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INTRCDUCTION

In January i987, the Royal Governaent of Bhutan reques:ed UNIDC

assistance in the construction of prefabricatec wzoden housing. The
project foresax the services of a tisber engineer as well as foreszn
carpenter to produce the prototype houses. Because of problees thatl ths

Gedu Wood Manufacturing Corporation (GWHMC) had ir wood drying, 2 six week
mission by a wood drying consultant was 21so includes.

Mr. D. K. Gough, consultant in wood drying undertook this eicsion froz
S March to le Apri! 1988.

Mic terms of reference were:

Part A - Rith respect to the Gege #Wooc Manufacturing Cerporziion, :ac
per the joox cescription of 16 Julv 1287:

) fccesc the <tate of tne four 70 e3 kilnc and all aux:iiary
equipment, and, if necessary, wzke the regquirec sgjucstmsnzs zng
calibrations.

2. Octair infereztio ¢n tnes speciss likzly 0 S8 eriszg zng

ion
recomaenc dryling schecules.

3. Train labererc zngd kiln cperatsrs on  tne correst sizgking
2nd cperztion of the kilns.

4. toncust 2 short course for the operators ane  for  ine
tecnnicians in the Gedu complex tc cover:

- tasic k5ed anatozy,

- 2ir hueidity/moisture content relations,

- cefecte of arying (case hrargening, honevcs
warping, etc.),

- kiln drying {wha: happenc in the kiln},

- kiln decign

13

p:n3, Checsus,

Part 8 - Gereral, as per {(a) tnhe joo description of 1€ July 1287, (
iecuscions in Vienna a. the time of briefing, 7 and 8 March 1988, anc (
request mace by Forest Department in Bhutan,

z)
c)

1. Comniis the teaching aide, materials and handouts used in tne
courses into 2 "Manual on kiln d¢rying of timber’ for future use as
a textbook and by the staff at Gedu and in technical schools (and
future wood processing plante in Bhutan).

2. Evaluate the potential for ucsing seasoned tiader for
particular applications in B8hutan following discuscions with
specifiers and tisber users.




Rcsess the requireaents for a sclar kiln irstallation 2t the
PND Nooden Bridge Project at Gaylegphug.

Assess the requirements for 2 solar kiln :nstallation at the
Ramtokta Depot of the Bhutan Logging Corporation.

Give advice to tne Bhutan Logging Corporation cn the
proc=dures for undertaking sawaill recovery studies.

Inspect and give advice on the roofing shingle trestaen:
fproject, operated by the Forest Departeent at Puaiziha.
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Part A - Gecdu Wooc Manufacturing Carsor2tion

i. Introduction

The sawmijll at Gedu Wocd Manufacturing Corporation (GWMC) produces sawn
tisber for

(a) blockboard, eanufactured at GkHC.
(s} joinery, furniture anc prefabricated housing, manufactures at GRHC,
(c} sale to the private secter or for Gevernzent building projects.

Samun timber for sazle ic usually sold unseasoned but tre tizser used by
GNRC for blockboarg, joinsry, etc, iz ali sea2scned.

The cazacity of the ©tlsckbez plant 1is quite high, ac :=lso is ths
petentizl tiaber require=zents for t.e jeinery plant. witrn bori rplazais in
full coperztion., the full ab:ility of GWMC to produce tizber fcr csz.e wil: be
Severely -1=1ted excest feor <core low grade preocucte which czmmg: De uyzed
*in-houcs

fpzrt froe the possibility of doing come cus:ics S2xinRg or sssesning, <F
195 or sawn tiaber supplied by cthers, both the s2wmil]l znd the seasgarng
kilne snould be regardec prisarily € supplying tne ngeds of the Sleckosars
clznt and the jcinery, wnhich are certainly the em2jor clients.

Four identical ‘Mildebrang’ Kkilrne were ccoommiscsicored for zervies Ik
Sertember, 198¢4. Tne birief of Part A of the consultancy was ezcsentially:

- to evaluzte the oparaticen 57 the kilng;
- to detersine the drying charzcteristics of the cpecies :involves;
- to develop an efficient operationz! progrzzsz Tor zszzgning 2%

GWMC;

- to train ctaff in timber zezconirng.

2. The inflvence of other factcrz 2t GWMC on tigbar ce2zcning.

GWMC 1ics an integratec wocd prccessing complex where :wne varicus
sections: 1logging, plywcod, blockboard, cewmilling, sezeoning ang jcinery
2re dependent on one another to varying degreec.

The ceasoning cection is influenrced Gty other <cectione anc for thic
reason it is necessary to examine all cections to some extent, to improve
overall integration.

2.1 Log resources

The log resources are principally temperzte rainforez: nharcwcode ang
although up to 60 species are reprecented in the forest, most loge are from




n soa2 secticns :a 1982 a
aticipatsd tarasts. It ic
rocuction, howeier, i: does

about 30 <cpecies. Gk1C commencecd opearations
prceduction rates are gradually cliading tcowzras
difficult to detzreine the level c¢f current lcg

-
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exceed current veneering ang sawmellling procucticn ratas and a c¢oas:gdsr-adle
surplus of 19¢s 1s available fer export to India. Sy most stancards, the
size and fora o7 logs is poor. ULog diameter ranges from 2bout ! = ¢ 9.3 &

(40" to 127) with emost logs less than 0.6 m (247). The fores: canzgement
regime is changing from selection logging, to clear felling 1 siric
this should have no significant effect on log quality.

2.2 Veneer and plywsocs

Vencer and plywood procuctisr resuires logs £f Leiter than 3verage sizs
and fore (straightness). It is a czpital 1ntens:ive Cseratisn  2re cely the
better logs of preferreas <sdecies are diver-ted o trne plywoec clznt. 7The
length of veneer logs :c restricted to about 27. =2 (9°) and the practice s
to dock all logs to that lencin :n the Bush an2? n:zul thea to €ess wn2-c iney
are classifie2 a< either veneer l3gs or saxloges.

2.3 Sammilling

Given the cawsill equipment, the sawing of 1332 n 2.7 = lsxngthe iz
satisfactory. Diversion of the beiter lcgs tc tae veneer &1l :c 2ccepted.
Heowever, sawmill preduction arnc tn® sSySsequent sesscones zZuzlity o Iur-eatliy

t a very low level, zainly bBbecauce the cawcill o1z t2uiag tne crfficllt
cpecies anc the tse3l) and sissnaper l1c3s. Not @il lo3s 36:n6 to tue seEwmiil
are difficult, berdy, etc. bul tnacse that are ¢f:sn cause brez2xscsns, inhey
are difficult to handle, they presule lca €z2xn Znz cezscnec recovery znd
they reduce procuciich rates.

In ganer-al, the nigh dens:ity zoecies sucrn 38 bek {c3k: 202 Kerus
(chestnut) are <he ¢d1ff1cuit spec:es o zaw. Ransszzxe in particeler, shcuid
be preparec (cshzarpened anc -encicnel, for a cercain clace of l3gz z-2 1t ic
tad pracrice t5 te csaxing a3 smixture of cpecies covering 2 wise -erje of

dencsity.

In ad2itior, the sauwmill:ing zachinery 1¢ relzacivelv i:grnt for
processing heavy hardwoods. The bendy miscshapen l3g:s are very c¢iificult {c
handle and they put unz2cceptable stress on the 1log ioading sezr 2ng the
carriage.

It is strongly recoamended that the difficult species ang ine bendy,
mischapen logs b= sold at aucticn. Priority muet be given first to the
veneer mill, then to the sawmill, with export quality coming thirc.

further observations about the cawmill are:
(a) All loge should be debarked to protect the <=awbladee from

stones esbedded 1n the bark. Thig shoulcd be dene just belore
sawing.




(b) Specialist assistance of an exper: sawdoctor is reguired o
help overcome the all toc frecuent incidence of gqullet cracking.
(Four headsam blades snapped in a perioc of two weeks dJuring the
consultancy.) This could be due <o tne high deasitvy 12gs. The
sawdoctor and his assistant 2re quite skilled at thsir job but
adcditional tuition under an experierced expert at Gecv would be
tisely, and would certainly be of great benefit.

{c) Comaents have been sade in the pact 3bou:t the absence of
green chain (sorting table) 1in the sswaill. Given the limit
range of product sizes it is felt that tniz ic nct 3 major croslen
at present.

{d) Sizing of sawn ma2teria! ic often erratic. Thisz ic zrocably

due in part to sawing high density logs and bendy logs with a :iot

of tension wocd. Hodever, because the =<cawn s::z8 313 ¢fien

variable, a rather generouc oversize allowance ic made. This, of

course, reduces Trecovery, imncreasez sSEaconinag tige aznd reguirecs

more power for amzchining.
2.4 Joinery

An important prerequizite for a prefizable joinery sperziicn T oz
sucply of high grzgde, well seasoned timber. Thers :3 litils scooe far ueing
low grades wnich have excessive distortion ¢Cuz tc tensicr wscs from -ens
iogs. There is alsc little scope for using high dencity tigzer :in joirery,
furniture or prefabricatec housing. especialiv when interazl cresxing zns
ccllapse hac occurre¢ in sezsoning. 8ak 2anc checstrus are particularly
cusceptible to ccllapese.
2.5 B8lockboard

Anoin fde 22537, oo follouwing

Beczuce of problems tnzt have aricen
zpecification for blockbcard material ic alrezdy in place:
(2a) Dense cpecies {(cak and chestnut) are not perz:iztec.
(b) Pieces less than 100 mm wide are not peraittecd.

{(c) Moisture content of B - 9 percent is requirec.

‘(a)’ is understandable because the dence speciec are difficult to rip -
and they rapidly blunt the saws.

‘(b)’ is unfortunate because blockboard is really a good means of usin
saall sizes. However, small sizes produce a lot of waste and they alec
reduce production rates.

‘(c)’ means that blockb.ard and joinery have to be ceasoned in separate
charges because joinery thould only be dried to about 12 percent moisture
content. In fact the 8 to 9 percent wmoisture content requiresent wac
probably set because a higher average, cay 12 percent doec, under cur.ent
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seasoning condition, produce 2 wicde rangs of valuse ang often Cort2ins seee
piaces of 20 percen! moisture content and more. M::n the reecvz! 3¢ gense
species from the log intake a2nd an improvesent 1n seascning cractice, it
=hould be possible to increase thne average ecicture conternt for oiackosars
to the saw as that for joinery.

Flexibility in the seasoning operation ic ispzired due to tr:z c:ffer:ing
reguiresents of blockboard and jcirnery, for final mcisture cenrieat anc fcor
thickness. A raticnalization is certainly recuired here s3> that boards froa
the sawmill can be stacked anZ seasoned in the same charge and :then grades
for either blockpoard or jeoinrery uese, as ths stacke zre sreken ¢3xn, The
t21lying could alsc be done 2t the same time inctead cf the current
practice, which is to tzlly before cz2=5oning whern tha stzck iz dsing builet,

The most sionificant factor from the above is that the dense species
and the bendy and eisshapen logs should be sold at auction. It is not
profitable to process thea or to attempt to use their sawn product at GWNC,
for either blockboard or joinery.

Note: The current stock-pile of 109z at the cawna:ll i1z extrsasly lz2rse
2nd contains 2 nigh proportion of these unsuitable 1legs. The stock pile
should alss be czlledg an2 only the suitable logs selectzd for saw:ins. Az
the s2me tiame, the cstock pile of logs for auctiion could also e checwued anc

the batter logs taken out for procezsirng by EN=C.

3. The kiln sezsoring installation at GWNC

Four identical 'Hildebrand’ kilns were comzissioned €27 ZErvice :if
Sertember 1985%.

E. . kiln hac two tracks &ng easn tracw €2t oteke 3 3tacx T.2 ¢ 28T
long x 2.4 & (£°) wide x 4.0 ¢ {13°)} nrigh Tne vclupe o0f 32 =2 i1 1/g7)
thick tiszber 1in such a stack vceing 25 ms {17) stickers :e zdguz 28 ¢ ¢
subic maters (922 to 1060 cubic feetr)

Tne kiln builcings are censiructed of insulatec alusminus pznsie. Ezon
n2s 2 single access coor, the full wicdth cf tae kiln (7.2 & {2277}

Finned csteam coilc are used for heating.

A water spray 1line with atomizing noz22les is wused ts increace
humidity.

Each kiln is fitted with two paire of automatically operated vents
controlled by the EMC set pcint. Four, 75 cm (30") revereible fane each
powered by 3 kW (4HP) integrally mounted electr.c motors cet at 26 degrees
pitch and running at 1450 rpe., provide =2air circulation. Infinitely
variable time clocke permit fan revercal at any interval up to six hours.




11

Kilan control 1is autoeatic, base¢ on teeperature zn¢ eguilidbrig
moi1sture content (ENC). Teaperature, EMC of the kiln atacsphere and
mojsture content (2.c.} of sampls boards via resistance eleciracsz, ars

recorded on rcli chart recorders.
A 1ift truck and transfer system ic used for loading the kiin:z.
These kilns do have a number of lis.tations and it has beer the aie of
this consultancy to define the limitations and :o develcp 2 pragrzess of

operation to work withia them to optisue efficiency.

3.1 tieitations of the kilm installation

3.1.1 The 1ift truck is § = lorng. This liarts the leagth of = =z:izex %
6a and the voiume of Eich stack tc abcocu: 23e3 fer 32 a3 thisix tizler anéd
abtout 30 e3 for 57 2m. Good working figures for these cizes ares 25 €3 (709
c¥ft) ard 27 m3 (959 cft) recspsctively, for stacks 2.1 & (7'} wkice ¥ita 2
stack length of § & it ic necessary tec install bafflec at one end 2 orevent
the air flow by-passing the stacks. Combiraticrne of twc short sizzzs, e3. 2

x 3.5 mor 2.4 and 4.8 & stacks could be concigsred as an 2!t
in practice this woule no: pe fezsiple wnile 2.7 e iz the Lreceginznt isngtn
of lags preocecsad at the sawmill.

3.1.2 The kiln size ic ecuire lzrgs, -he ctacke are kKice

very high, eaxing stack construciicon tigse eoaneuling :anz  lascr oo

The <tacks being built 2re very gecod but under the circusstzarnc
isposciblie to use a stacking guide anc there ic no hydrauvlic 1ift <5 zessict
with stacking. Dectacking 1ic also difficult froe thics height [4 = (13°)).
Concideration chould be given to inct2lling a hydraulic 1lift piz:fera for
constricting cstacks. A <ctacking guide could be fitted tc the zlztferm z2nd
this woulc encure that wsl] made <ctacks were constrictec. Tre =uzczer of
lzborers ucsed for stacking coulc be reduced and further reasuctions cculc be
made by using a forklif: to trzncfer timber froe tne cawaill to t-e life
platfcras.

3.1.3 The kiln buildings are we:il ce2a'ed ard inculaied. MHouszver, th

2
doors are extremely large arng at leacst three zen are required T3 <pen ang
cloze them.

3.1.4 The finned heating coils are located in the roof spacs and zre :n
good condition. There are no re-heat coilc betwezn the stacke, but ihic iz
not 2 problem. Kiln heat-up time ic quite acceptable.

3.1.5 The water spray can generally maintain high enougn humidity tc
prevent degrade during drying but it i< not able to produce a high enougn
humidity to undertake a high humidity treatment (HHT) at the end of drying.

An HHT i< of great benefit at the end of drying and should be run at a
temperature of 800C with 2 relative husidity approaching 100 percent [EMC of
18%+4), for up to four hourse,




The ef
gradients,

fect of an
2nc to reduce case hterdering.

HHY 1< to reguce &ry:ing
a1l

stresses, to reduce =oisture
cf thic helpe to reduce any

sovement in ihe tiaber after drying and 1t makes the tisber much easier to
process Wita planing machines and splitting sams, etc.

With the water spray however, it 1:1c not possible to attain 2 high
tesperature and a high humidity at the ca=e tise, becauss the heat deaznl 2
vaporize the mater spray is tod kigh. It :s possible to reach atout 85% RH
and 550C (EMC about 16%) but thic is nor suficient to provide ap agegust:s
cteaming treatment.

It 1s recomesnded that, in the fircst imstance, fns xzter sSpray :in twg
cf the kilrc be replaced by 2 steas spray. .- wzter spray nozzle sheule bde
reaoved 2nd holes drilled in the cpray lin 3. atouv: S0C 2= sgziiag. It

2v be necescsary to raslace the contro: valves with steas wvalves. Thic
coule be dete-mined by the plant eagineer.

The steasir- treatment will Se ¢f gost benefit t¢ tha denser speciss
ang te the thicker timber. The csecend twe Rilns coulg &lsc Te csavarler ts
ztz2m, depencing on the recsult achieved with the first txo.

3.1.6 The temperature and humidity csncit:sss in ths uiles
zn6 conti2lled using recsictance sensors for ts-ocerziure and 2o €
ghbtzin 2 res:ctance cerived value for EMZ cf tne Biin zisosshers.

K;lrn ziesperatures znz ENC were coheckEl UTIimg INMETIICSGUSIE ERT

narmocoupie wer Sulb.

Tne dry-2ulc  znd wet-oult re2cinT WEre 2ptlizc U9 pIveongzersic tatliss
¢ sttz:in ine cerresseoncding EMT valuss

Czch xiln w3 checkec arc & sysnary oF the resylite 1z 2g folicue:

Riln No. |Temperature E.M.C.

1 Readings arxe close, Auto Readings are seriously
control not working out

2 Indécoted temp is about Indicoted E.M.C. is about
1-2" high 1% low

3 Indicoted temp about 1-2° Indicated E.M.C. is about
high 1% high

4 Temp appears to be controlled |As with kiln 1, Readings |
by sensor on the oir exit are very low. This signalsj
side of the stock for the spray line to be

on continuously.




All ot the control wunits need a thorough overhaul. HMany of the
function indicator 1lights do not work. It 1is recoamended that a remote
reading temsperature indizator be obtained, sisilar to the digital reading
thermocouple unit used in the above tests (Leeds and Northrup Model 933,
Numatron). Such a unit could also be used for testing the veneer kilns.

A point to note is that there is a temperature sensor on either side of
each kiln and they alternate to control kiln temperature, depending on the
direction of air flow. (See fig. 1.)

8 —~

iegsor 3n Sensor on
eft side 4., right sid
controls -2.' ﬂ — A) \c:gtro:: ¢

) I | 1

Fig. 1: Showing change of sensor control with change
in fan direction {end elevation).

it is wmost important that the fan change is synchronized with the
correct temperature sensor.

Under the remote circumstances at Gedu a wet bulb tesperature csenser
would be preferred for both indicating and controlling the husidity
conditions in these kilns.

3.1.7 The air circulation equipment (fanc, vents and +an reversal
equipment) is basically good and in good working order, however the fans are
considered to be too small for the task at hand. Air speed between the
sticker spaces was measured on the exist side of the stack ucing an “Alnor’
hot-wire anemometer. The testing was extensive, with measurements being
taken at every fifth sticker space down the stack at four positions along
the stack (see fig. 2). Only one kiln was tested but readin.s were taken on
both stacks with the sir flowing in both directions. The re.ults are listed
below. In he first series of tests, there was no baffling in place and both
stacks were 1located centrally along the rails with a gap of approximately
0.75 » (307) at each end. These results (see pages 15 and 16) show that the
overall average is higher through the first stack, 1(b), but the uniformity
of air flow is very poor with hardly any air passing through the top third.
Total air flow through the second stack, 1(a) and 2(a), is very low at 0.2
meters per second (mps) and uniformity of flow ic still very patchy.
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Fig. 2: Side view of kiln and a stack showing the points at which
air speed readings were taken, i.e. every fifth stick spacing
at four pocitions along the stack.

The a2ir flow through the end spaces is quite high (up to 2.6 =ps)
through spaces about 0.75 & wide) and it is quite clear that a large voluse
of air by-passes the stacks. Ac mentionec, the lift truck is only 6 2 leng.
This limits the stack length to 6 ® in a kiln which is 7.5 = deep.

In the second series of tests {pages 17 and 18), ths stacks were esoved
to alternate ends, i.e. stack 1 was left near the door and stack 2 wa2s soved
right in to the rear wall. The overall average figures impreved to some
extent (averages 0.4 to 0.75 mps) but the results were still not unifors
fros top to bottom, or along the length, particularly for stack 2 (3(b) and
4(a)), which had thinner timber and more stick spaces than stack 1.

In the third seriec of tests (pages 19 and 20) two plywoog baffies 1.2
» wide, from the floor to the false ceiling, were installed in the rear of
the kiln. The average air flow was from 0.8 to 1.1 mps and the un:formity
along the stack, and from top to bottom, wac improved considerably. The air
flow at the top wac consicstently lower than that at the bottom, however,
thic result is acceptable and similar baffles are strongly recommended for
all kilns,

Note: In this third series, both stacks were actually of 32 em thick
tiaber. A higher air flow would be expected through 57 am tisber.

2.0 sps through the stack is the figure generally recommended for
conventional kiln drying, and larger fans, eg. 1.1 = diaseter with 5 kW
sotors, would be recommended for kilns the size of those at Gedu. It would
be impossible to make such a change now, but this does emphasize the need to
take care with closing off all air gaps around the stack.

Practice at GWMC has been to set the air flow revercal at one hourly
intervals. With the relatively long drying times involves, it is
recommended that four hourly intervale be adopted.




Above

Stack 0.8 0.3 0.7 0.4 Av(a)
Exit side 0.3 0.2 0.4 - 0.25
stack 1 - 0.2 0.4 - 0.15
- 0.5 0.3 - 0.2
l.6 2.0
end 0.2 - 0.1 0.1 end
space 0.3 - 0.1 - 0.1 space
Poor 0.4 0.1 - 0.1 0.15
0.5 - 0.1 - 0.15
4 0.6 0.2 0.3 0.6 0.4
’ ©] |®
K Bearers 1.0 0.3 0.9 1.0
-,
z Av(b) 0.3 0.15 0.2 0.1
I Overall Av 0.2 mps 1(a)
Above
Stack - - - - Av(a)
Exit side 0.2 - - - 0.05
stack 2 _ _ _ _ _
< 2.0 1.1 - - - 0.3
end
space 0.2 0.1 0.4 - 0.2
Poor 0.8 0.2 0.3 - 0.3 1.2
. 0.9 0.3 0.4 0.2 0.45 end
@A @ 1.1 0.5 0.6 0.5 0.7 space
1.2 0.5 0.7 0.7 0.8
<]
z 1.3 “.5 0.3 1.0 0.8
1.2 0.7 0.8 0.9 0.9
I 1.0 0.8 0.7 0.9 0.85
Bearers 0.9 0.9 0.7 1.0
Av(b) 0.75 0.3 0.35 0.35

Overall Av 0.45 mps 1(b)

Measurementt are in metres per second (mps).
Av(a) gives the average measurement for each position down the stack.
Av(b) gives the average measurement along the stack.

Diagrams (plan view) show measurement positions and direction of air flow.
Stack 1,Walnut mixed thickness. Gap of 2' at top of stack.
Stack 2,Mixed hardwoods 1%" thick. Gap of 1' at top of stack.




Air Speed
in m/sec

Av (a)

0.3
0.25
0.3
0.1
0.25
0.2
0.1
0.05
0.05
0.15
0.25
0.3
0.4

2.6
end
space

Overall Av 0.2 mps 2{a)

1 2 3 4
Above
Stack 2.2 0.5 0.4 1.2
Exit Side . 0.1 0.1 0.7
stack 2 0.4 0.1 0.3
2.0 0.2 0.1 0.3 0.3
end
space - 0.1 - l.G(ﬁap)
Door 0.1 0.6 0.1 0.2
0.1 0.5 - 0.2
7 0.1 0.1 - 0.3
2
C> (), 0.1 - - 0.1
%3
> L 0.2 - - 0.1
y 24 0.2 0.1 0.1 0.2
I 0.2 0. 0.2 0.3
0.5 0.4 0.2 0.2
0.7 0.5 0.2 0.3
Bearers 6.9 0.5 0.7 0.9
Av(b) 0.25 0.2 0.1 0.3
Above
Stack 0.2 0.2 0.1 0.3
Exit Side - - - -
Stack 1 _ _ _
2.4 - - - 0.
end
space 0.5 0.1 0.3
T oor 0.8 0.4 0.5 0.8
‘ 0.5 0.4 N.5 0.9
—@_14 @ 1.1 0.9 0.5 1.1
*3 1.2 1.1 0.5 1.2
1.6 1.8 0.8 1.
2 1.7 2.0 0.8 1.4
I
Bearerq 2.3 2.5 2.2 1.9
Av(b) 0.75 0.65 0.35 0.75

Av(a)

0.0
0.0
9.1
0.2
0.6
0.6
0.9
1.0
1.4
1.5

Overall Av 0.6 mps 2(b)

—_—

2.6
end
space




Abovel 1.0 0.3 0.5 1.7 Av (a)
Exit Side 0.4 0.2 0.2 0.1 0.2
Stack 1 0.3 0.2 0.3 0.4 0.3
1.7 0.5 0.5 0.4 0.6 0.5 2.8
s;:ge 0.5 0.6 1.0 1.1 0.8 s;:ge
Dour 0.5 0.4 0.9 1. 0.75
0.9 0.6 1.0 1.1 0.9
4"® 0.7 0.6 1.0 0.6 0.7
3% ) 0.9 0.6 1.3 1.3 1.0
e} B Bearerﬂ 1.5 1.4 1.9 1.5
Z'ZL. Av(b) 0.6 0.45 0.75 0.8
Overall Av 0.65 mps 3(a)
Seaex | 07 : - - Av (a)
Exit Side 0.5 0.2 0.5 0.1 0.3
Stack 2 0.5 0.3 0.3 - 0.3
2.8 0.9 0.6 0.5 - 0.5 2.0
s;:ge 0.6 0.6 0.7 - 0.5 s::gc
0.9 0.7 0.7 - 0.6
Door 1.4 0.8 0.8 0.2 0.8
0} 1.4 0.6 0.8 0.5 0.8
4x 1.1 0.7 0.9 0.7 0.85
3 ® 1.3 0.6 1.0 0.8 0.9
< ¥ 1.3 1.2 0.9 1.0 1.1
24 1.2 1.0 1.1 0.8 1.0
"t 1.5 1.1 1.2 1.0 1.2
aearersi 2.8 1.6 1.7 1.2
Av(b) 1.05 0.7 0.8 0.4

Overall Av 0.75 mps 3(b)

Second series - stacks moved to alternate ends




Exit Side
Stack 2

1.4

end
space

-Doo(

Exit Side
Stack 1

2.4
end
space

-I>ocf

o

(34

avi{a)

0.3

0.3

0.35
0:35
0.3

0.35
0.35
0.35
0.35
0.45
0.45
0.75
0.75

1.7
end
space

Overall Av 0.4 mps 4{a)

1 2 3 4
Stack | -4 - - -
0.6 - . .4
0.5 0.3 0.4
0.6 0.3 0.5 -
0.6 0.3 .4 -
.5 .4 . -
0.7 . .4 -
.9 . 0.3 -
1.0 0.3 .1 -
1.0 0.3 - 0.2
0.9 -3 0.3 0.3
0.9 .3 -3 0.3
1. .4 .4 0.4
1.4 0.6 0.5 0.5
Bearers| 2.0 1.1 0.9 0.5
Av(b) 0.9 0.3 0.3 0.2
Above | 0.3 0.5 - -
0.3 0.1 - -
0.1 - 0.3 0.3
0.2 0.3 - 0.5
0.4 - 0.9 0.9
0.5 0.3 1.0 1.5
1.2 . 1.0 1.4
1.4 . 1.6 1.1
1.9 1.6 1.9 1.7
Bearer 1.6 2.6 2.5 2.8
Av(b) 0.75 0.5 0.85 0.9

avia)

0.1
0.2
0.25
0.55
0.8
1.1
1.2
1.8

3.0
end
space

Overall Av 0.75 mps 4(b)




1

Stack 1.2

Exit Side 0.8
Stack 1 0.7

| 0.6
; 0.6

ol l® 0.5

3 0.5

Doos

= - 0.9
z 0.8

1 1 | 0.9
1.3
1.2
0.7

Bearer| Spaces Blocked

Av(b) 0.8 0.7 0.8 0.85
Overall Av 0.8 mps 5(a)

s
Exit Side 1.2 0.6 0.5 0.5 0.7
Stack 2 1.1 0.6 0.3 0.7 0.7
2.6 1.0 0.5 0.1 0.7 0.65 3.1
s;gge 1.2 0.7 0.5 0.6 0.75 s;:ge
Toor 1.4 0.6 0.5 0.9 0.85
1.4 0.9 0.8 1.0 1.0
o4 . 0.9 0.9 1.5 1.25
a 1.6 1.6 1.2 2.1 1.6
o 1.8 1.2 1.3 1.5 1.45
2 1.7 0.7 1.2 1.7 1.3
) 1.8 1.3. 1.3 2.1 1.6
2.0 1.8 1.3 1.8 1.7
Bearersl 1.7 2.4 2.3 1.9
Av(b) 1.5 0.95 0.85 1.25

Overall Av 1.1 mps 5(b)

Third ser - end baffle in place. End spaces now about
20 cm (10") wide




Above | o.s 0.5 0.6 . 1.1 | Aavia)
Exit Side 0.6 0.6 0.7 0.9 0.7
Stack 2 0.8 6.7 e.8 0.9 0.8
Door 0.7 0.8 0.8 0.9 c.8
14 0.8 0.8 .9 0.9 0.85
o |® 0.6 0.7 0.9 0.8 0.75
3 0.6 0.8 0.5 1.0 0.75
] z 1.0 0.9 1.0 1.3 1.05
1.4 1.2 0.9 0.8 1.1
! 1.2 1.2 0.7 1.4 1.1
1.2 1.3 0.8 1.3 1.15
Bearer| Spaces Blocked
S—
Av(b) 0.9 1.0 0.8 1.0

Overall Av 0.9 mps 6(a)

]
!

Abovel 1.2 1.3 1.2 1.3 Av(a)
Exit Side 0.9 1.0 0.7 0.7 0.8
Stack 1 1.3 c.9 0.7 .7 0.9
Deor 1.0 0.8 1.0 .8 0.9 2.8
" 1.4 0.8 1.0 .6 .95 end
ol |@ 1.4 0.9 1.0 1.0 1.1 space
] 3 - 1.7 1.0 1.0 0.9 1.5
1.5 1.0 1.2 1.1 1.2
2. 0. 1.2 1.0 1.25
1 1. 1.0 0.9 1.2 1.2
1.7 1. 0.8 1.2 1.2
1. 1.3 1.0 1.4 1.4
1.7 1.5 1.0 1.3 1.4
Beatersl 1.8 1.2 1.8 2.2
Av(b) 1.5 1.0 - 0.95 1.0

Overall Av 1.1 mps 6(b)
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3.1.8 Kiln operatiocn 2and wonitoring amoisture conten. 1S Jone using
sophisticated electronic equipsent which, 1n the circuxzstances, 1s
considered both inappropriate and inadeguate.

It is inappropriate because in any 1solated sitvation <uch as Bhutan,
it is difficult to get replaceaent parts readily ard it is also cifficult te
obtain the services of experienced electronics experts who can diagnose
tauits and rectify thes. It is inadequate because kilas 1 and = are fitted
with three pairs of wmoisture content resistance probes 2nd «:lns 3 and 4
have two. Practice hac been to have two pairs of preobes ir tkc stacks and
one pair in each of the remaining six stacks. These probes are driven into
any board of any species on the outside of the stacks, ang the znformztion
obtained is used in the process of deciding hoew well & whoie stack is
drying, and when the stack is finally dried. JInfcr=acica ca %= ZM{ af the
kiln atmosphere may also be used in the gecicion but 25 with the mocisture
content probes, it is not always reliable.

h systes using samsple boards based¢ on over ¢ry weight acizture contant
deterainaticn has now been intrcgused. This =sysizz ic bein =izpiz ang
instructive and 1t addresses the groblea at the species levei it 1t more
time consuming than the eieciremic methcc, but it inveilves ihz kile
cperator at a2 msore bacic leve} and provides Doth operator z-3¢ nan2gement

wi1th information thzt czn be usefully assecscesd.

Figure 3 1ilustrates the cteps invclved in preparing anc vsing sample

Four sample boards are being used per siack. ®her: =mixes zpegisc are
being dried, the four are chocen fror different cpeciecs 218 thev zre placed
within the outside row of boares, on tae sige c¢f zne stacy in --2 canier of

the kiln (see figure 4).

The control panel of each kiln 1 fitted wiir 2 rcii chars -ezarager ac
meriioned earlier out there are nec charts in stock and the vaive of keepirg
such records i< questioned. Currently the nign: tice op2-::2r re:srde
temperature, EMC 2and moisture content at feur hourly intervaicz A check cof
these recorcs i< concsidered adeguate for pickinrg ur any faults.
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Fig. 3. The preparation of sample boards.

Fig. 4.
Showing the [
location of n

sampie boards
on the insigde
of stacks.

(plan view) ]




3.2 Suamary cf liaitations and recommended actiun

(a) Lift truck length of om (anc log length of z.7 e) mezns that
the kiln canne: be stacked to ite full length of 7.2 = anc kiln
capacity is reduced accordingly. Kiln capacity of each kiln is
approximately 40 a3 (1400 cft) for 2 as thick timber ar:z 54 e3
11900 cft) for 57 am thick. It is wunderstood the kiln: were
installed in the belief that kiln capacity would be 70z3 ez:n. In
view of this reduced capacity, kiln through-put aust be increased
by air drying prior to kiln drying (see sectio: 5.0) and by drying
only the less dense species which are easier to dry.

o

b} Individual stack size ic quite large {4 ma h:igh) anc stac
construction 1c gifficuit and laber intencive. This s:izust:e:
could be improved by inctailing 2 hydravlic 1:ft platfors fcr use
in stack construction. A small feasibility study is recoasended.

bl

(c) High temperature (E0o) and righ humicity {93-1853%: a-g
reguire¢ for post-seassning stress relief. W:th the wazer scray
systee for increasing hum:dity, it ic not pazsible to -ozz:- a3
high endug: tespsrature and a3 hign husidity at thes sase tire. H

b4
1s recommended the water spray be wsodified and connected to the
steas supply.

"l
™
Q.
1]
[

{d) The fans 3re sarel,;, largs exougn t5

Giv 3Te 217 Tisw
through the s.icks, and with tne stack length of 6 m in 2 kiln 7.5
s lonc, sost f the air flow w:ll py-pace the st cks if tr=z iz-3e
air gap 1is not paffied off. Top priority sust be given to
constructing plywood baffles in all kilns, to close off the s2p 2t
the end of tre stacks. In adcitior 2ll stacke should ve zo:ic iz

their ful: height. I they zre nct, 2 teampcra-y baffls srz.lz
ucsed te block oFfF tne spare 2t the te:o.

(3]

{e) The electronic <ystem supplied for deterzining the enz point
of drying iz ne:rther adequate nor reliabie. The system of sample
boards based on the oven dry weight determination cf asis:ure
content, which was introduced during the corsultancy is strongly
recoamended.

4. Stacking

There 2:e three significant factors in obtzining good ceacsned quality
and good seasoned recovery.

(a) Good stacking practice,
(b) The correct kiln schedule,
(c) Good and well maintained kilns and equipment.
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Good stacking prevents warp and other aistorticn, wheregas paecr siacking
with overhanging and vunsupported ends encourages drying degrade. As
aenticned earlier {3.1.2), the large kiln <ie reguires very largs stacks
which are difficult to concstruct. Despite this the stacking at GWMC :c

quite reasonanle and improvements have besrn e2g2 o standardize the cistzrce
between sticks and tc make all stacks, box ended at both ends. #s time goes
on, the short length sticks, xhich are currently used in tarncee, should be
replaced by single sticks the full xidth of the stack, plus zpproxieacely 33
as at either side, i.e. totai stick lesngth 2.2 & for a 2.1 & ulds stack.

The stack length of 6 ® is gqu:ite suitable for the short 1loags geaerally
procecsed by tre sawmiil. However, <:the conifer logcs are ofter icnger i:-
length and consideration could be given to making separate stazk 3.¢ o long,

wiren conifers are processed.

S. fropgesg air ¢rying

In most timber seacsoning operziiors the weu2l draciise i T2 2:r @ry
prior to kiln dryins. Thie iz not <Cone 2t Gecu becziese thers are nst
enough sets of stack foundations {razps) avallaole ang ine-e 1T 2 Firgiift
2t the sawmiil large enough to carry the very la-ge st:zcks. £ico, th2
decand for season2d tigzsr s sc high thar s€cagt®: are ususllv rUs oLatt o tne
kiin as soon 23S the timber arrives fros the gi1lil 2-¢ the stacks zre C1ie.

Wnen <awnill srcouvsizsn i i1ngrs2seg, g% LntEnced Ty SEnEjETEni, ire
%iln cagacity wWil. nat be sufficiert to meet rezuirerenate. It :c groposes
that a combinaticn ¢f ai1r drying fc iowed by wilm gry:rng, w2uid nel:
overcome this probies ars Flg. S ie a pian of the kilns and te fou-r
existing stezckirng ramps with 2n z2o2:1isnai  cevsn raes: TS0 217 3TVING.

te szcs1iiy e zerviced Sy the exisii=g [:°t

These addltiona: ramps Scuis  GuUl
truck and trancfer systenm.
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Fig. 5: Plan of GWMC seasoning kilnc (with end pafflec installec) showing
four existing stacking rampe and ceven additional ramps and rzsfing,
for air ceaconing.




2

-

6

In 2 srack of eixed nardwood, 2llowed to aiv cry
ncisture ccntent of sample beares fell frem an aver2ge initial
te 53.5%. Ahasittedly, the weather 2t the time was eepeflallv
but ever under wet, humid conditions, air drying i1s sti!l
resoving the early acisture (free moisture) froa tiaber, th
the kilrn residence tize. Covered air drying :c sirongly reace
extension to the roofed area is alsc shown in Fig. 5.

It is estimateg that for 32 mae timber, twc weeks of air
6% average, be able to reduce kiln time to around 10 to 14
time is about 20 days kiln dryirg from green.

Provicion of these 2dditional ramps wculd also pereit
cperation. For example, difficult spezles wnich ¢sllagzss,

L 4

v

dried for longer periods dcwr to about 30% eoistu-e conten

kiln dried. Improved guality should result. Rlso the extr
allow kiln prioritiec to be altered, shouls urgent c'd=r= fcr

size Or cpeclies group arise.

fin
] ef3
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-

- N
I

wl

®
[ I L B L]

N+

T om

Iy
O
LR 1

It is recommended that construction of the seven additional ramps be
given top priority.

e. ¥iln cscnadule deveiogzant

The main objective in seascrning it t3 dry the tosber :n 33 z-:-7 = tims
2s possible with a minizus of degrade. “Scheduies” zre ucu2lly cs.:zlzped 1o
do this, fcr various s gzies 223 for warious thicknesses, dsgenci-z - -k
difficult the <spaecies ic t¢ <ry. At GWNMC, with 21} speciez 7ixed ir
tegether, it ic only pcsazble to aoaply 2 fairly =:id ecneduls

About 30 sceciec of hardwdoC iogs are reprecsentes ip tre Ge:x. logyz-é
in significant nuamders. Loge of o"her specigs g2y alss b2 Sreczsnt -7 L1ES
t2 time. With the excepition of walnut and the conifers, ncne of trz ciners
3re sorsed They 2ares c3%» tcgsthsr, 23 they come, ang the sezso-i-; z127ke
are made up 2cco-Cingly.

It i ctrongly sugjested that creciec be 3ileocated to 2 gzazz-.~3 3rous
according to their ceacsoning perfcrmance 2and that these groups ze :orted :n
the logyard <o they can be <a2wn and <c=asoned <ceparately. Thrz2 3roupe
cshouzld be adequate ang the 1:initial bacsis for grouping shculd b2 cdencity
classes

The key to all of this, however, it cpeciec identifizat:zn 2nc at
present no attempt is being made to identify any species, in eit=~sr 1te lcg
form or ac cawn timber. Expertice in idenrtification 2ppears tc -z iinited
to just a few neople, and it is recommended that thic be f2sterec ir many

more of the stat” in the logyarc¢, the sawnmill and the seazoni

-
it

g #xilns,
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tzrt hzs been made now to deveicp species 1rforeat:3. sroe tne

toards szlecred for sample boards. t present, the variouc 5oards chosen

are ornly bsing g9iven 3 nurber and a locai naee, irn the hope tna® :n tn2 near

. future an expert in :1dentif:ication ulxl be able to confirm their 1dentity.
The information being cobtained is:

Green density, Basic Density, Air Dry Density

Shrinkage from green to 12%

Moisture mester corrections

Seasoning characteristics

It ic proposed that 129z be sorted, szwn anc ssa2soned 2 peEr s =hrss
groups listed in Table 1. 7Tnis greouping ic based on i:aited air dry density
inforaation. The appropriate kilr sezsoning 3chegules fer ezch griup are
gl=c listed 1n Tabie I. Thecz three groups should e 2¢ded to and amsndes,
decenzing on the inforsation obtzined froam <camcls toards whilcs Rave pes-

through the <cea2séning process. For exampie, 1f Scredule I 1c foung to 2=
o0 severe for & certa:in species in Group I, the l:ic: ehsuic pe 2ms=gsc o
include that species in Group II.

fs stresseo in sectiorn 2, it i€ sironglv rErsmmenczes LoEc csotEit
speciec 2n2 certzin logs which are Gifficult to dcry. snould ne oiferes z¢
auction ratner than peing szun.

Euk (Dak} is 2 very fficul: szpeciaz t: v 3-2 I-erz z-g sthe-s Tui-
2t Katus (chestnut) which cslliapze and develop internzi checring. i¢ treze
species are <cawn, they e<aczle be saws tc e f-igEsr tnan IZ e- zoETos
fecauce ocardzs presant less ¢robleas iIn orving the» frazing sizes

in 23dé1tion, many of tns ~ain fores: icqge fz.e ;.:tz 2z:z f2-7 fzsyers
tands; anc tension wesd 13 alway:s 2ssoc:2ted with tniz peor fors Tencicn
wood hzz z2onormal longiiudinal esnrinkage wnichk resullz 1n ow znd Taring.
¥1ile the cemand from Indiz for icgs of any cezsristicn remaine nigh, itners
e ne point in sItemsiing to Saw 2anc ss2Icn tne Ci¥fisylt ezscise azrg otz
gifficultl logs at GwMC.

Table I: Specie: groups for ceasening purposec at  GH“D, baseg cr z1- &=+
dencsity wnere available,

Group 1 - up to 500 kgs/m3

Local name Botanicz2l nzme
Arupatey Prunus nepaliensis
Aldev (titich) Alnus nepaliensic
kani Champ Michelia champaca
Spruce Picea spinelosa
Blue pine Pinus wallichiana

Badraci Eleocarpus varuna




Group Il - SC0 to ¢0C kg/mi

Saur (Birchj
Kwala

¥apasi {(Maple)

Pipli
Toon

Gkhar (Wainut)
Leck chilaune

farsing
Bnhale sissi
Pahale
Lalchandan
Kholme
Gobray

Group III - greater than £50 kg/amd

Betula alnoides

Machilus gammiena

Acer caspbelli
Bucklandia populnea
Cedrella spp.

Juglans regia

Nyssa javanica
Beilschmeidia sikimensis
Neolitsea foliosa

Litsea spp.
Daphiniphylum himalayane
Syaplocos soicafa
Echinocarpus decicarpus

nsis

Buk {0sk} Quercus lamellosa
Kharane (Ach) Symplocos theifolia
Tita Champ Michelia cathcarti
Aul chilaune Schima w2llichii
Katusg Castanopsis hystrix
Pothi sisst Cuinnamomus impresnervue
3nolay cutli Acer oblongus
Fazfal Hachijus edulis
SCHEDULES FOR GROUP I SPECIFES
Air dry density up to 500kg/m!
Up to 35mm thick Grealer than 35mm
.C. Change Dry Bulb| E.M.C. | Wet B.D.*{ Dry Bulb| E.M.C. | wet.B.D.
Points % i of % o °c % C
Green 55 13.0 55 14.0 i 4
60 55 10.0 8 55 13.0 5
40 60 d.5 10 00 10.0 8
35 60 6.5 15 60 10.0 8
30 65 5.0 20 65 8.5 10
25 65 5.0 20 65 6.5 15
20 70 5.0 20 70 5.0 20
15 70 5.0 20 70 5.0 20

For Group 1 species a high humidity (steaming) trcatment is
recommended at the end of drying. This can be achieved by
installing & live steam spray, lo get 80°C and 18% E:H.C. for
3 hours for up to 35 mm thickness and 4 hours [or thickness
greater than 35 mm.

* Wet Bulb Depression




Air dry density 500 to 650 kg/mm?

SCHEDULES FCR GROUP

11 SPECIES

Up to 35mm thick Greater than 35Smm
.C. Change Dry Bulb E.M.C. Wet B.D. Dry Bulb E.N.C. Wet B.D.
Poincs % L £ *C *C 2 *C
lGreen 50 14.0 4 45 16.0 3
60 50 13.0 S 50 14.0 4
40 55 11.0 7 50 13.0 6
35 55 10.0 8 55 10.0 8
30 60 8.5 10 55 8.5 10
25 60 6.5 15 60 7.5 12
20 70 5.0 20 Sl 65 6.5 15
15 70 5.0 20 i 70 5.0 20
1

A high humidity treatment is recommended [or Group Il species as
per that for Group I species.

SCHEDULES FOR GROUP 111 SPECIES

Air dry densitly greater than 650kg /m3
and for any cther specics prove to

collapse. Same schedule for all sizes
’*r

M.C. Change Dry Bulb E.M.C. Wet B.D.
Points § °C $C
Green 45 16.0 3

60 45 16.0 3

40 50 14.0 4

35 50 12.0 6

30 55 10.0 8

25 59 8.5 10

20 65 6.5 15

15 70 5.0 20
Note: For these species air drying down to about 35% is

recommended before kilp drying. A reconditioning
treatment is also recommended at 202 M/C. This is
similar to a high humidity t-eatment. Temperature
should be 90°C with maximum E.K.C. attainable for
4 hours.

For all species,

Schedule changes

should be made when sampic board with the highest

M.C. has reached the M.C. changc points.

When a stack has

been air drying, the kiln should be set for the

conditions applying to the previous change poirnt, e¢g. if a stack
fe mir Aried tn 358 M.C., apply the kiln conditions listed for
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7. Quality assurance

There is a definite distinction between quality control and quality
assurance.

Quality control extends to the end of kiln drying. It rests with the
kiln operator and consists of decisions being made by his to control the
drying of a kiln charge, based on information received froa sample boards,
about the progress of drying of that charge.

Quality assurance is a formal feed-back systeas mhere infcreation about
the final weoisture content of a charge is pressnted to the kiln operator
after the stack has been broken doun.

He can then check this information against his informsation for the
particular charge and adjust the drying times or conditions for subsequent
charges accordingly.

A quality assurance system was instituted for GWHNC as part of the
consultancy. It consists of taking moisture meter readings on a2 sample of
about 30 boards per stack as the stacks are broker dourn. Hoisture neters
have limited accuracy, but they are useful for providing am indication o’
dried quality, i.e. the average moisture conient and the range.

A moisture meter with long n2ils and a sliding haamer electrocdes should

be used so the nzils reach to the center of the boa;g. aeple selection
should be 2s per the forasat developed, i.e. about every third board, in
every tenth layer. The readings should be entered to indicate the

approximate position of the samples in the stack. Stack details such as
stack number, seasoning group and thickness should also be recordec.
Allowance should be made oin each record for the production supervisor and
the kiln superviscr to sign, indicating that they have sighted the recsults.
In ad¢ition to this, the foreman in charge of the blockboard cection and the
joinery manager should alse be encouraged to offer feed-back on seasoned
quality.

8. Training

A timber seasoning course as detailed in Annex I was held over four
days for seven participants. Each received a comsplete copy of the course
notes. Attendance was good and feedback during the course was most
encouraging. Participants were the Production Manager, two from the kilns,
two from the sawsmill, the Joinery Manager and the Assistant Logging Manager.
As discussed in Section 2, timber seasoning cannot be considered in
isolation. It is processing in joinery or blockboard sanufacture. It aust
be considered as an integral part in the whole organization and it was
pleasing that the managesent level from these other sections was well
represented.
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Extensive on-the-job training was given to the kiln supervisor and his
assistant. This involved stack construction, sample board preparation,
seasureaent techniques, kiln testing, recerd keeping and the interpretation
of results.

It is recoamended that the kiln supervisor undertake further training
overseas, and arrangesents will be pursued for him to be attached to the
Division of Technical Services of the Departaent of Forestry, Queensland,
Australia. The Division has a comprehansive seasoning ress=arch section and
a period of three weeks working with the research staff would be an
invaluable experience.

9. Forest Products Research

It is considered that the Departaent of Forests has a responsibility to
ensure that ferest products research is teing addressed in the same w2y that
forest research 1is, and it is strongly recossended that ar appointment in
forest products research be wmade in the Departaent of Forests 2a< soon as
possible. The initial role of the appointee shculd be to extract all
species information relevant to B8hutan, from the Dehra Dun information.
This could then be confirmed, and the miscing information provides by local
research. Although the appointee should be fros the Departsent of Forests,
he should be based at Gedu with 2n office at GEMC, where bacsic laboratory
and sample preparation facilities are available. 6WNC is the largest wood
processing plant in Bhutan and the wice rarnge of teamperate rain forecst
species being logged makes it extremely difficult to attain high product
standards. Expanding the expertise in <cpeciec recognition, backed up by
basic wood property information would certainly lead to amore efficient
utilization of the various species, to isproved product quality, and to
higher profits. Thic proposal was discussed with the Officer in Charge of
Forest Research at Tava, Thimphu and will be further considered und=r Part B
of this report.

10. Recommendations and action proposed for timber seasoning, GWAC

Section Recosmendation Action Officer

2 Difficult species, bendy and misshapen Policy: General Kanager
logs be sold instead of being processed Action: Logging Manager

2.3 Debark logs prior to sawing Sawaill Hanager

2.3 Obtzin consultancy for expert . General Manager
Sawdoctor UNDP

2.4 Feasibility study to rationalize Production Hanager

seasoned requireaents for blockboard
and joinery (sizes and moisture content)

3.1.2 Feasibility study for hydraulic 1lift Production Manager
platform for stack construction Plant Engineer




J.1.3

3.1.6

3.1.17

3.1.7

3.1.8

10
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Connect steaa to the water spray

Obtain a thermocouple temperature
indicator

Construct plywood baffles in all kilns

Adopt four-hourly intervals for
fan reversal

Adopt sample board system of moisture
content monitoring

Replace short length sticks with
single length sticks

Construct air drying raeps

Sort logs into seasoning groups
Develop and ieplement a reguiar
Inspection/Maintenance schedule
Replace fan sotors in kilas 3 and 4

Calibrate and repair all electronic
equipaent

Undertake Quality Acssurance testing
for attention Production Manager
and Kiln Supervisor

Organize overseas training for kiln
Supervisor

Obtain forest products research
technician for GWNMC

Plant Engineer

Production Nanager

Kiln Supervisor

Kiln Supervisor

Kiln Supervicor

Kila Supervisor

> -

Policy: Generai Manager,
Action: Producticn
Nanager

Logging Manager

Prcduction Manager
Plant Engineer,
Supervisor

Kiln

Plant Engineer

Piant Ernginesr

ficsictant Kiin Supervicor

Consultant, Gereral
Manager

General Manager
Director of Forests, 0/C
Forest Research
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Part B - Aspects of tisber research and cevelopment in Bhutan

1. Introduction

An analysis of the situation at Gedu reveals that for tne foreseseable
future the sawaill'ng and seasoning facilities at GWMC will be almost
totally occupied in aeeting the Corporation’s oun requiresents for
blockboard, joinery and prefabricated dbuildings. There will be little
excess capacity to provide seasoned timber for the general sarket or to
undertake custom seasoning.

In Bhutan at presesnt there is a limited appreciaticn of the
desirability for using seasoned timber. An understanding of shrinkage and
what happens when timber dries ic essential teo ieproving both initial and
long ters performance of tisber products, particularly as sore sachines are
used in construction, and the factory fabricacion of tieber articles 2nd
components continues to grom. Not all timber needs t. be seasoned, but,
where it is required, it is important that cert2in requirssenic are get.

Two quite separate areas of building can be defined:

Tradition housing, where in m2ny respects the builders eznage
to accossodate the action of shrinkage by allowing for it in their
design.

Institutional buildings (hotels, governmen* sifices, schcolc
and public brvildings), which 2re usually built to a time t=chedule
by contractors, where joinery itess can be factory precucts off-
site, and where there is no tise to adequately ceason timber for
flooring and panelling, etc. on site. prier tec uce.

The design and construction of traditional housing has reached 2 high
level of sophistication and skill, and the incentives offerec by governaent
tc ensure that this continues are to be cosmended. A greater awarenecs of
the use of seasoned timber, the use of preservative treated tisber., 2nd of
the basics of wood technology would be of <ome benefit in tradition
building. In institutional building, it is escential.

These aspects were pursued in the lisited time available and reports
and recommendations are made in the following sections.

2, Yieber seasoning teaching aids

As sentioned under training, Part A, Section 9, a comprehencive timber
seasoning course was run at GWNC for seven of the managesent and supervisory
staff.

The course content, detailed in Annex I, covered aspecte of timber
seasoning such as wood/water relationships, air seasoning, stacking, drying
stresses, etc., which are all necessary to an understanding of kiln drying.
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Each participant received a2 copy of the course notes. A further copy
of the notes, together with all the overhead »rojector transpareancies, was
left with the Principal of the Royal Technical Institute at Kharbandi
(RTIK).

This institute runs a buvilding and construction course which includes
carpentry and joinery (C&J) and discussions were held with the Principal and
the C&¢J staff, with the vienw to introducing additional relevant 1aforsation
on timber and its properties.

The CtJ <taff sembers were invited to attend the seasoning course at
Gedu, but unfortunately their teaching coasitsents prevented this.

2.1 Pilot scale solar timber kiln for RYIK

The Principal expressed interest in building a <sm2l}l solar tiaber
drying kiln at the Institute so that timber for their oun requiresents could
be seasoned. Details cn solar kiln design were left with his. The sroposal
1s strongly supported as it would also serve as a valuable teaching 2id to
introduce some of the basics cf wood technology.

2.2 Carpentry wmorkshop equipment, RTIK

While at the Incstitute it wa2c noted that the equipment avaiizble ir the
carpentry workshop it guite ol and extresely limited. It ic recoasended
that the possibility of new equipment be:ng provided under an aid preject be
investigated.

The education <cystes can play a large par: in developing an zwzreness
of the technical properties of timber. It 1c desirable that this be
introduced at the upper primary level or thereabouts. However, at thic
stage, ac a2 start to isproving the efficiency of the wood using sector, it
is most decirable that relevant informaticn on tiaber and itc propert:ec be
given to the building and construction students at RTIK. Provision of a
ssall solar kiln and new workshop equipment would help to 1ift the
effectiveness of this important area.

3. The potentizl for using seasoned timber in Bhutan

As discussed in the introduction to Part B8, it ie in the construction
of institutional type buildings that the use of seasoned timber hac its
greatest potential.

A shor! course-cum-discussion was organized for architects and
draughtsaen fros the following specifying/building orgarizations:

Public Works Department (PWD)
South Asian Association for Regional Cooperation (SAARC)
Departaent of Education.
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Unfortunately only the Education Departaent sas represented by seven
attenders and there was also an architect fros the private sector.

The discussion was structured around ‘Timber specifiers’ Notes’,
prepared by the Department of Forestry, Queensland. Contents are detailed
in Appendix I1. Easphasis was placed on taking care to detersine what is
required of tiaber building saterials, taking care to specify correctly and
precisely and taking care to check that the saterial received seets the
specifications in termss of species, durability, moisture content and grade.

At present there are no standerd tisber grading rules in Bhutan but
this is of no great consequence. Relevant rules from 1India could be used,
or it may be sufficient not to use standard rules but sisply to adopt
certain specifications which limit the size of krots, the size of gus veins,
etc.

Seasoned tisber 1is not readily available from any sawmill excep: for
Gedu but this is largely because there has been no demand for it. Seasoned
tisber can be provided, if it is clearly specified and ordered ac such, even
if it is air dried. It will not be wuntil the demand grows that suppliers
can be expected to install timber seasoning kilns.

A sm2)l]l dehumidifier kiln has been installed in Thisphu by SAARC to
season the tisber being used for joinery and panelling in the new Zonference
Center. This kiln i< also available to do custom seasoning but it will not
get much use until specifiers order seaconed timber.

The potential is there to isprove the standard of building anc¢ of
furniture, etc. by using <seasoned timber as apzropriate. It is considered
that those designing public buildings for the Government should take the
lead in specifying seasoned timber for particular uses.

4. Solar kiln for the Public Works Departsent (PWD)
bridge project at Gaylegphug

Although arrangeaents had been made to visit the wooden bridge project
at Gaylegphug, the trip was not made because the project carpenter wac not
on site. In addition reports were received that PHD were not ready at the
tise to develop the project any further.

S. Solar kiln for Bhutan Logqing Corporation (BLC) at Ramtokta

The BLC log depot at Ramtokta was inspected with the view to installing
2 desonstrations solar kiln in site. The site would be satisfactory,
however BLC is reviewing its operation. At present BLC provides logs to
privately owned sawmills who, for a fee, convert thes to sawn tisber and
then they (BLC) arrange for the sale of the sawn timber. This is 1likely to
change, whereby the sawsills will purchase the logs fros BLC #.9 will then
sell the sawn tisber to consumers.
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Most of the country mills are expected to be selling their samn product
in the green condition to India. The mill at Ramtokta is a country mill and
therefore would not be manting to sell seasoned timber.

As mentioned, there is a dehusidifier kiln run in Thimphu by SAARC, and
it 1s understood that this unit 1is being given to the Forest Departaent
{(BLC) to operate when the Conference Center Project has been completed. At
this stage, while the desand for seasoned tisber is just developing, it is
considered the dehumidifier kiln should be operated instead of installing a
solar kiln. Electricity is quite inexpensive in Bhutan, at Ng. 0.4 per kikh,
shich makes operating a dehumidifier such more reasonable than it would be
in other countries.

It is recommended the local specifiers and sausillers be encouraged to
use the dehumidifier kiln now, and the proposal to instal a solar kiln be
reviewed once asarket acceptance of seasoned timber has been cdeveloped.
Copies of a paper by D. Geugh ‘Timber seasoning in a solar kiln' (see annex
111 for abstract) were left with 8LC and also with RTIK.

6. Sawmill recovery studiecs for BLC

Information was forwarded to BLC on the methodology fcr undertaking
sausill recovery studies. The information is in the form of @ field report
by Gough, Williams, Sydney Chan and Chan Hing Hon, 1982, ‘Procedure and
comptter tabulation for graded recovery studies of sawn tisber’ {cee anaex
IV for abstract).

fs BLC 1is responsible for selling logs, it is important that they are
able to determine the true value of variovs log size and quality classes,
based on the value of the tisber cobtairable froe those logs.

The above filed report establishes the principles invcived in sawaill
recovery studies. It setcs procedures which allow studiec done 3zt gifferent
times to be readily compared, one with the other. Computers are not
essential for data analysis, but they certainly help. The com;uter
programme listed in this report is perhaps not 2s elegant as it couil be and
there are programse packages available which rcould no doubt be eacsily
adapted for wuse; nonetheless it does work and could be uced either for
separate logs/steas or for batches of logs sorted,for example into cdiaeeter
classes.

7. liaber preservation

7.1 Roofing shingle project - Punakha

A project involving the creosote treatment of softwood roofing shingles
for a2 major renovation of the Punakha Dzong was inspected at the request of
the District Forester, Thimphu.
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This was a hot and cold treatment in 50/50 creosote and 0il. The
shingles were held in a tank maintained at about 80oC for one hour and were
then transferred to a tank of celd creosote and oil. Penetration, even in
the sapwood, was minimal and it is considered that imsersion for 2 (o3
hours, at about 900-1000C would give a better result. The treated shingles
are being stored for one to tuo years before they will be uced. This should
reduce any risk of contamination to rain water run-off from the roof.

The treatment would be expected to extend the life of the shingles by
reducing physical weathering and by preventing decay in the penetrated
tiabers. It is recomsended that a foam-type fire extinguisher be kept on
hand at the treatment site and that the storage of treated and untreated
tisber be in separate sheds from the treatsent tanks, in case a fire occurs.

7.2 Poles for power and telephone traasmission

In general, only the sapwood of any species can be successfully treated
with preservatives. Sose penetration can be achieved in the heartwood of
some species but this is usually low level and quite variable.

Fortunately, the conifers of pole size have relatively wide sapwond and
can be most successfully treated for power and telephone transmicsion poles.
It is recomsended that this aspect be further exzsined 25 a e22ns of
providing an alternative to the isported steel poles currently in use. It
could also develop into an exportable product.

7.3 Lyctus immunization

A low level of treatment is desirable to imsunize the capwcod of
certain hardwoods against the Lvctus borer. Lyctus attack has been observed
at Gedvy and it hac been reported in some of the plywood and blockboard
cosing from Gedu. The extent of the problem is not known ans research werk
is required to determine which species have Lyctus susceptibie sapwood.

7.4 CCA treatment at GWMC

There is a large Vacuum Pressure Ispregnation plant for CCA treateent
at Gedu, but tc date this plant has not been used. Many of the rain forest
species processed by GWNC have wide sapwood and would accept treatsent quite
readily. However, a large amount of research is required to develop 2n
effective treatment programae.

A medium level of treatment is desirable to treat the sapwood of all
timber used in above ground situations, exposed to the weather. Higher
levels are required when the timber is used in the ground, to give
protection against decay. In addition, species with low natural durability
should not be used in the ground because their heartwood cannot be treated
and will still be subject to decay.

Course notes for a Timber Preservation Operators course, presented by
the Queensland Timber Industry Training Council were left with the
Production Manager at GWMC. The need to use this plant should be reviewed.




7.5 Teraites

Terasites present a difficult problem because they will still destroy
the untreated  heartwood in a building. Tiaber houses, including
prefabricated buildings, located in termite prone areas are best protected
by treating the soil around all foundations with an organochlorine or
organophosphorus insecticide, by placing ‘ant caps’ under the sain bearers,
and by undertaking annual inspections for tersite tunnels leading into the
building. Information is derived fros Australian Standard Code for
Practice, AS 2057-1986, giving recoamended practice for installing
effective chemically treated soil barriers and listing recoamended chemicals
and their concentrations is given in Appendix V.

8. Recommendations and conclusions for part B

- A greater emphasic on basic wood technology and the use of
seasoned timber and preservative treated tisber 1is recoamended to
enhance the building and construction course at RTIK. This is
essential to improve the long term use of tiaber in Bhutan.

- A pilot scale solar timber kiln should be installed at RTIK.

- New equipment and machines are recommended for the carpentry
workshep at RTIK.

- The construction of institutional buildings (public
buildings, schools, etc.) cshould be targeted initially for the use
of seaconed timber. Architects and builders sust be encouraged to
specify accordingly.

- The proposal for a solar kiln installation at Gaylegphug
cshould be held in abeyance.

- Due to operational changes in BLC the depot at Ramtokta is
not considered suitable for a solar kiln installation.

- Encouragement should be given to using the SAARC dehumidifier
kiln in Thimphu for custos seasoning and the propocal for a solar
kiln should be reviewed when market acceptance for seasoned timber
has been developed.

- The principles and procedures documented in the paper given
to BLC (Annex 1IV) are recomsended for sawn timber recovery
studies.

- A creosote/oil temperature of 90-1000C with immersion for two
to three hours would improve preservative penetration in the
traatment of roofing shingles,
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- A foam type fire extinguisher should be on hand when the hot
and cold process for creosote treatment is being used to treat
roofing shingles, and the treatment and storage areas should be
kept separate.

- Priority should be given to CCA treatment of <oftwood
transmission poles.

- Priority should be given to identifying species which have
Lyctus susceptible sapwood.

- Soil poisoning and the use of ant caps is recommended to
prevent teraite attack in problea areas.

Further consideration of the various aspects discussed in Part B
reinforces the recoamendation in item 10, part A, which is for Forest
Products Research to be addressed by the Forests Department in the same may
that Forest research is being addressed.

The first priority is for an officer to be stationed at Gedu, but this
should be placed in the overall context of a fores! product research and

extension function, with headquarters at Tava {or Thirphu). The
dehumidifier kiln and the aobile treatment plant at Thimphu could be used
as the initiation of a research facility. A solar kiln could be azded. In

the long run, it may be a better proposition to locate all of this equipment
at Tava. Consideration should be given to this alternative.

All of this however, required a commitment on the part of the Forestry
Department to provide suitably trained staff, which at precent is quite
difficult, in view of the demands for staff presented by the current FAO
Forest Management Project.

Speciec property evaluation 1is being undertaken at present by Dehra
Dun. This is a fairly long term project and it will be of considerable
help, but at this stage, there is 1little scope for making use of that
information in Bhutan and for raising the standards of timber utilization in
the broad sense.

It is strongly recossended t'.at urgent consideration be given to the
planning of a Forest Products research and extension function in B8hutan and
that staff be selected now for appropriate wood science/wood technology
training.

9. Recosmendation and action proposed uwith respect to aspects of tisber
utilization in Bhutan.

Section Recosmendation Action Dfficer

2 Give more emphasie to basic wood tech- Principal and Head of
nology and use of seasoned and treated Building and Construction
timber in building course at RTIK. RTIK




2.1

2.2

7.1

7.2

7.3

7.4

7.5

Construct pilot scale solar kiln at
RTIK

Obtain new workshop equipsent for
carpentry at RTIK

Specify seasoned timber as appropriate
for institutional buildings

Reassess need for solar kiln at
Gaylegphug

Operate the dehumidifier kiln at
Thimphu and review the need for a
solar kiln as demand for
seasoned timber increases

Publication on sawmill recovery
studies be used for log valuation by
8LC

Shingle treateent be tried at 90-1000C
for two to three hours. Obtain foam
type fire extinguisher and separzte
cstorage from treatment

Examine use of treated pine poles
for telephone and electricity lines

Obtain information on Lyctus suscep-
tibility of hardwood species

Review the need to use CCA treatment
plant at GWMC

Use soil poisoning and ant caps
to ovarcome termite problems

Develop a forest products research
and extension function in Bhutan

Principal and Head of
Building and Construction

Principal, RTIK, UNDP
Architects, engineers
and builders.

PWD, UNIDO

Deputy Director, BLC
UNIDO

Deputy Director BLC

DFO, Thiaphu

Deputy Director, B8LC

Gereral Manager, GWMC
0/C Forest Research

General Manager, GWNMC
0/C Forest Research

Specifiers, PWND
Education Department, etc.

General Manager, GWNC
Director of Forests
0/C Forect Research




2.3
2.4
2.5
2.6
2.7
2.8
2.9

3.

3.1
3.2
3.3
3.4

4,

4.1
4,2
4.3
4.4
4.5

41

ANNEX I
TIMBER SEASONING COURSE

CONTENTS
INTRODUCTION toeeeriversesosasssneesnssososssosssssssnsnncsase 1
STRUCTURE OF TREES AND WOOL ...evveveeccncnnecanns 4
.ROOT SYSTEM ctvvonrensosssserasnccsssssssossasssassanannns 2
TRUNK ottt ecoersncoensnsensassssosnsnssvosnsannossnnnss e 3
CROUN ...vevnvenennes e sseant e rans eeenen -
HARDWOOD AND SOFTWOOD TIMBERS v ovceerievrececssnarvenns 6
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Note: This course was prepared originally for the Timber
Industry Training Council, Queensland, Australia.

Presentation of the course at G.W.M.C. was adapted
for the specific conditions in Bhutan and reference
to chapters 9 and 10 was omitted.
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ANNEX II

The Queensland Department of Forestry

TIMBER
SPECIFIERS NOTES

Cont.uinim_.) information to help Architects, Engincers and  Builders  prepore
specifications which will assist both themselves and limber suppliers Lo errive at
the most effective, most satisfactory and the most ettrective usc of timber.

CONYENTS

Pogue

1.  Wood Structure and Timber Durability 1
1.2 Hardwoud and Softwood Timbers 1
1.3 Botanical Clussificalion 4
1.6 Hesrtwood end Sepwoud 4
1.5 Durability 5
1.6 Pamphlet No. 5 and Technical Pamphlet No. 1 6
1.7 Lendscaping Timbers 7
2. Timber Preservation and Protection 9
2.1 Chemicsls ond Treotment Methods 9
2.2 Timber Ulilisation and Marketing Act (TUNMA) 10
2.3 Specifications for Preservetive Trealed Tinber 11
2.4 TUMA Monitoring System 17
2.5 Prolection Against Subierranean Termilcs 17
2.6 Timber Finishes 21
3.  Moisture Content and Timber Seasoning 24
3.1 Definitions and Terms 28
3.2 Shrinkage 24
3.3 Seasoned Timber Moisture Content 27
3.4 Storage of Timber on Site 20
3.5 Moisture Content Testing 30
3.6 Timber Limits for Action under TUMA 71
4., Gruding end Designing in Timber 32
5.1 Appesrance Gredes 32
4.2 Stress (or Strength) Grades 32
4.3 Branding end/or Certificution of Structurul Timbur 36
4.4 Timber Frumed Houses und Buildings 36

List of Australian Standards Relevant to Timber Specifications 40
5. Summary Checklist . 47
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TIMBER SEASONING IN A SOLAR KILN

BY
D. K. GOUCH

ABSTRACT

A solar kiln of 15 cu m capacity has been built for demonstration and research purposes in
Brisbane, Oucensland. Deiar's of design and consiruciion, capital and operating cosis arc
given together with drying rates for a range of species dried in the solar kiln and for matching
air dricd stacks. On a fine day the maximum temperalure in the kiln is about 18°C to 24°C
above the maximum outside temperature,  The kiln is effective and can dry timber 1o below
equilibrium moisture content in a relatively short time.  The mosi eflactive sysiem ol opecration

is 10 air-chy the timber 10 abou: 20 to 25 per cent moisture content helore moving it into the
kiln.




o
'

ERNE: IV

FAO/UNDP -MAL /78/004 B
field Document No.3

DEVELOPMENT OF SAWMILLING, KILN DRYING AND
PRESERVATION RESEARCH IN SABAH

PROCEDURE AND COMPUTER TABULATION FOR
GRADED RECOVERY STUDIES OF SAWN TIMBER

A Technical Report to
the Government of Halaysia

by
D K Gough Project Team Leader
J St J Williams CUSO Volunteer
Sydney Chan Systems Analyst
Chan Hing Hon Utilization Officer
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FAU. ODevelopment of Sawmilling, Kiln Drying and Preservation

Research in Sabah. Procedure and Computer Tabulation for
Graded Recovery Studies of Sawn Timber by U K Gough,

J St J Williams, Sydney Chan and Chan Hing Hon, Sandakan 1982,
28 p. FAO/UNDP-MAL/78/004. Field Document No.3.

ABSTRACT

This paper was prepared as part of the project staried in 1981 by
the government of Halaysia, the United Nations Deve ‘opment Programme
and the Food and Agriculture Organisation of the United Nations, to
ensure the optimal utilisation of timber and wood products in the State
of Sabah.

A major objective of the project is to provide information on the
various timber properties of the lesser-known sp_cies (those species
not being extracted and used because of lack of information on their
properties).

The paper documents the procedure developed for cdoing recovery
studies on the graded timber sawn from logs of these species. Such
studies provide quantitative information to show whether their
exploitation is an economic proposition or not. Procedures for log
collection and measurement, sawing, grading anc computer tabulation
of the data are given. Examples of the forms used, a summary of the
grading rules used, a listing of the computer programmes and an example
of the computer output are given in the Appendices.

The results from individual studies are not given. There is a
discussion, suggesting how graded recovery information may be used.
The application of this procedure to species grown in plantations and
to currently accepted species for re-valuation purposes, is also
mentioned.
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Chemicals currently rccommended for scil treatment ogoinst subterranean
termites

Any one of the following chemical emulsions is effective when espplied in
accordance with the Australisn Stenderd Codes of Practice AS2057-1986 es

sppropriate.

Chemical Dilution
Orgeanochlorine Insecticides
Aldrin An squeous emulsion containing 5g/L of eldrin
Chlordane An aqueous emulsion containing 10g/L of technical chlordene
Dieldrin An gqueous emulsion containing 5g/L of dieldrin
Heptachior . An agueous emulsion containing 59/L of heptachior
Chlordone/ An aqueous emultion containing 5g/L of technical chlordene
Heptachicr end 2.55/L of heptachlor
Organoghasphorus insecticide
Chlorpyrifos An aquesus emulsion containing 10g/L or 2Jg/L or chlorpyrifos

(see procduct label for detoils).

Prescribed application rates:
. for soii profile - 100L/m3

. for soil surface trestment - 5L/m?

These chemicols ere poisonous. Resd and observe jsbel dircctions ond
safety precautions.






