 22 54.4 278 J2.2¢
7 20t0 14 140 50 90 28 15 60 278 32.2
8 15 to final 180 50 110 34 22 711 278 43.3

" Wet bulb values below 90 degrees Fahrenheit are set to 90 degrees.
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Checklist for Quality Drying of Hardwood Lumber
Standard Operating Practices
1. Maintenance and Inspeclion

ta. Equipment ebove fan lloor inspected regulady. L e 12 34
Rating
4 - Fans, motors, beannga, shafls, and other 2guipment inspected monthly
3 - Inspected quaderty
2 - inspected annually
1 - lnspachons are not mads regulary

1b.Ai(_veIocitych9cksmaderagutarly....... ............... e ee b ea P 12 324

Rating

4 - Checked at least semiannually and when unusual umber load configuration or
package arangement exisis

3 - Ax velocdly 15 checked when there is a problem

2 - Air velocity was checked whan tha kin vas niew or rebusll

1 - Al velocity has hever been checkad

1c. Traps checked tor proper opertion and plumbed forchecking. ... ... ... ... ... ....... 12 34
Rating
4 - Traps e checked for condansate hackup and passing sleam weskly:
raps are properly sized for the load
3 - Traps checked at laast every 30 days, or traps are not quite large enough
to handle condensale durng starkup
2 - Traps are checkad 2l Jeast dvery 8 months, or iaps are very undarsized
¥ - Teaps oo rarsly chacked, inaccassibla. not piumbed for regular checks

1d. Air supply to controt instruments and operating valves checked at regudar intervais .. . 12 4
Rating
4 . Air fiters and compressors are checked and dramed daily
3 - inspected o0 soma ather schedule but af least monthly
2 - bepacied anty when a problem is suspected
1 - [nspecied only when the controller or air supply dees nol waork

1e. Regular maintenanca program for steam valves . s M | 34
Rating
4 - Valves are inspecied al least every 90 days
3 - Inspected at least annuzlly
1 - Inspectad ordy when a problam is suspected

1. Begular cafibration of temparature sensing devices and mdicators. ... .. .. .. .. i, 12 34
Rating
4 - Callbrabon checks sensors are made al least every & months; results are recorded and filed
3 - Calibration checks are made mone than 6 monihs apan Dut af least every 2 years
2 - Calibraton is checked when a problem is suspected
1 - Nol cahbrated since inslallabon

1g. Wet-huth wicks charged on a regular schedhda L L., e e iaieeaaenn 1234
Rating
4 - New wirk(s) used every charge
3 - VWhckis) changed on some ciher regular schedule
2 - Wickis) changed when they are dirly, fee! gnssty, or lafing apant
1 - Wick(s) changed rarely
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Low High
1h. EMC walers changed onaregularschedule . . ..o i iiiin i i iicee e imee e 1 34
Rating
4 - Equipment manutaclurer's replacement schedule followed exacily
3 - Equapment manufactured's replacemant scheduda usually foliowed
1- Walers changed only when EMC readings are obviously in error

1i. Hoguinr maintanance program for dehumidification kibns . ... ..o ... 1 34
Ratig
4 - Equipment manuiacturer's maintenance checkhist fofiowed exacily
3 - Equipment mandfaciurar’s maintenance checklist usually foliowed
1 - Uttle atiention paid to equipment manufacturer's checklist

2 Maieture Content Monitoring and Recordkeeping

Za, Knowdedga of Pisltaty of lumber bafore gong info kiln . ... ... ... i, 12234
Hating
4 - The hastory of the henber geing into 1he kiln is known
3 - You can reconsiruct the hisiory by asking & few questions or making a phene call or two
2 - You do not kngw the hislory
1 - No eflort was mada or dd not know Lhe hislory

2b. Use of sample boards (kiln samples) to mondor moisturagontent ., ... ... oo, .. 1234
Rating
4 - Sample boards are ahvays selected, prepared, placed, and vsad as recommended
m Chapter 6 of the DKQOM
3 . Sample boards ara usually used, with minimal attention to selection and usually
anty bwo or three hoands used
2 - Sample boards are used onty when drying an unfanmiiar species ora
thuckness ot coqunonly dried
1 - Sampte boards never used

2c. In-lils maisture content monstering equipment is usedwhen avaitable .. . ....... . ... ..._. 12 4
Hatng
4 . In-kifn sensors are used according 1o the manufaciurer's mstructions
2 . In-kn sensors are used but some of the oporators do nct pay attenton to them
or nal all sensor lacations are aperating
1 - In-kiin sensors ara avadable but not used

2d. Moislure ecafent control prachices tor @ath Chame ... ... .o ur e a e 1234
Rating
4 - Sample boards always usad. every charge spat checked with moisture meser, and all
recosds kepd with the kidn chars
3 - Sample boards usaally used, meter spol chacks ase inlrequent, but records are kept with kiln charls
2 - Sample boards seidom uzed, na metar pot cheacks, no moisiure tecords kap!
1 - Sample boards nol used, no matet spot chacks, no records kepl

26 Dy siorage ol IUMEEr . .. o it e e e, V234
Rating
4 - Dry lumber 15 always moved 1o and stared i clossd shed
3 - Dry lymber is atways meved {0 and stored m covered shed
2 - Dre lumber mayte lel out in weather for several days
1 - Mo protection [rom weather for lumber alter removal from kiln

2, Conirgk charts taheied and HIBG 100 TBIBIBRTE | .. . o v et e e e r s e e e 1234
Rating
4 - Comphale 5l of records 15 kep! and e2ineval is easy
3 - Avaitable informaticn is kept for @ whife in a manner that aBows retrieval
2 - Charls are kept but tnding records tor a charge of lumber dried & months ago is ditficudt
1 - No information 2 kept



29. Records of moisture content checks are kept with controlchans .. _ .. .. .

Rahng

4 - Complete records are kiled together for easy retrieval

3 - Rocords of MG chacks are kept bu! noi filed with conirol chans
1 - Records are not kept

3. Discussion and Feedback from Rough Mill or Glue Room Supervisors

3a. Commurucabons with rough mel or QRIE T00M SUPEIVISOr ... ..o\ oo ves . es et

Rating

4 - Communicate reguiarty. a! least weekly

3 - Communicate only at scheduled produchon mestings
2 - Communicate oty when thera are problems

1 - Communicale raraly

4. Learning Opportunitios

a2 Opportunities to visil other sites and mostother operatods . ... ... ... . .. ...

Rating

4 - Yisit ather kiln drying sites theee or more times per year
3 - Visit other lifn drying sites twice 8 year

2 - Visit olhier kiln drying sites once a year

1 - Newer yisit other kin grying sifes

4b. Atlend Dry Kitn Associalion meetings and drying workshops. . ... ... ... ... ... ... § s

H

4 - Atiend Dy Kiln Association meetings yearly and have atiended at least one workshop
3 - Hegularly anend meetings but have naver bean ¢ a workshop

2 - Attond meeling every 2 of 3 yoars

1 - Nevar attend mestings or workshops

Conlrol Room

§. Valvez Operale Properly

5a. Stoam heal valves opesate propony. . ... oL

Bating

4 - No sleam passes when valves close. valves open fully during ludl-steam demand

2 - With valve closed, passed sieam is barely detectable by seund; valves open more
than 50% duting full-sieam demand

1 - Bypassing steam ks easity detected when valves are closed or valves open lass
than §0°% during full-steam demand

Sh. Slearn spray valve fully epensand doses .. ... oL oL

Bating

4 - No sleam passes when valve closes, valve opens futly

1 - Sleam enters spray ne when vahe is closad or valve opens less than D05
when steam spray demand is hagh

Sc Gauges are worengandreacab®, ., . . i i e | R G 6

Rating
4 . Al gauges are working and easily raadable
1 - Aoy gaufje ronfunctioning o unreadable
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6. Conlrols Operate Properly

Low High
Ba, Vonls and spray are nob on B0GeTRARE L -\ v it e e e 1234
Ralng
4 - Steam spray and ven! opening never atemale off and on dunng any part
ol the drying schedule
3 - Staam spray and ven! opening occasionally altemate during some part of the schedude
2 - Steam spsay and verd opening aliemate rapdly during some part of the schedule
1 - Sieam spray 5 on and vents are open simultanecusly
6b. Reconl controt charts show Ranraversals 000U . ... ...l 234
Rating
4 - Fan reversals afl occurred on schedide according 1o recent charts
3 - Atleas! 9 cut of 10 1an reversals occured cn schedule
2 - Atleast 7 out of 10 fan reversals occurrad on schedule
1 - Less than 7 out of 10 scheduled fan reversals were actually made
8c. Recent charls show set pint changes are made accordng to the schadle ... .. .. ... ... ... 1 34
Railing
4 - Set poinl changes are made wihin 2 bours of reaching the appropriate
MG indicaling a change is needed, acogrdng o recent charls and records
3 - Sel point changes are made within 5 hours of seaching the appropnate MC
wdicating & change is needed. according o eecent charls and recunds
1 - Changes i set poind are ondy loosely associated with MC of lumber at tme of change
6d Comectinstrumen] charls are used. ., . ..o oouiin it e, U U SRR 0B TR SR 1 4
Rasing
4 - Chart papet matches reconding instrument
1 - Wrong papet 1s used
Fan Deck and Kiln Root
7. Fars
Ta Fans and shrouds are well mamlamned .. .. . B m—— 12 4
Raiing
4 - aAll fans arg light on the shafl. centered in shiouds both radially and axially,
and no bladae damaga
2 - One ol the above is nol comect
1- Maore than one problem is four
Th. Fans tuming for proper SItfOW . ... ... e v g g B oo 34
Limn=-shait kdns Cross-shall kilns
Rating Rating
4 - All tans proper “handedness” 4 - All fan molors tum the same
arst prich set comacty direction and pitch set comect
3 - All fans proper “handedness” 3 - All tan molors turry lhe same
bud pitch not saf corectly direction tad pitch nol set comectly
1 - Cne or more fars wrong T - One or moie fan motors fuming
“handedrniess” of not fuming the wrong direction or fan not

ksrming



7c. Fan deck (fan foory ingood fepair. . .. ... .. ... ... e SR S S RN BT G DR 4
Rating
4 - Fan floor extends o the edge of the lumber piles and can support persennel
during maintenance
3 - Fan %cor exiends 1o the edge of the ember plles but minor corrosion, rust,
or small holes are visible
1 - Fan oor does not extend fo the edge of the umber pile and/or 1ust and holes
n the floor make it unsale for walkdng

7d. Easyaccesstofandeckandsoofvents. . .. L.
Hating
4 . Staiway or permanent kdder e 100f and sasy access 10 fan deck are available
2 - Laddars are availlable for reaching roof and fan foor
1 - Only access o root and lan floor is by being kfled by fork Bl and climbing
Huoagh the venls 1o the root

3. Heat Distribulion System

Ba. Heating coils clean and free of debris . ... .. o B Bl s Banl s s e o s e e v o
Kilns wih fin pipz Kiins with plain (nontinned) pipe
Rating Rating
4 - Can see space between s, 4 - Coils ara clean
Coils look clean

3 - Some chrt, rusi. or coating 3 - Smail amounts of diet,
on ¢ods or between fins g, of coakng on coils

2 - MWodorate dint, mist, of 2 - Yodetate dirl, rust, of
coating, difficull 1o ses pipe coating on coils

1 - Cannot see Dipa in places or 1 - Heawy dut, rust, coaling,
foreign mazenal on coils or foreign matarial on coils

g Venls

ga Vonthds open and clegse Rally. . . . oo e e s
Rakng
4 - All vents open to the same height. no vent leakage can be saen or felt with vents closed
3 - Slight leakage of vent fds: a litde vapor can be seen from cutside bt light cannot be seen
around vents from inside the kiln
2 - Major leakage of vent bris of fight can be easfly seen around vents when they are closed
1 - Vet lids do not close and leak signilicantly; ona or more vent kds bent or broken

5. Vend actualors and hnkages operale propetly .. ... oo o e N
Raling
4 - Vel actuators and mechanical linkages open vent lids 1o proper hexht and close
vent hds completely
3 - Mochanxal inkage s woen 50 venis andy parlially open or desired vent opening
hesght cannet be achieved for ather reasons
Z - One or more vent lids deconnected fiom connecting linkage
1 - Vonis inoporative. vent aciivaiors nol lunctioning, or linkages disconnected
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Yard and Slacker Area

10, Sticker and Bolster Thickness

10a. Slicker thickness UmtomMmdly . . . ... .. o Ty wentmons W v Sy we b

Raiing

¢ - Hange of aticker thackniess is 1732 m, (0.031 in.} or less

3 - Range ol sticker thickness 1s 1116 in, (0.063 in] or less

2 - Range of sticker fuckness is 1/8 in. (0.125 ) of less

3- Range of sficker thicknass is greater than1/8in_ (0.125 in)

10b. Bolster thickness unifosnity . ... .. ...... T S

Ra

4 -%nge ot beaster thickness is 1/ in. 10.325 in) or less

3 - Bange of bedstar thickness i U4 in. {0.250 in.) or less

2 - Range of bolster thickness is 38 in. 40.375 in.) or less

1 - Range of bolstar thicknoss is greater than 38 in. {0.375 )

10¢. Unifarmity of stcker straighdness. . ..o i iii i i i e .

Hating

4 - Al stickers have less than 2 in. of crook or kink

3 - No more than 3 stickers have 2 in. of more crock or kink
2 - No more than 5 stickers have 2 in. of more Crook o Kink
1 - Mora than 5 stickers have 2 ;. or more crook of kmk

Inside an Empty Kiln
11. Inside a Cold Kiin

112 Condensation or cther walerinside of KL . . . . .. ... i it i

Rating

4 - No evidence of condensation or water in kiln

2 - Soma evidonce of condansation near wafls, ai the base of structural members,
or under venls, or smali waler leaks .

2 - Much evidence of condensation. corrosion protlems, or water leaks

1 - Kiln damage at a resull of condensalion or karge amounts ol water entering kil

115 DEaaiaTe WORAME IS0 o0 v swmpesmpmmmay wogn =1 o Py FSga YR EsTS 5 P50 4 % g

Raling

4 - No wates standing on kuin Hoor

3 - Small amounts of waler present

2 - Smafl puddles cavering less than eoe-foudh of floot
1 - Draing are plugged; water slanding in kiln

31 Propar wal-buld Witk IBUBEA . . ... i e

Rating

4 - Wick is thick, 100% cattan, and feels very wel fo the touch
3 - Wick teeis solt but is ooty damp, not wel

2 . ‘Wick teels crusi=t on top and oaby damp, not wet

1 - Wick 1s crusied and dry

11, Adequata water flewina lowelbulb. oL .o L

Ralisg

4 - Waler nms cut of wel-hulb pan at a rate between 3/B and 1/2 cup in 3 minuves

2 - Wick 18 wal but Ihere s less than 1:8 cup of waler of move than 12 cup
overflowing the pan i 3 minuies

1 - Wik 15 barely damp or dry of pan 15 emply

Low High
1234

1234

1234

1234

1234

1234
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12. Kiin Operational Checks

123, Heating coils and steam pipe frec of sleamarwater daaks ... ..., .. .. ... ...,

(See sacticn 12a in the Guidebook for definitions of leaks)
Rabing

4 - No kaaks present

3 - Smalt teaks around fifngs. n cods, of 0 sieam pipes
2 - Several small lzaks ar one medium leak

1 - Several medium or large leaks

12b. Sleam spray free of BQuid Water . .. .. ... i e e

Rating

4 - No liguid water comes owl whan sleam spray comas on, drain Bna 8 open,
no watar spots on lumber

2 - Impeoper slope on line or drainage poid is blocked

1- Vater spols on hanber thal can be Yaced 1o the sleam spray bne or spray line
mot drairing 1o outside of kiin

12c Sleam spray unidormly distrbeted, .. .. ... ... ... § P g G S RIS 60N P T I TR

Rating

4 - Al pozzles appear 1o produce aquat steam spray

2 - Steam spray appears pol uniform or one nozzle phugged
1 - Mora than ome nozzle plugned

While Preparing Charges and Loading the Kiln
3. Lumber Quailty and Package Loading

132 Lumber thicknass vanabonm - . ... .. . e e e

Raing
Ail boards are of undonn thickness and kouching stickers; stickers are nol bent

3 Fewer than 10 boards per packaga do not touch stickers or shdcers bend slightly
over thick oc thin lumber
- Thickness vartakon & suflicent to band slickers or shaw gaps more than 18 in.
nide above boants

1 - Thickeiess vanalion 1s great encugh to make stacking visibly wregular

13b. Plenum width adequale, . .. . .0 rans A,

Rating

4 - Plenum width equals the sum of the sbcker and bolster openings

3 - Plerwm width is betwesn 34 and 1-14 times the sum of the sticker
and bclster openings

2 - Plenum width is betwesn 172 and 1-12 times the sum of the
sticker and bolster cpenirgs

3 - Plenum width 15 less than 12 or mare than 1-112 tmes ha sum of the
slicker and boister openings

13c. Package arrangemant la accommodate shorl packages. -, ................. ...,

{Ser Fig. 2 m secticn 13 of the Gindebook lor examples)

Rating

4 - Sheader length packages are always on the fop and away from the kop and end
bztfles so there are no voids

2 - Voids ara next 1o e top ar 2nd batfles bid thasa do nol go through the koad

1 - Openings g through Lhe load
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13d. Package placement s package kins, ... ...l

iSep Fig. 3 in saction 13 of the Guidebook)
Rating

4 . Initial or back row tigft against one wali. next row side shifted tight against oppesila wall

3 - Rows stagyetad. but package ends more ihan 2 ft from walis
2 - No eficrt made i pasitioning packages 1o avoid short arcuring of air

1 - Exira or additional row of packages placed in plenum space next to loading door
13e. Package plecement ort kin trucks intrack kidns . .. ...l e % 05 NI

{See Fig 4 in section 13 ol the Guidebook;

Rating

4 - All track load suppons re vertically ekgred vndsr stckers
3 - No more than one truck is not in verical alignment

2 - No morse than two lrucks are not in vertical atignment

1 - More than two trucks ate nol in alignment

13 Raifs e rack KNS ... oooiin e

Haling

4 - AR rafis lavel and vl supported with ao sign of dehection

3 - Rails zatila or move slightly in one of two places

2 . Dips in rails or mora than 1/2 in. of deflaction when loaded

1 - Rails visibly out of lavel or have a large amount of deflection

Buring Kiln Startup and Operation

14. During Kiln Startup

1423, Adequate airlow aCross WetBulb. .. .o coviinnr i s

Rating

When aidiow is maasured at the wet-bulb sensol

4 - Measured aidlow 300 fmin or greater

7 - Measured afiow 150 ta 300 fVmn

2 - Measuted arflow i less than 150 It'man

1 - Wet bult: is blocked from aidlow '

yhen asfiow is estimated at the wet-bulb sensor
4 - Can easily feel air meving acrass wick

3 - Arfiow 5 nat easy 1o feel, bud a hangkerchsd czn be blown by the air
2 . Cannal leet air movemen: or see handxerchie! move

1 - Wet butb = Bocked kom aufiow

14b. Confimm thaltraps are functioning . . .. ... . o vn i e s

Ratng
4 - Al lraps are workng
3 - Traps don't qune handle condensaie during startup

2 - Teaps are very undersized far startup and bold back a large smgen! of condensale

1 - One cr mote fraps are not working

15. While Kiln Is Operating

15a. Doors, wais, and oot ate frea ol IBAKS. .. ... oo o0 i
(Sea secticn 15 in the Guidebook tor dafinition of leaks)
Rakng
4 - Mo laaks are visible or only sfight leaks around ra:ls
% - Shight loaks around doors o other small leaks
2 - Large leaks
1 - Holes visible in the kin struciure
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15b. Confirm fan reversal by fesling asdlow direchon .. ..., .. ... W e W W PR SR T R DR 7

Ralng
4 - Aifflow actually reverseos
1 - Airdles does not actually raverse when Emer or contnd chart indicates it should

Molsture Content Controt and Equalizing and Condilioning Treatments

16. Control of Mofsture Conlent

16a. Proper sedection and use ot kiln sempleboards . .. ... o0 h o ie e ea. . 58 W D LS DL, 28

Ratin

4. ngpte boards always salacted, prepared. placed, and usad as racommendad in
he DKOM, with at least six samples per charge

3 - Sample boards are usnally sampled and prepared well with al 22ast six
samples per charge

2 - Sample board selection 15 poor, samples placed in bolsler spaces withoot proper
baffing, or lever than six samples per charge

1 - No real thought given to sampie sefection, samples poorly placed in the kiln or
only ena le Byes sample boards per charge

16b, Mosture content vanalon using kimsample boards . . ..o v oo s

Hating

4 - All sample boards are wihin 1% MG of target when kin run is completed
3 - No sample hoard more than 2% MC ofl target

2 - Mo sample board more than 3% MC off 1arget

¥ - Sample boards not used

16¢. Moisture content vanaton measured by ikl monltors . .. ... ... L Lol :

Razing

4 - A3l roadings of sensols in monitored boards are within 146 MG of sarget
when kitn run is completad

3 - No raading is more than 2% MC off targat

2 - No read:ing is moso than 3% MC off 1arget

1 - Readings of menitored boards off target by 4% of mare

t6d. Moisture coment variation maasuzed by elecinic meisture metor_ .. ... T e

Rating

4 - Al values are within 2% MC of target

3 - All vahses are within 3% MC ot target

2 - All values are within 42 KC of target

1 - Some valuzs are greater than 43 MO ol larget

17. Equalizing and Conditioning Treatments

17a. Egualizing and cenditoning treatments used correctly and used when needed., | | |, .

Ratieg

4 - Equalizing reatiment used when MC spread is 2% or greater, conditioning
used whan slress reliel is raquired. wilh close attention paid to achieving
cerrect wet-balh depressions

3 - Equahizirg reatment used when MC spread is 5% or greater, conditioning
usad when stress reliet is required. cormect wei-bulb depressions vsually
achieved in a faw hours

2 - Egualizing treatinent sefdom uced, condilioning done If required, conect
wzl-pult: depressions nol usually achweved unhil near the end

1 - Equakzng treatment nel used and condilioning consists of steaming for a
tew hours. wih no centred of wet-buib depression

mrrrRranr e
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Low High
17, Cheek for drping stresses ysmg preaa lost L. 1234
Hatio
4 - Several boarde, wide, narroys, and average width, are checked from aach kiln
charye and show no slress
3 - Only one or twn boands checked from each kitn cherge or several boards
show shight slress
2 - Drying stresses ara checked only when rouble is reported or regularly show
sevae drying siress
1+ Drying stresses are never checked

After Drying Is Completed
18. Before Unloading Kiln

1Ba Baflles used proparly . . L e et 1234
Ranng
- Bafties are placed lfiush against the top, boltom, and ends of the lgad
and were held securely durmg drying
3 - Mo spaces greater than € in. hetween baffles and the foad, and baftles
were held securely
2 - No spaces greater than 12 in. between baffles and the load, and baffles
wzie hetd securely
1 - Batilos are missing, bent, or openings are greater than 12 in. botwoaen baffles
and the load; any ballles were unsecwed

18b. Package height uniform for good top baffleeontact . ... .. Lo 1234
Raling
4 - Al pile heights are the same
3 - Pite hewhts vary but are unilcn under baffle
2 - Pde hewghls vary by 1 I, and one pile does nol reach baflle
1 - Pile heights vary by mote than 1 %, and several packages do not reach baffles

Evaiuate Stacking and its £ffect on Drying Quaiity
18. Slicker Placement

104, SUoKer AN . . . e e e ke e e e e e .. V234
{5ee Figure 5 i Gurlebook for illusiration of procedure]
Rating
4 - All stickers vertically aligned of Jess than 2 sfickers out of alignment
3 - No more than 5 stckers Uk of afignment
2 - Mc more than 10 stickers out of alignment
1 - More than 10 stickers cut of alignmant

10h. SUEKOIE TISBING 5.0, 7 o5 20 v o v o T 40 TR S5 TRG Y 55008 45 TR0 + o mesemmes o s oo 1234
Ratieg
4 - Al stickars present of no mare than 2 slickers aussing
3 - Ho more than 5 stickars missing
2 . No mose than 16 sbekers missing
1 - Mare than 10 stickers missing
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18c. Shehempaedge . ... L. e e e e

Ralng

4 - Na more than 2 stickers on edge
1 - No more then 5 stickers on edge
2 - No moro than 10 stickars on edge
t- More than 10 stickers on edge

19d. Sticker placement at ends ol packages . . ... .. e e

Rating

4 - Al stickers are vathinl stcker widhh of package ends

3 - No more than 3 stickers are more than 2 siicker wadths in from the end
2 - No meva than 5 stickers are mora than 2 shcker widths in from the end
1 - Mora than 5 ghckers are more than 2 sticker widths in from the end

20, Board Placement in Packages

20a. Packapes e square atbothends ... . ... ... . ... e

(See Fig. 8 n section 20a. of the Guidehook}

Rating -

4~A!?boazdshatl|n&ages reach and are supported by the end
sticker; ends of the packege are verlcal

3 - Not mere than 5 booards per package either do not reach the
end sticker or exiend beyond o by more than 3 in.

2 - Nol more than 10 boards per package do not reach the
end sticker or exiend beyond it by more than 6§ tn,

1 - Mora than 10 boards per package da nol reach the end
shcker or extend beyond it by more than 6 in.

20b. Qvarlapped boards m Package. ... . L ce i e e e e

Rating s
4 - No overlapped boaids can be seen

3 - Ferwer than 3 boards overlap

2 - Fewet than 5 boards overlap

1 - Mote than 5 boards gverdap

20c. Sudus of package ewen L L. L

{See Fig. 7 1n section 182, of tha Guidebook}

Ratno

4 - Sedes of all packages are even

3 - No mote than 1 cowise per package 1% nol gven

2 - Na mote than 3 courses per package are not evan
1 - More than 3 courses per package are noi evan

21. Boisler and Package Placement

21a. Bolster bunk) placement betwean packages . . ... v v it s e

{See Fig. B m section 21a. of the Guidebock}

Rating

4 - All bolsters verbealty aligned with every column o shokers

3 - No more than 2 bolsiers aul of alignment or missing in a chage
2 - No more than 4 belsters out of algrment e missing in a charge
1 - More than 4 ol boisters out of abgnment or missang in a charge
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2t b. RBalster bank placement on fooe ... ... L.
{Sea Fig. B in socton 213, of the Gurdabook)
Rating
4 . Al fioor bunks are vanically afigned under stckars
3 - No more than two floor bunks nol in vertical alignment under stickars or missing
2 - No mare than four floor bunks not in afignment or msssing
1 - More than Your Hlocr bunks not in alignment of missing

21¢. Chimney allowarce (lrack-oaded Xilng) ... .. ... ........ e e e e
(See Fig. 90 section 21c. of the Guadebook)
Rating
4 - Chimnay bebween adjacent packages is 2 o 3 in, wide and restrcted at the lap
3 - Chimney is 2 to 3 in. wide but is not restricted Bt the lop
2 - Cturnney is 3 to 6 in. wade but 15 nol resiricted at the lop
1 - Chimney 15 farger than 6 in.

21¢. Packages placed al edge of kdntrucks ... ....... h et e e rane s
Ratnny
4 - AB packagos are placed within 1 in. of tha adgs of the kifn truck
3 - One package is not oven with the edge of the kin fruck
2 - Two packapgas arg not even with the edge of the kifn tiuck
1 - More than tao packages sre not even with the edge of the kiln truck

Orying Degrade
22. Drying Degrade Seen ln Rough Dry Lumber

22a. End chacking 01 end splits vistbla i stckered imber . ... ..o L. F EPTTE R T DR e
{Exciude ning taiture. ring and wind shaks)
Hating
4 - No end checks or end splits are vissble
3 - End checks or end splits deeper than 2 i, In no more than
10 beards per package
2 - End ¢hecks or end splils deeper than 2 . 6 no more than
20 boards per package
1 - End checks or end splits doeper than 2 . in more than
20 koards per package

22b. Surlace checking wsible wmsnickared imbize . o e
Raling
4 - No surface thetking visible
3 - Surface checking wisible in f2wer than 4 boards per package
2 - Surlace checlung visble in 4 lo 8 boards par package
1 - Surlace cherking wisible in mors than B bosrds per package

22¢c. Warp Oncluding kinks) redaled to stckenng and stacking .. ..ol i il
{Thus ncludes alf distortons ihat can be related 1o stickes and bolster
misplacemant n any form, Bow, creok, hwst, kink, and sag eccurming
bacause boards are not properly sugpottad are includad )
Rating
4 - No waip ot kinks observed
3 - Warp or kinks in no more than 10 boards per package
2 - Warp or kinks in ne raore (han 20 boards per package
1 - Warp or kinks 1 mora than 2 boards per packags
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23. Drying Degrade Preblems Reporled

23a Rough mill andior gue soom complamls . ... L.
Raling
4 . Saidom receive compla:nts
3 . Comptaints of MC-related {too wet-too dry) problams affecting less than 5% of production
2 - Complaints of MC-1elated prablems alfecting less than 10% of production
1 . Complainis of MC-related problems affecting more than 10% of production

23b. Sudace checking seen unsurfaced amber or caltings .......oo ool
{exciude those aroursd knots)
Rating
£ - Surface checking seldom reportod as problam
1 . Surface checking reported for an occasional kiin chares
1 - Surlace checking hequently reporied as problem

22c. Imednal checking or honeycomb seen on ends of SuatAS. .. ... ..ol i
Rating
4 - Internal checking seldom reporied as problom
3 . intemad chacking reported for an occasional kiln charge
1 - Internal checking lrequantly reperied as a problam

23d. End checks andior end splits seen on surlaced umber of cullings . ... veen i iiai i
{axclude those associnied with ring separation, shake of bockingdofling shatter)
Rating
4 - Erd checks'splits seldom reportad as extending mose than 3 inches into piece
3 - End checks'spliis extending more than 3 inches reporied for an occasional kin run
2 - End checks/spiits extending moce than 5 inches reporied with soma frequency
1 - End checks'splits exlending more than 5 inches are a constant problem

30, Stain, incheding Sticks! stain, relaled to drying in spacies and grades
inwhichitisa degrading condON . . ... e it e
Pating ’ .
4 - Staining problems ara rarely reptried
3 - Stain affscis less than 5% of production
2 - Slan affacis tess than 10% of production
1 - Stain affecls more than 13% ol production
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Kiin

7%

Date

Surnmary Checklist for Drying Quality Hardwood Lumber
Standard Cperating Practices

1. Maintenance and Inspection

Low High
1a. Equipment above fan floor mspecled tequlary . ... ... 1223
1b. Air velocty checks made requiarly. . . ... ... s s o SR 1234
1c. Traps chacked lor proper opetation and plumbed forchecking . .. ... ..o e i 1234
1d. A supply la cortrol sstruments ard operating walves checked at regular intervals . .. _ .. 1234
le. Flegular masntenarce pmgram for Steam valveS . . ... ...oevveinnnn e, - 1 K |
Il Reguiar calibration of t2mperalure sensing devices and mdscators ............ O R A e e 1234
1g. Wel-bulb wicks changed on a regular sthedule . . ¢ SR S RS MRS ¢ on slkenssormn 1234
th. ENC walers charged cn a regular schediss |, G5 T s e i e e e e 1 3 4
1. Regular maintenance ptogram for dehumndlflcaﬂon iuins _______________________ o 3 4
2. Moisture Content Monitoring and Recordkeeping
23 Knowiedge of history of umber befare qoing ime Ml . . .. ... ... ... ... ... e 1234
2t. Use of sample bards (kiln samples) to monitor moistuse cordent . . ... ... 0o 1234
2c. In-kifn moisture content monitonng equipmeatisused . ... ... ... ., G S P RN B SRS 1 2 4
2d. Moisture content control practices tor each charge ... .. ... ... W B8 RS S Bhemadt wor ShFornn rie .. 1234
20. Drystorage ol bumber . . ... ... 1234
A. Control charts tabeled and bled Jor (BI8rEN08 . . L. . e e 1234
23, Regords o moisture content checks ars keql with control charts R i 34
3. Discussion and Faedback from Rough Mill or Giue Room Supervisors
Ja. Commumcaticns wih rough mill of glue Mmom SUPRMNISEr .., oo o e ey e ies s A T O
4. Learning Opportunitios
¢a Opportunitics lo vsa cthet sites and meet other operatos ! 1 234
¢ Altend Ory Kin Asssociaton meengs ard drying wookshops 1 234
Conirel Hoom
5. Valves Operate Properly
S5a Sieam healvatesopsmale procady . . . .. .. ... e O 12 4
% Sleam spray valve fully cpens end-chses, ., ! 4
fo. Gasces a2 wortking and 1833a¢ .. .. L e 1 4
6. Conlrols Operate Properly
g3 Venlsandsprayarenclonlogether .. .. ..o, b e e 1234
8b Recen conlzol chasts show ten reversals 56CUC .. oo o covve 1234
dc. Recenl charts show szipoint changes are made accnrdmg lotheschedule .. .. .............. 1 34
6d. Correctmstrament chats arolsed .. ... L i e ! 4



Fan Deck and Kiln Roof

7. Fans

7a. Fans and shrouds arg walk maintained . . ... . ... ..
Tb. Fans turning for peaper airflow

7d_ Easy access to fan deck and rocfvenis . . ... .. Soromin v CA— A
B. Heal Distribution Syslem

8a Heatingooiiscleanandtresofdebris . .. ... .. ... "
8. Venls

Ba. Ven! hds open and close ully
gb. Vent aclualors ang linkages operale poperly

Yard and Stacker Araa
10. Sticker and Boister Thickness

107, Shcker thickness unilormity
10h. Boisler thichness uralonmiby. .. .., .. ..., { wpen B omien v B S T AT HE SRSRLRRS

10c. Undormity of shcker straighiness. .. ... .o ene -t TR — e e

Inside an Empty Kiln

11. Inside & Cold Kiln

11a. Congansation of othar water inside of kidn
11h. Brainage from ken floor . . . L o o e
11c. Propes wet-hulbvack is used. _. ... ..o . e e
Hid Adequate waler lowwng 1o wet buld

12. Kiln Operational Checks

12a. Heating coibs and steam pipe liee ol sleamorwalerleaks ... .. 0ol R
12h. Steam spravires of BQUId WalBT . . L. v it ottt i s
12¢. Steam spray uniformiy distrbuted. . ... . ... ... Vi Bl 0% i 5 D T-F

While freparing Charges and Loading the Kiin

13. Lumber Quality and Package Loading

Tc. Fan deck {fan floor) in good repair . ... ...... § T R Gy 9E B u AR T R TR AR

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

-----

133, Lurnbat thackness Yanalon . . o . .ot ee e ke e e e e e

13b. Plenum width adequate - - -~ v v aaiane Caramraaea e vreesn e
12¢. Packaga asancement to accommodate shor packages .................................
13d. Packagepéacemammpnckagekms e e e s
13¢. Package placement on kiliirucks in lrad( Inllm ........................................
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During Kitn Startup and Operation
14. During Kiln Startup

143, Adequate aitllow across Wl DUID. L 4Lt i e e e
14k, Confinm that traps a8 funGrOMING . - ..o oot e e e

15. While Kiln Is Operating

Moisture Content Control and Equalizing and Conditioning Treatments

16.Control of Mofstura Content

16a. Proper setection Bnd use of kiln sample boards . .. ._. ..., ST Foedi Whonorer § oon wives v 3 e ssesacs s
16b. Maisture content vanation using kilnsample boards . . ... ... ..., ... ..,
16¢. Moistura eonien! vanation measured by nvkinmonilors . . ... ... ..o
16d. Maisture tontent vanialion measured by elactice moishura metes . ... ... ... ... ... ... ...

17. Equalizing and Conditioning Treatments

17a. Eguiatizing and conditiomng treatments usad conectly and usad when needed. . ... ... ... ..
175, Chack for dnpng SHEsses Using PIONG I88E . . . . . . .ttt et e e

After Drying ls Completed
18. Before Unfoading Kiin

18a. Battles used propeny ., .. .. . riiciee e e oo sorgremess win s smiosoke S e
18b. Package haight uniform for goad wphaflacontact . .. ... ... .. . ... Lo

Evaluate Stacking and s Effect on Orying Quality
19. Sticker Placement

193.Stickera1imnenl,.‘.. RS ——
10, SHCKEPS MISSINN ..o v« v oo v cnmvsns 5 3 oo v B B BB 55 BES 95 00 <4 oens omforir
189¢. Stickers cn edge . T
18d_ Sticker placement at enﬁs ci pa\.kages ................................... g R I O T
20. Board Placemert! in Packages

20a. Packages are square &LBOM BNES ... oo oun ittt e e e
23b. Overtapped hoards inpatkage .. ............ iy B8 WA VR S NS N R SNET % ISR 5 P SR 1 1
20 Side5:0l PATRAGEBNEN 1. & v o vowrcss s o v ¢ o B EESIEE W T8 55 T S0 o i .
21. Bolstar and Package Placement

2ta. Boister {bunk] placement DEMOBN PAKIGES . . .. vt i e e
21b. Bolster tbunk} placement on l0GT . ..o i e e e
21z. Chimnay aliowance ftrackdoadad Kilns) . . . ... ...
213. Packages placed at edge of kdntrucks . .. ..., . ... i E RS B R B L ETE e e T o e T
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Drying Degrade
22. Drying Degrade Seen In Rough Dry Lumber

22a. End cheching or end splits visdble m slickered lumber ., ... Lo S
22b. Surlace checking visible m enickared damber . . oo

23. Drying Degrade Problems Reported

23a Hough mifl andfor lue room complaings . . ... ..ot e
23b. Surtace checking seen unsurfaced umberoreuttings .. .. ... ... ...
23c. Ixtermal checking or honeycomb Seen ON BEAS OF SUAIACES . . .., ... o ity i
23d. End checks andor end splits seen oo surfaced lumber orcutings. . ... ... ... L.
230. Stain, inchuding sticker stain. telated 1o drying in species and grades in

which #is a degrading CONdIION . .. . ... ..ot e
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{ate

ChecMdist Arranged by Drying System Components

Kiln Structure

1¥ Reilsobrackkdns . ... ... ... ... L. Y T 7T

Air Circulation System
Fans and Motors

Baffle sand Plenum

b. Pfenumn width adequate . ., . .. Aimimeninas wor im m m momEeseimiCE RN sefae eSS SR A s 5
18a Baifles used propedy . . ... ... ... Ve spmiaminn BLSUREEREEY S e o

Heating System

1¢. Traps checked for propet operation and plumbed for chedmg ............................
te. Aegular maintenance program o sleam valveS . .. ... .. .t
1. Regular malntenance program for dehumidsication &ins , . ... .. ... ..l S
Ba. Heating colfs cleanand kee of debeis. .. .. ... ...... ... ..., Soe R G D A WRERR S Y 8
¥2a. Heatng coils and steam pipe free of steamorwater 1eaks . . . .. . .o.oo it i e
14h. Cenfimthal fraps are functioning. . ... ..... ... ........... e e

Venting-Humidlfication System
Ga Venihidsopenandcose Ml . .. ... ol e

. Ven actuators and linkages OPErBie FIODERY . ..o ov e,
12b. Steam spray tree of TqUsd Water - . . .. . ... ...
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Control System

1d. At supply to control instruments and operabng valves checked at reyudarintenvals ., ..., .. ..
H, Reguiar cabralion of temperature sensing devices and endicalors . ... ... .. ... .. ... ..., ...,
1. Wet-hulb wicks changed ona reguiarschedile . ... ... i i e
jh. EMC walers changzd on aregularschedule ... ... ..o ... . L
2b. Lisa of sangia boards (kdn samplas) to mondor molsture conten. ... .. ... oo
Ze. Inkiln moisiura content monilongequipment s used .. L.l
2d. Contret charts fabotad and filedlorrelorenos . . ... oo i i e e
ba. Steam heat valves aperate properly .. . .. i
5b. Steam spray valve fully opens and Closes . . ... . cr it e e e
Sc. Gauges are worlang and readable .. .. ... il it e e
6a. Verts and spray arenol ondogether, . . . ... . i i i e
6c. Recant charts show setpoint changes are mide scconding tothe schedule . . ... ... ... ... ..
6d. Cormect mstiumen] chans B USEE . ... .o r cvi it it e ey e e e e e e
Tic. Properwel-bulb wiCk IS USed... .. . ... it it e e e e e e TET
11, Adequale walex llowinglowelbuly . ... ohonvn i ih s 5 B WS Y RIEE Ve 65
14a. Adeguale aiflow acroes wat bulb . .. L. .o e
17a. Equalizing and conditioning treatments used correctly and used whenneeded. . .. ... .........

Stacking
Sticker Placement

B T T T Y
19b. SHCKBrS MISSING . .. . ... .i e e R UGN G S OGS B DM 6 BB S TR
19¢. SUCKBIS ORI OO0 : o0 i 2 vovims o ik 03 50 56 5% o8 TRSRPES U5 Ve o5 DE0 B0, WE 06 SHRET BN ViR o4
19d. Sticker placement a2 8nds of PaCkages . ... .. e e

Sticker and Bolster Thickness

3. Sticker HCKRBSS UNIBITIIY .. . o0 0o e e o it n s ems oo T e s ses e s s b ee e s
10b. Bolster thackness Unaormly. . ... i i e ee e e e e
10c, Uniformity of sticker straighlness .. ... .. ..ol Ry TR G R G SRS e B RE

Board Placement in Packages

133, Lumber Thickness waAaBON. . ... .o ittt ci i e e e e e e ek
20a. Packages ara square at bolh 8nds ... Lo
20b. Orearlapped Boards 0 patKa e . .. . e e e e
20¢, Siles of PACKRGEIBVEN wrs i v ss @ o v asie o o e o ¥ e e S R RS B SN % R e § o
Package Placement

13¢. Package arrangemant 1o accomaedato shart packages.. - . ... .. ... ...
13d. Package placement m package IS .. ... ..o i i e i e e
13e. Packane placemert oo kintrucks inbrack kilns .. ... ... i S
18b. Package heighl wulorm for good topbalfiecontact .. ... ...l Lol
21a. Bedster {bunk] placement hatwean packages . . ... .. ST GEEEE SR G OE LI s mn s s s 86 1
21b. Bofster jbunk) pfacement on BooT . . ..\ oo e e e e e s
21c, Chumoay allesance frack-paded KilRs) . ... v i i e e
21d. Packages placed al edge ol kiln drucks . ..o
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Moisture Checks and Drying Defects

Moisture Content Checks

Low High

2a Knnwledge of histooy of lumber before going ifofaln . .. ... ..., o E N 1234
2d. Misture content controt practices for 8ach changd . ... .. ... v e iieii e, 1234
2e. Dry storage ot lumber . . e, 1234
2g. Records of moesture canter checks are kepl with condrol chest . ... 1 34
163. Proper selection znd use of kin sample boards . . . ... very 5% SRR SRR S LR B S g 1234
16b. Woishure content vaniation using kn sample boards . . ... ii e fisimr wibonndd 81 monsd 1234
16¢. Moishere coment varialin measured by in-kiln momdors . ... . ..., e 1234
16d. Moisture conlent vadation measured by electne moishwremeter . ... o o oo 1234
17b. Check 1or drying sirasses using prong Besl . ... ..o v vi i ot ciiian e o s ey 1234

Drying Degrade

22a. End checking or end spiits visble in shckered lumbar .. _ ... ..o ool .. 1234
22b. Surfaca checking visibla in snickersdfumber . ... ... 1234
22c. Warp {inciuding kinks} related 1o snicketing and SICKING . . .. ..o vt vevtiiiannnsieinniieane 1234
23a. Pough mill and/or glue F00M COMPIZINIS . . . . ... ..\ oee it 1234
23b. Surface chacking seen unsurdaced amber Of CUEDGS . . ... . .o vueeeiiiin i i 1234
23c, mtema? checking of haneyoomb Seen on ends o7 SUTACES . .. .o v vavuy e i nirirerreiness ! 34
23d. End checks and‘or end splis secm on surdaced imberorcutlings. ... ...t ii e reanene 1234
23e, Stain, inckiding sticker slaim, related to drying in species and grades in

which it 15 a degrading condition. .. ... ..ol 1234
Communicalions and Learning Opportunities
3a. Communications with roligh mill or glue rocm supervisor . ... ... e 1234
4a. Opportunities to visil other sites and meel olber operators . . .. .. ... e e 1234
4b. Atierd Dry Kitn Associaiion meetings and dyng workshopS, .. ..o v v visis e e iiseneranannns 1234
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msasaasuAALITReAE prong test

Immediately After Standing for 24 hours
after cutting ’
1. Turn out 1A Turn in 1B Does not change
Surface in tm Indication of unequal moisture content Indication of practically equal moisturc
and centre in distribution: surface drier tham centre. content distribution. Susface in tension
compression Occurrence: Early stages of drying. & ceatre in compression.
Remarks: No need to steam, may need Occucrcnce: After over steaming at low me.
to raise humidity. Remarks: Steaming has been too severe,
)|
2. Tunln 2A Pinch tighter 2B Become straight of turn out
Surface in Indication of unequal moisture coatent Indication of unequal moisture conteat
compressioa and distribution: surface is drier than centre. distribution: centre is drier than surface.

centre in fension

Occurrence: After the centre dries below

fibre saturation point.

Remarks: Advantageous point (0 relieve

stresses by steam treatment.

Ocrurrence: After steaming but before
redrying. )
Remarks: Prongs cut after re-drying should
Temain practically straight,

3. Remain straight

Free from stresses

3A Remain straight

W

3B Turn in 3C Turn Qut

Indication of equal moisture Indication of uncqual moisture Indication of vnequal

content distribution and
freedom from stresses.
Remarks: Correct finat
condition.

content distribution: susface  moisture content distribution: |
is drier than centre. centre is dricr than surface,
Remarks: A short steaming  Occurseace: During some
treatment to balance moisture  period of redrying after
content should also refieve
stresses.

steaming
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Prong tests for detection of stress. (Mills 1991)
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Board Distortion {Pratt 1974)
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Characteristic shrinkage and distortion of flats, squares and rounds as effected by the direction of annual

growth rings. (Mills 1991).



