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INTROCUCTION 

In January 1987, the Royal Governaent of Bhutan reques:ed UNIDC 
assistance in the construction of prefabricatea KOOden housing. Tne 
project foresaK the services of a tiaber engineer as Mell as foreaan 
car~enter to prodPce the prototype houses. Because of probleRs tha; th: 
Gedu Wood nanufacturing Corporation (GWftC) had ir. Mood drying, a six Meek 
aission by a Mood drying consultant Mas also includea. 

nr. n. K. G~ugh, consultant in Mood drying undertook this Eission fro~ 
5 narch to l~ April 1988. 

His teras of reference were: 

Part A - Mith respect to the Gedu ~ooc "ar.utact~rii:g Cc~p~~l:io~. as 
per tne jo~ aescr1ption of 16 Ju!v 19!7: 

1. Assess the state of tne four 70 e3 kilns and all aux:~iary 
equipaent. and, if necessary, ~ake the :equ:~ec aa;ust•e~:s a~j 

calibrations. 

2. Obtain inforEation c~ tr.e species lik;!y :o ~! a~ia~ ~~c 
recoaaend drying schecules. 

3. Train Ia~crers ar.d ki!n cperatcrs c~ :ne ccrre:t s:at~icg 
and c~eration of the kilns. 

'· Conauct a short course fer t~e operators ~~c 'o~ :~e 
tecnr.icians ~n the Gedu complex to cover: 

tasic ~ood anatc£y, 
air h~•idity/aoisture content relations, 
cefects ?f arying (case ~areening, honeyco~o:ng, ctec~s. 
tcarping, etc.), 
kiln drying (what t.a~pens in tne kiln), 
kiln design 

Part 8 - General, as per (a) tne joo description~~ ll J~ly !987, (~) 
discussions in Vienna a~ the tiae of briefing, 7 and 8 narch 1988, anc (c} 
request aade by Forest Depart•ent in Bhutan. 

1. Co1ptl! the teaching aids, 1aterials and ha~~Juts used in t~e 

., 

courses into a '"anual on kiln drying of ti1ber' for future use as 
a textbook and by the staff at Qedu and in technical schools (and 
future Nood processing plants in Bhutan). 

Evaluate the potential 
particular applications in 
specifiers and tiaber users. 

for 
Bhutan 

using seasoned tia~er 

following discussi~ns 

for 
with 



s 

3. Ass~ss tne requireaents for a solar kiln installation at the 
PWD WoodP.n Bridge P~oject at Gaylegphug. 

4. Assess the requireaents for a solar kiln lnstallatio~ a~ t~e 
Raatokta Depot of the Bhutan Logging Corporation. 

4. Give advice to tne Bhutan Logging Corporation en the 
proc~du~es for undertaking sawaill recovery stujies. 

6. Inspect and give advice on the roofing shinglE tre~t=e~: 
~reject, operated by the Forest Departeent at P~na~ha. 
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Part A - Ge~u WoQa Hanufacturinq Corporation 

1. Introduction 

The sa••ill at Gedu Nocd Manufacturing Corporation (GN~C) prod~ces sawn 
t1eber for 

(a) blockboard, •anufactured 3t GkHC. 
(~~ joinery, furniture anc prefabricated housin~. aanufacture 3t GWHC, 
(cl sale to the priv3te sector or for Gcvernmer.t buildir.1 pro ec~s. 

SaNn tiaber for sale is usually sold unseasoned but tre ti:~er used ~¥ 
GNnC for blockboard, Joinery, etc, is all seasoned. 

The capacity of the c!c:kbcard plant is auite hig~. as also is :he 
~ctential timoer req~ireoents fer the joinery pla~t. Witn c~?n ~lants i~ 

full oper~tion, the full abllitv of GNMC to produce ti:ber fer sa:e will be 
severely l1eited exce~t for s~r.e loN grade prcaucts •tich c~rr.;: Oe u:e: 
'in-house'. 

Apart !roE the possitility of doi~g so~e cus:c~ sa~ir:~ or se~s~r.:r.g, cf 
l~gs or sa~n ti~cer supplied cy ethers, both :ne saw=il! and t~e seascn!:.; 
kilns sn9uld be regardec primarily s supply1~g :ne ~eeds ct tte ~lcckt~arc 
p!ant and the JCinery, wnich are certainly :he eajcr clients. 

Four ider.:ica! 'Hilde~~and' kilr.s were ccc~is~ic;e~ ~~r ~~~vie: :rr 
Se~tember, 198~. T~~ Drief of Part A of the consultlr.cy Nas es~en:ially: 

~o evalulte the oper3t1cn of the ki!n~; 
to detereine t~e drying char!~teristics 
to develop a~ ettlCl!r.t opera tier.al 
GWMC; 
to train sta~f in timber ~E3soni~g. 

2. T~e infl~ence of other factcrs at GWMC o~ timber sea~_~nir.s. 

GWMC is an integrate~ Nocd prccessln9 co1plex where 
sections: logging, plyNcod, blackboard, saNmillin9, selson~n9 
are dependent on one another to Yarying degrees. 

:ne VliiCUS 
a;.a joinery 

The seasoning section is influenced by other sectio~s ana for t~1s 
reason it is necessary to exaaine all sections to soa! extent, :o i1crove 
overall integration. 

2.1 Log resources 

The log resources are principally teeperlte rainforest ~are~cods lnd 
although up to 60 species are rtpresented in the forest, aost 109s art fro• 
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abo~t 30 species. GkMC coeaencec operations in so~e secticr.s l~ !982 and 
proauct1on rates are gradually cli~Din9 tcwl~as ~ntic1pated ta~~;:s. !t is 
difficult to deta~aine :~e levsl cf currer.t log ~~ocuction, howE\er, i: does 
exceed current veneering ana sawmilling piocucti~n rates and a c:~s:je~a)le 
surplus of l?gs is available for export to ln~1a. ~Y aost star.caids, the 
si~e and fora oi logs is poor. Log dia•eter ranges fro• about ! ~ :c 3.3 e 
(co· to 12·) with •ost logs less than 0.6 • (24.). lhe fores: ~anageaent 
regi•e is changing fro• selection logging, to clear felling 1n s:ri:s but 
this should have no significant effect on log q~ality. 

2.2 Veneer and plyNoca 

Veneer and plywoo~ procuct1or. requirss log! c~ te::e: tr.an a~;rase Sl~e 
and fora (straightness). It is a capital inte~s1ve :?eratitn ar.c :r.lr :te 
better logs of prcferrea s~ecies are dive~tec :: t;.e plywocc :!a~t. The 
length ot veneer logs lS restricted to about 27. • (9') and the practice ~s 
to dock all logs to tnat leng:n ln :he busr. ar.~ ~i~l ttes tc Ge:~ •~e-e t~ey 
are classif1e~ as either veneer logs or sawlo;s. 

2.3 Sa~Dilling 

Given tne !3wmill equipBent, tne ~a~l~~ ~~ !J;~ :r. 2.7 = ~!~~!~! :~ 

satisfactory. Diversion of the better legs tc tie venee~ :111 :s ac:e~:e:. 
HcNever, saNaill prcductio" ar.a tne su~seq~en: sel!:~e: ~~ll:tv :! =~~-e~::~ 
a: a very low :evel, mainly be:a~se tne saw~:!~ :! :a~1ns =~e ::ff1c~lt 

species ar.: the sEall and •1ssnaper. lc;s. ~:t !l: !:;s ;c:~g :c :~e Sl~:lll 
a~e diffic~lt, ~er.~v. etc. but :ncse tha: are c~:e~ cause brea~==A~s. they 
are difficult to ha~dle, they prc~uce le~ sawr. ar.: seascnea recovery and 
they red~ce procc~t1cr. rates. 

In gene~al. t~e nist: jens::v s:e~1e! sec~ as but. (olK: a~~ ka!~s 

(chestnut) are :~e di~~1calt spec:es t) ~aN. eancs1~s ir. particc!a~. should 
be preparea {shar~er.ed ane :ens~cneJ. for a cer:ai~ class cf less ;~: :t is 
tad practice to te sa•1n9 a a1x:ure of species c~~ering a wioe ~ar.3e of 
density. 

In additior., tne saw•il!ing =ac~inery is rela:ivel~ ::g~: for 
processing heavy hardwoods. The bendy •isshapen !~gs are very ~1ff1cult tc 
handle and they put unacceptatle stress on tne log loa~1r.9 gear ano the 
carriage. 

It is strongly reco••ended tnat tne difficult species an~ :~e bendy, 
•isshapen logs be sold at auction. Priority •ust ~e given f1~st to the 
veneer •ill, then to the saw•ill, with export quality co•ing thirc. 

Further observation' about the sawmill are: 

(a) All logs should be debarked 
stones ••bedded 1n the bark. 
saNing. 

to protect the saNblaaes fro• 
This sh~uld be dcne just be~ore 
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(bj Specialist ~ssistance of an exptrt saNdoctor is re~u1rec t~ 

(c) 

help overcoae the all too frecuent incidence of gullet crackin~. 
(Four headsaN blades snapped in a perioc of two weeks dur~r.g the 
consultancy.} This could be due to tne high density 109~. !he 
sawdoctor and his assistant are quite skilled at their job but 
additional tuition under an experienced expert at Ge:u wo~ld be 
tiaely, ar.d would certainly be of great benefit. 

Coaaents have been ~ade 
green chain (sorting table) 
range of product sizes it is 
at present. 

in the 
in the 

past abou~ 
S3Waill. 

the abse~ce O ~ -• G 

Given the li~ited 

(d) Sizing of sawn aaterial is often errati:. !hi3 i~ ~rc~a~!y 
due in part to sawing ~igb density logs and bendy logs witn a lot 
of tension wocd. Ho~ever, because tne sawr. s:ze l~ c~:e~ 
variable, a rather generous oversize allowance is aade. This, of 
course, reduces recovery, increases seasoning ti~e ir.d ;eq~1re~ 
aore power for aachinin~. 

2.C Joinery 

An iaportant prereq~1site f~r a prcfi:able joinery ~;:r!:icr. :s ! 

s~~ply ~f high grade, well seasoned tlaber. Thers !~ littls sc~Pe :or uslr;; 
low grades wnicn have excessive dist~rt:on ~~; tc ter.s:c~ ~-¥~ f'~~ :e~: 
logs. There is als' little scope fer usin; high density t:e~er :n joitery, 
furniture or ~refabricatea housing. especiall1 w~en internal cr.e:~1ng z:: 
:ollapse has occurred in seasoning. Oak ~na ct.es:r:~: are pzrt1culzr!y 
susceptible to collapse. 

2.5 Blockboard 

eec3use of problems tnat have arisen lr. :he ~ls:, 
specification for blockbearc aaterial is alre~dv in place: 

(a) Dense species (oak and chestnut) are not per~1:te~. 
(b) Pieces less than 100 •• Nide are not per•1tte~. 
(c) "oisture content of 8 - 9 percent is requirec. 

'(a)' is understandable because the dense species are difficult to r1F -
and they rapidly blunt the saws. 

'(b)' is unfortuni\e because blockboard is really a good •ear.s of using 
saall sizes. Ho•ever, saall sizes produce a lot of waste and they also 
reduce production rates. 

'(c)' aeans that blockbJard and joinery have to be seasoned in separate 
charges because joinery should only be dried to about 12 percent •oisture 
content. Jn fact the 8 to 9 percent moisture content require~ent ~as 
probably set because a higher average, say 12 percent does, under cur.·en~ 
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seasoning co~aition, pr~duce a w1~e rang! of ~alues anc ~!ten cor.:ai~s soc~ 
pieces of 20 percent aoisture content ar.~ a1re. w::n the reaova! of aense 
species fro• the log intake and an i•?roveaer.t in seascniug c~actice, it 
snould be possible to increase tne average &olsture conter.t for ~lo:kclar: 
to the saw as that for joinery. 

Flexibility in the seasoning operation is lapaired due to tt! t:ffer1n; 
requireaents of blockboard and jcir.ery, for final •cisture cor.te~t anc fer 
thickness. A rationalization is certainly re~uired here so that boards !ro3 
the saN•ill can be stacked a~~ sEasoned in the s1ae charge and :hen srade~ 
fGr either blockDoard or jcir.er~ use, as the stack~ are trcke~ C~•n. T~e 
t1llying could alsc be done at the saae ti•e ins:ead cf the current 
practice, Nhich is to tally bef~re seasoning •her. the stack is De~~g t~ilt. 

The •Ost si~nificant factor fro• the above is that the dense species 
and the bendy and •isshapen logs should be sold at auction. It is not 
profitable to process the• or to atte•pt to use their sawn product at GNnc, 
for either blockboard or joinery. 

Note: The current stock-pile of logs at tte sa•~ill is ext~=~::y :1rg~ 
and contains a high proportio~ cf these uns~ita~le legs. !he st,ck pile 
should also be c~lleo an: only the suitable logs selectad ~Gr sa~:~;. At 
~t.e sa•e time, the stock pile of logs for auction co~lc also ~e :ne:Ked anc 
tte better logs taken out for process1r.g oy GN~C. 

3. The kiln seasor.ing installatior. at GNr.C 

Four identical 'Hildebranc' kilns were co~:issionec f~r ~er~:ce :~ 
Septe.ter 1986. 

E. .: klln has two tracks a;;: ea::-. ::-~c~ o ": 
long x 2.4 ~ (8'} wide x ~.o £ :13") t!gn. !~e ~= 
thick ti~ber in such a s:ack ~sir.; 2S ma (!-) St 
:u~1c ~eters (91~ tJ 1060 cubic feet;. 

~ae of 32 :c (! !/<"} 
ckers :~ seo~: 22 tc !C 

Tne kiln builaings are ccns:ructed cf insu!atea J!J1i~ul ?l~::s. Ea:~ 

nas a single access coor, the full wicth cf t~e kiln (7.9 e (2~·;~. 

Finned stea1 coils are used for heating. 

A water spray li~e with atoaizing nozzles is used t~ increase 
hUlidi ty. 

Each kiln is fitted with two pairs of autoaatically operated vents 
controlled by the E~C set pcint. four, 75 ca (30~) reversible fans each 
powered by 3 kW (4HP) integrally aounted electr~c 1otors set at 26 degrees 
pitch and running at 1450 rp1., provide iir circulation. Infinitely 
variable ti•e clocks per1it fan reversal at any interval up to six hours. 
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Kiln control is autoaat1c, basec 
•oisture contEnt (EnC). Teaperature, 
•oisture content (s.c.} of sa•plE boards 
rec~ided on rcll chart recorders. 

on te•perature ana eq~::1~r:u& 

EHC of the kiln a:sos~here and 
via resistance elec:rJ::s, are 

A lift truck and transfer systea is used fo; 1oadin9 the kilns. 

These kilns do have a nu•ber of li•&tations and it has bee~ the aic of 
this consultancy to define the li•itations and :o develop a pr~giaEaa c! 
operation to work within thee to opti•u• efficiency. 

3.1 Li&itations of t~e kiln installation 

3.1.1 The lift truck is 6 = !or:g. This 1ia1ts t~e lengt~ of a s:ac~ :c 
6a and the v~lu•e of llch stack to a~cu: 23•3 ftr 32 Ea th1:~ :~~~er a~c 

about 30 e3 for 57 =•· Good working figures for these sizes are 20 c3 {70~ 
cft) ar:d 27 a3 (9SO cft) res~ect!vcly, fer stacks 2.1 e ~7'} ~i::. xit~ a 
stack lensth of 6 1 it is necessary to install baffles at one en~ :~ ~revent 
the air flow by-?assir.g the stacks. Coctinaticr:s cf tNC shor: s:l:Ks. e;. 2 
x 3.6 m or 2.4 and 4.9 • stacks could be consi~ered as an ~lternative, out 
in prac~ice this woulc no: oe feasiole w~il: 2.7 e is the ~recc21~1~: ler.;t; 
of lJgs processed at the sa~aill. 

3.!.2 The kiln size is c~ite large, :he stack! are ~ice!~: t~~? a1·s 
very hish. eaKin9 stack cons:ruc:ion tr:e consu~ing ar.: l1:c~ :~:=~s:ve. 

The stacks being built are very gcod but under the circuasta~ce! it is 
i•possible to use a stacking guide anc there is no hydraulic lift :c a!sist 
with stacking. Destackin9 is a!sv difficult from this neight {4 ! (!~')}. 

Consideration should be given to insta!ling a hya~aulic lift pla:~cr~ for 
constructing stacks. A stacking guide could be fitted tc tt.e ~!at~cr~ ar;: 
tnis NOult er.sure :hat w:ll aade stacks ~ere co~str~cte~. Tr.e ~~~:er of 
laborers ased f~r stacking coulc be reduced and further reou:tions ccu!~ be 
aade by using a forkli!: tJ tr!nsfer tl=~er fro~ tne sa~ai:! t~ :~e ;if: 
platfcr•s. 

3.1.3 !he kiln buildings are ~e~l sea~e1 

doors are extremely large and at least three 
close the•. 

ar.~ insulated. HJ~aver, 
~en are required tJ :per. 

3.1.4 The finned heating coils are located in the roof space a~d are lr. 

good condition. There are no re-heat coils bet~ean the stacks, b~t ~his is 
not a proble•. Kiln heat-up ti1e is quite acceptable. 

3.1.5 The •ater spray can generally •aintain high enough hu•i~ity to 
prevent degrade during ~rying but it is not able to produce a nigh enougn 
hu1idity to undertake a high h~•idity treataent (HHT) at the end of drying. 

An HHT is of great benefit at the end of drying and s~ould be run at a 
te1perature of SOoC •ith a relative hu•iditv approaching 100 percent {EMC of 
18\+), for up to four hours. 
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T~e effect of an KH! is to reauce ~ry:ns stresses, to reduce ~oisture 
9rad1en!s, anc to reduce case tarder.ing. All cf this helps to reduce any 
•)vemer.t in :~e ti•ber after drying a~d it aa~es the tisber euch easier to 
process wit~ planing aachines ar.d splitt1n9 saws, etc. 

~ith the water spray ho•ever. it 
teaperature and a high h~•idity at the 
va~orize the water spray is to) tigh. 
and SSoC {E"C about 16\) b~t this is 
stea•1ng t~eateent. 

is not possible to attain a hist 
sa~e tl•e. because the hEat deaa~: :o 
It lS possible to reach atout est RH 
no: su'ficient to provide ar. aoequat= 

It is reco~&endec t~a!, ir. t~e first instl'-Ce, t;;: ~ate~ S?ray ~n :~c 

cf the kilr.s be replaced by a stea~ spray. :. - water spray nozzle shcu!c ~e 
re•oved and holes drilled in the spray line a: ato~: SOC 2~ s;a~:~s. I! 
aa~ be necessary to re;lace the cor.troi ~alves wit~ steas valves. T~:s 
coule be dete~eined bY t~e plar.t eng:neer. 

The steasir~ treataer.t will ~e of ~ost benefit to the jenser spe:ies 
and to the thicker t1ater. The seccnd t~~ Kilns co~la alsc ~e ca~~a~:e~ !o 
st;aa, d~penai~9 en the re~ult 3Chi•ved wit~ the first :~o. 

3.1.6 
and controlled us:n; resistan=e se~sors ~=r ta~:!~i:~re a~: a~ £~: se~!c~ t: 
cbt;i~ a ~eslsta~ce derived value fer EMC ct t~e k:l~ at$OS~here. 

Kiln tesperatures =~= £r.C ~eie c~eck;: ~~:r.; t~=~:::~~=:a ~~= -
:n;r~ocoup~e we: ~ulb. 

re,. ... - "":'': 
·~-~-··,-

EiC~ k!ln •ls cr.eckec arc i 

Kiln No. 

1 

2 

3 

Temperature 

Readings are close. Auto 
control not working 
IndAcated temp is about 
1-2 high 
Indicated temp about 1-2° 
high 

E.H.C. 

~eodings are seriously 
out 
Indicated E.H.C. is about 
1% low 
Indicated E.H.C. is about 
1% high 

Temp appears to be controlled As with kiln 1. Readi~gs 
by sensor on the air exit are very low. This signals 
side of the stack for the spray line to be 

on continuously. 
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All ot the control units need a thorough overhaul. nany of the 
function indic~tor lights do not work. It is reco••ended that a remote 
reading te•perature indi~ator be obtained, similar to the digital reading 
ther•ocouple unit used in the above tests (Leeds and Northrup nodel 933, 
Nu•atron}. Such a unit could also be used for testing the veneer kilns. 

A point to note is that there is a te•perature sensor on either si~e of 
each kiln and they alternate to control kiln te•perature, depending on the 
direction of air flow. (See fig. 1.) 

Sensor on Sensor on 
left side 
controls . ......_right side , 

controls I 

Fig. 1: Showing change of sensor control with change 
in fan direction (end ele~otion). 

It is •ost i•portant that the fan change is synchronized with the 
correct te•perature sensor. 

Under the re1ote circu•stances at Gedu 
would be preferred for both indicating 
conditions in these kilns. 

a wet bulb te1perature sensor 
and controlling the humidity 

3.1.7 The air circulation equip•ent (fans, vents and fan reversal 
equip1ent) is basically good and in good working order, however the ~ans are 
considered to be too s•all for the task at hand. Air speed between the 
sticker spaces was measured on the exist side of the stack using an 'Alnor' 
hot-wire ane101eter. The testing was extensive, with 1easure1ents 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 results a~e listed 
below. In he first series of tests, there was no baffling in place and both 
stacks were located centrally along the rails with a gap of approxi1ately 
0.75 • (30~) at each end. These r~sults (see pages 15 and 16) show that the 
overall average is higher through the first stack, l(b), but the unifor•ity 
of air flow is very poor with hardly any air passing through the top third. 
Total air flow through the second stack, l(a) and 2(a), is very low at 0.2 
•eters per second (•ps) and unifor•ity of flow is still very patchy. 

\ 
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~Eis 
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 
~t four positions along the stack. 

The air flow through the end spaces is quite high (up to 2.6 sps) 
through spaces about 0.75 c wide) and it is quite clear that a large volu•e 
of air by-passes the stacks. As 1entioneo, the lift truck is only 6 ~ lcng. 
This li•its the stack length to 6 1 in a kiln which is 7.5 •deep. 

In the second series of tests (pages 17 and 18), the stacks were coved 
to alternate ends, i.e. stack 1 was left near the door and stack 2 was 1oved 
right in to the rear wall. The overall average figu~es i1~rcved to so•e 
extent (averages 0.4 to 0.75 1ps) but the results were still not ~nifor1 
from top to bottom, or along the length, particularly for stack 2 (3(o) and 
4(a)), w~ich had thinner timber and 1ore !tick spaces than stack 1. 

In the third series of tests (pages 19 ano 20) two plywood baf~les 1.2 
1 wide, from the floor to the false ceiling, were installed in the rear of 
the kiln. The average air flow was from o.a to 1.1 1ps and t~e un:for1ity 
along the stack, and from top to botto1, was improved considerably. The air 
flow at the top was consistently lower than that at the botto1, however, 
this result is acceptable and similar baffles are strongly reco11ended for 
all kilns. 

Note: In this third series, both stacks were actually of 32 11 thick 
timber. A higher air flow would be expected through 57 •• ti1ber. 

2.0 1ps through the stack is the figure generally reco11ended for 
conventional kiln drying, and larger fans, eg. 1.1 • dia1eter with 5 kW 
1otors, would be reco11ended for kilns the size of those at Gedu. It would 
be i1possi~le to 1ake such a change now, but this does e1phasize the need to 
take care with closing off all air gaps around the stack. 

Practice at GWMC ha~ been to set the air flow 
intervals. With the relatively long drying 
reco11ended that four hourly intervals be adopted. 

reversal at one hourly 
ti1es involves, it is 



Exit side 
stack 1 

1.6 
end 

space 

l>oo-r 

Above 
Stack 

l 

0.8 

0.3 

-
-

0.2 

0.3 

0.4 

0.5 

2 

0.3 

0.2 

0.2 

0.5 

-
-

0.1 

-

3 4 

0.7 0.4 Av( a) 

0.4 - 0.25 

0.4 - 0.15 

0.3 - 0.2 

0.1 - 0.1 2.0 
end 

0.1 - 0.1 space 

- 0.1 0.15 

0.1 - 0.15 

4 (i) © 
0.6 0.2 0.3 0.6 0.4 

3 Bearers 1.0 0.3 0.9 1.0 

z Av(b) 0.3 0.15 0.2 0.1 

Above 
Stack 

Exit side 
stack 2 

2.0 
end 

space 

A 
© © 

3 

Bearers 

Av(b) 

-
0.2 

-
-

1.1 

0.2 

0.8 

0.9 

1.1 

1.2 

1.3 

1.2 

1.0 

0.9 

0.75 

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

0.1 0.4 

0.2 0.3 

0.3 0.4 

0.5 0.6 

0.5 0.7 

'!. 5 0.3 

0.7 0.8 

0.8 0.7 

0.9 0.7 

0.3 O.JS 

Measurement~ are in metros per second (mps). 

Overall Av 0.2 mps l(a) 
= 

- Av( a) 

- 0.05 

-
-
- 0.3 

- 0.2 

- 0.3 
1.2 

0.2 0.45 end 

0.5 0.7 space 

0.7 0.8 

1.0 0.8 

0.9 0.9 

0.9 0.85 

1.0 

0.35 

Overall Av 0.45 mps l(b) -
Av(o) gives the overage measurement for each position down the stack. 
Av(b) gives the average measurement along the stack. 
Diagrams (plan view) •how measurement positions and direction of air flow. 
Stnck l,Wnlnut mixed thickness. Gap of 2' ~t top of stock. 
Stack 2,Mixed hardwoods 1~" thick. Cap of 1' at top of stack. 
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Air Speed 
in m/sec 

1 2 3 4 

Above 
Stack 

2.2 o.s 0.4 1.2 Av (a) 

Exit Side 0.3 0.1 0.1 0.7 0.3 

stack 2 

2.0 
0.4 0.1 0.2 0.3 

0.2 0.1 0.3 0.3 

0.2S 

0.3 2.6 
end 

end 
space - 0.1 - 1.6(43 

0.1 0.6 0.1 0.2 

ap) 0.1 space 

0.2S 
'"l> ....... 

0.1 o.s - 0.2 0.2 

6) 4 

3 

0.1 0.1 - 0.3 

0.1 - - 0.1 

0.2 - - 0.1 

0.1 

o.os 
o.os 

z 0.2 0.1 0.1 0.2 O.lS 

0.2 0.2 0.2 0.3 0.2S 

o.s 0.4 0.2 0.2 0.3 

0.7 o.s 0.2 0.3 0.4 

Bearers 0.9 o.s 0.7 0.9 

Av(b) 0.2S 0.2 0.1 0.3 

Overall Av 0.2 mps 2(a} 

·-
Above 
Stack 0.2 0.2 0.1 0.3 Av( a) 

Exit Side 
0.0 

Stack 1 o.o 

2.4 0.3 0.1 2.6 

end o.s 0.1 0.3 0.2 
end 

space 
space 

"l:'cot" 0.8 0.4 o.s 0.8 0.6 

0.5 0.4 0.5 0.9 0.6 

© 1.1 0.9 0.5 1.1 0.9 

1.2 1.1 0.5 1.2 1.0 

1.6 1.8 0.8 1.4 1.4 

z. 1. 7 2.0 0.8 1.4 1.5 

Bea:cers 2.3 2.5 2.2 1.9 

Av(b) 0.75 0.65 0.35 0.75 

Overal 1 Av 0.6 mp& 2(b) 
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Exit Siele 
Stack 1 

1. 7 
end 
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® 
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!; 

Bearen 
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0.4 

0.3 

o.s 
o.s 
o.s 
0.9 

0.7 

0.9 

l.S 

0.6 

--
0.7 

o.s 
o.s 
0.9 

0.6 

0.9 

1.4 

1.4 

1.1 

1.3 

1.3 

1.2 

l.S 

2.8 

1.05 

. .., ... 

2 

0.3 

0.2 

0.2 

o.s 
0.6 

0.4 

0.6 

0.6 

0.6 

l.4 

0.4S 

0.2 

0.3 

0.6 

0.6 

0.7 

0.8 

0.6 

0.7 

0.6 

1.2 

1.0 

1.1 

1.6 

0.7 

3 

0.5 

0.2 

0.3 

0.4 

1.0 

0.9 

l.0 

l.O 

l.3 

l.9 

0.7S 

0.5 

0.3 

0.5 

0.1 

0.7 

0.8 

0.8 

0.9 

1.0 

0.9 

1.1 

1.2 

1. 7 

0.8 

4 

1. 7 

0.1 

0.4 

0.6 

1.1 

1.2 

1.1 

0.6 

l.3 

l.5 

0.8 

Overall 

0.1 

0.2 

0.5 

0.7 

0.8 

1.0 

0.8 

1.0 

1.2 

0.4 

overall 

Second series - stacks moved to alternate ends 

Av (a) 

0.2 

0.3 

o.s 2.8 

0.8 
end 

space 
0.7S 

0.9 

0.7 

l.O 

Av 0.65 mps 3 (a) 

Av (a) 

0.3 

0.3 

o.s 2.0 

0.5 end 
space; 

0.6 

0.8 

0.8 

0.85 

0.9 

1.1 

1.0 

1.2 

Av 0.75 mps J(b) 
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l 2 3 4 

Above 0.4 
~v(a) 

Stack 

Exit Side 0.6 0.2 0.4 0.3 

Stack 2 0.5 0.3 0.4 0.3 

1.4 0.6 0.3 0.5 0.35 1.7 

end 0.6 0.3 0.4 o:35 
end 

space 
space 

0.5 0.4 0.3 0.3 

°])oo< 0.7 0.3 0.4 0.35 

0.9 0.2 0.3 0.35 

6) LO 0.3 0.1 0.35 

4 
1.0 0.3 0.2 0.35 

3 0.9 0.3 0.3 0.3 0.45 

0.9 0.3 0.3 0.3 0.45 

2. 
1.8 0.4 0.4 0.4 0.75 

1.4 0.6 0.5 0.5 0.75 

Bearers 2.0 1.1 0.9 0.5 

Av(b) 0.9 0.3 0.3 0.2 

Overall Av 0.4 mps 4(a) 

Above 0.3 o.s Av(a) 

Stack 

Exit Side 0.3 0.1 0.1 

Stack l 0.1 0.3 0.3 0.2 

2.4 0.2 0.3 0.5 0.25 3.0 

end 0.4 0.9 0.9 0.55 
end 

space 
space 

Poo.,... 0.5 0.3 1.0 1.5 0.8 

1.2 0.9 1.0 1.4 1.1 

1.4 0.7 1.6 l.l 1.2 

1.9 1.6 1.9 1. 7 1.8 

Bearen 1.6 2.6 2.5 2.8 

Av(b) 0.75 0.5 0.85 0.9 

Overal 1 Av 0.75 mps ~ (b} 
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. 
1 2 3 4 

Above : 
Stack 1.2 1.4 0.9 1.5 . Av (a) 

i 

Exit Side 0.8 0.6 0.7 0.6 0.7 

Stack 1 0.7 0.5 0.6 0.7 0.6 

~--' 
0.6 0.5 0.8 0.7 0.65 3.5 

end 

4- ~- - • 0.6 0.7 0.9 0.7 0.7 space 

<Y © 0.5 0.7 0.7 0.8 0.7 

3. 0.5 0.7 0.7 0.7 0.65 

..a=c- ,__ --- 0.9 0.5 0.7 0.7 0.7 

'Z. 0.8 0.6 0.9 0.8 0.8 

I L 0.9 0.6 0.9 0.8 0.8 

IX 1.3 1.2 0.9 1.4 1.2 

1.2 1.1 0.8 1.3 1.1 

0.7 0.9 1.2 1.1 1.0 

Beare1 Spaces Blocked 

Av(b) 0.8 0.1 0.8 0.85 

Overall Av 0.8 mps 5 (a) 
= 

Above 0.6 0.8 1. 7 1.5 Av(a) 
Stack 

Exit Side 1.2 0.6 0.5 0.5 0.1 

Stack 2 1.1 0.6 0.3 0.7 0.1 

2.6 1.0 0.5 0 .1 0.7 0.65 3.1 

end 1.2 0.7 0.5 0.6 0.75 
end 

space 
space 

~C> ... 
l.4 0.6 0.5 0.9 0.85 

- - 1.4 0.9 0.8 1.0 1.0 

(!) 4 ~© l. 7 0.9 0.9 1.5 1.25 

~·k 1.6 l.6 1.2 2.1 1.6 

A i---,_ ..... 1.8 1.2 1.3 1.5 1.45 
~·,. 1. 7 0.7 1.2 1.7 1.3 

~ 
11LJ 1.8 1.3. 1.3 2.1 1.6 

l><I 2.0 1.8 1.3 1.8 l. 7 

Bearer• 1. 7 2.4 2.3 1.9 

-Aw( l)) 1.5 0.95 o.as 1.25 

Overall Av 1.1 mps 5 (b) . 

Third ser,i11 - end baffle in place. End spaces now about 

20 cm (10") wide 



l 2 3 4 

Above o.s o.s 0.6 1.1 Av (a) 
Stack 

Exit Side 0.6 0.6 0.7 0.9 0.7 

Stack 2 0.8 G.7 0.8 0.9 0.8 

0.7 0.8 0.8 0.9 ~-8 

A 0.8 0.8 0.9 0.9 0.85 

© 0.6 0.7 0.9 0.8 0.75 

3 0.6 0.8 o.s LO 0.75 

t LO l' - 9 LO L3 LOS 

L4 L2 0.9 0.8 Ll 

L2 L2 0.7 L4 Ll 

L2 Ll 0.8 L3 Ll5 

Bearer Spaces Blocked . 
Av(b} 0.9 1.0 0.8 LO 

overall Av 0.9 mps 6(a) . 

Abovel L2 1.3 L2 1.3 Av(a) 

Exit Side-

Stack 

0.9 1.0 0.7 0.7 o.s 
Stack l 1.3 0.9 0.7 0.7 0.9 

1>-r 1.0 0.8 LO 0.8 0.9 2.8 

1.4 0.8 1.0 0 - (i 0.95 end 
space 

1.4 0.9 1.0 1.0 1.1 

l. 7 1.0 1.0 0.9 l.lS 

l.S 1.0 1.2 1.1 1.2 

2.0 0.9 1.2 1.0 1.25 

1.8 l.0 0.9 1.2 1.2 

l. 7 1.0 0.8 1.2 1.2 

1.8 1.3 1.0 1.4 1.4 

l. 7 l.S 1.0 1.) 1.4 

Bearers 1.8 1.2 1.8 2.2 

AV(b} l.S 1.0 0.95 1.0 

overall Av 1.1 mps 6 (b) 
~ 
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l.1.8 Klln operation ana ~onitoring •01sture 
soph1st1cated electronic equipaent Nhich. in 
considered both ina~propriate and inade~uate. 

conten~ is Gone using 
the c1rc~~stances. is 

It is inappropriate because in any isolated Sltuation such as Bhutan, 
it is difficult to 9et replaceaent parts readily ar.d it is also c1fficult to 
obtain the services of experienced electronics experts Nho can diagnose 
faults and rectify the•. It is inadequate because kilns 1 and 2 are fitted 
Mith three pairs of •oisture content resistance probes and kilns 3 and 4 
have tMo. Practice has been to have two pairs of probes ir: tk~ stacKs and 
one 9air in each of the reaaining six stacks. These probes are driven int~ 
any board of any species on the outside of the stacKs, anQ the :nforaatior. 
obtained is used in the process of deciding how ~ell a whole stac~ is 
drying, and Mhen the stack is finally dried. !nfcr~a~1cn c~ !:e ~MC of the 
kiln ataosphere aay also be use~ in the aecision but as Nit~ t~e aoisture 
content probes, it is not alNays reliable. 

A syste• using saaple boards based on over cry ~eight sc:stJre cor.tent 
deterainaticn has noN been intrcdu~ed. This syst:~ is bot~ s:~~l~ a~: 
instructive and it addresses the probles at the spec!es levei. !t is •ore 
tiae consueing than the electronic ae:hcc, b•·• it i~vol~E~ t~! ~1ln 
operator ll a •ore ba~ic level and provides ootr. operator a;: .. anageeent 
Mith i~ioraation tr.at can be ~sef~lly assessed. 

Figure 3 illustrates the steps invclvec in prepa:in9 a~: ~sin; saeple 
boards. 

Four sa•ple boards are being used per stack. ~her~ :ixe~ s~~c1es are 
be1ng dried, the four are chosen froF differ!nt specie~ aid :~!v a:e pla:ed 
Nith1n the outside roN of boarcs, on t~e siae cf :~e stacr !n :~e ce~:er of 
the kiln (see f19ure <). 

The control par.el of each kiln is t:tted w~t~ 3 rcll c~ar~ -e~o~ae: as 
•entionea earlier ~ut there are nc charts in st~cr. anc the va:~e of ~ee~1r; 
such records 1s questioned. Currently the nisr.: ti"'e o;e-!:cr re;ords 
te•perature, EMC and aoisttre content at fcyr h~urly interva!s. A check cf 
these records is considered ade~uate for p1ckir.9 ~: ar.y fault~. 
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Fig. 4. 
Showing the 
location of 
sample boards 
on the inside 
of stacks. 
(plan view) 
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3.2 Su2aary cf lia1tat1ons and recoaaended act1~n 

(a) Lift truck length of oa (anc log length of 2.7 •) aeans that 
the kiln cannot be stacked to its full length of 7.2 • anG kiln 
caFacity is reduced accordingly. Kiln capacity of each kiln is 
approxiaately 40 •3 (1400 cf t) for 32 •• thick tiaber a~: 54 •3 
{1,00 cft) for 57 •• thick. It is understood the kiln! -ere 
installed in the oelief that kiln capac1ty -ould be 70£3 ea:l. In 
vieM of this reduced capacity. kiln through-put aust be increased 
by air drying prior to k\ln drying (see se'-tio~ 5.0J and by drying 
only the less dense species Mhich are easier to dry. 

(~} Individual stack size is quite large {4 • h!Sh) anQ ~tack 
construction is aifficuit ar.d la~cr intensive. !his s:~~1t1cn 
could be iaproved by installi"g a hydrau!ic l:ft platfors fer use 
in stack constru:tion. A saall feasibility study is recoaaended. 

(c) H19h teaoerature (EOo) and nigh hu•1c1ty (~5-!C0~; ?~E 
require~ for post-seasoning stress relief. W:th the aa:er s:~av 
~ystem for increasing hua1d1tv, it is not ~~ss1b!e to :::!::a 
high enoug~ te•peratur 0 ~nd a ~ign husia1ty at tne sa~e t~r.e. It 
is recoaaended the Mater spray be aodified and connected to the 
steaa supply. 

(d) The fans are ~arel1 large elougn ta give adequate --· 7!l~ 
thrc~gh the s~,cks, and with tne stack length of 6 • in a k:~r. 7.5 
• !on~. sost ~f the air floN w1ll by-pass th! stlcks if t~e l!-;e 
air 9ao is not baffled off. Top priority aust be given to 
constructing plyMood baffles in all kilns. to c!ose off the ;ap at 
t~e end of tt:e stackt. In add1t1or. all stack~ $houlC be :~:l: t; 
their ful; height. I~ they are r.c:, a tem~cr3~y ba~~le sr~-~a :: 
usec to bl~c~ off tne s~are at the tc-.. 

(e) The electro~1c ~ystee supPl1e~ for dete;~1~in; the e~: ~clr.t 
of dryi~g is ne!ther adequate nor reliab~e. The svste1 of sa•ple 
boards based on the oven dry Meight deteraination cf mols:~re 
content, Mhicn Mas introduced during the cor.sultancy is strongly 
reco11ended. 

4. Stacking 

There 2:e three significant factors in obtsinin9 good seaso~ed quality 
and good seasoned recovery. 

(a) Good stacking practice, 
(b) The correct kiln schedule, 
(c) Good and Mell •a1ntained kilns and equip1ent. 



Good stacking prevents warp and other 01stort1cn, whereas pocr stack1r.~ 

with overhan9in5 and unsupported ends er.coura~es dry1n9 de9race. As 
aenti~ned earlier (3.l.2j, the large kiln Sile requires very large stacks 
which are difficult to construct. Despite this tr.e stacking at GW"C is 
quite reasonaole and iaproveaents have beer. aaoe to standardize !~e c1st=r.ce 
between sticks and tG aake all stacks, bOK ended at both ends. As ti•e goes 
on, the short length sticks, khich are currently ~sed in tar.cee, should be 
replaced by single sticks the full ~idth of the stack, plus ~pprox1eately 50 
•• at either side, i.e. totai stick length 2.2 • for a 2.1 • w1cs stack. 

The stack length of 6 • is qa~te suitable for the short logs ge~erally 
processed by t~e saw•ill. However, the conifer logs are of~er. :cnger i~ 

length and considerat10~ could be given to •aking separate sta~~ 3.e ~ lor:~. 

when conifers are processe~. 

5. ?ropos:d a:r ~~yir.9 

In aost timber seasor:ir:s O?erat1or.s the ~s~al orac~!:e is :: a:r orv 
prior to kiln dryin;. T~~s is not c~ne at Ge~~ beca~se ttere are net 
enough sets of stack fou~dat1o~s {rt~ps) ava::a~le and !~e-e :~ ~: ~JrKi:~t 

at t~e saw•ill large enough t~ carr~ the very la•ge st!Cks. ~lso. the 
decand for seasone~ ti~:er is sc r.:9n :~a! ~:ac~! a:e u!~a_:v :~t: t~e 

kii1 as soon as :ne timbf: a~~ive~ froe thE sill a~a ~~e s:~ck: =re :~11:. 

k1ln capac:tv wil: ~J~ 

that a co1bina~icr. cf 
overco•e this prc~le~ 

a~~ dry:ng, 
ar.1 F1g. 

ex1stin9 stackir.9 ramPs ~1tn 
?nese additional ramps ~culJ 
track and transfe: ~ystem. 

fc·lowed 
5 i~ a 

re~~ire~e~tt. :t l: ~rop~sec 
~Y Kiln ery!r.;, A~~lc ~~!r 

plan of the k1lns an~ t~e f~u· 
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Fig. 5: Plan of GWMC seasoning kilns (Nith end baffles installe:) shoN1n9 
four ex1stin9 stacklng ra1ps and seven additional ramps and rcofing, 

for air seasoning. 
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In a stack of •1xed nardwood, allowed to air ary for s1~ ~~•s. the 
aoisture ccntent ot saaple bcaras fell free ar. averl9e initial fis~re c! i9t 
tG Sl.S\. Aa•1ttedly, the weather at the ti•e was especially f1~a tor Gedu, 
but ever. unaer wet, humid conditions, air drying is still ef75ct1ve ir. 

resovins the early •oisture (free aoisture) fro• tiaber, therecv reducing 
the kilr. residence tiae. Covered air drying ;s strongly reccmt!neej and an 
extension to the roofed area is also shown in Fig. S. 

It is esti•ated that for 32 •• ti•ber, twc weeks of air drv~r3 snould, 
on average, be able to reduce kilr. ti•e to around 10 to 14 days. ~urrent 

ti•e is about 20 days kiln dryir.g fro• green. 

Provision of these additional ra•ps wculd also per•it fiex:oi!ity cf 
operation. For example, difficult spe:ies Nnich co!la~ss, c~~la JE air 
dried for longer periods dcwr. to about 30\ aoistu~e content before taing 
kiln dried. l•proved quality should result. Als~ the extrs :s~p~ ~c~la 
allow kiln priorities to te altered, shoult urgent orders fer a :!::icular 
size or species group arise. 

It is reco••ended that construction of the S!ven additional ra•ps be 
given top priority. 

o. Kiln scr.edule 

The ~air. objective :n seascning ~~ 

as possible •:th a eir.i~u~ cf deg~ade. 

developaent 

~o ~ry :he t:~b!r l~ l~ ~-:-: ~ :i~= 

·schedules· a:a ~su3lly c~.!l,ped to 
do this, !er various spa~ie~ ~~d for vai1vus thick~ess!~. d:~s~c:·: ~- ~c~ 

d1ffic~lt tne species is tc cry. At GWMC, with all s~ec1e~ ~1xej ir. 
tc9ether, it is or.ly ~cs~ible to a~ply 3 fair!v ~:ld s:~edul!. 

Abou: 30 s~ecies of hard~~oc logs are representec :n trs ~e:. ?:;y!-d 
ir. sigr.ificant r.um~ers. Log~ of c~her species 2zy also b: jrc::~: ~-)~ ::me 
tc ti•e. With the excep:ion of walnut and the ccn1fers, ncne of :r! ~tners 
are sortej. T~ey are sa~~ :c~et~!r, as they co~e. ar.c the sea!~-:-;!:!~~! 
are made u? acc,~cir.gly. 

!t is ~tron;ly su9~ested that s~eties be a~lccated to a !!as:~:··; ~r:u: 
according to their seasoning performance and that t~ese groups ~e !orted :~ 
t~e logyard so they can be sawn and seasoned separately. Th~~~ 1:o~ps 

sho~ld be adequate and the initial basis for grouping shc~ld be cens1tv 
classes. 

The key to all of this, h~wever, is species ident1fi:ac:;~ Jr.c at 
present no atte•pt is being •ade to identify any species, in eit~er i!! lcs 
for• or as sawn ti1ber. Expertise in ide~tification appears tc :e li~ited 
to just a few ~eople, and it is reco11ended that this be foste~e: ir many 
•ore of the stat~ in the logyarc, the sawmill and the se3scn1~9 K•l~s. 



A start h3s neen aade now to develcp species informat!ar. ~roe tne 
boards selecttd for sample toards. At present, the various toaras chosen 
are o~ly ~e1ng 91ven a nu£ber ana a loca! na~e. in :he ~ope tna~ in t~e r.ear 
future an expert in identif1cation will be able to conf1r• t~e1r identity_ 
The information being obtair.ed is: 

Green density, Basic Density, Air Dry Dens1tv 
Shrinkage fro• green to 12\ 
Moisture •eter corrections 
Seasoning characteristics 

It is proposed that lo;s be sorted, s~wn a:.c seascr.ea as oer t~; :n~== 
groups listed in Table 1. T~is grouping is based on l:3ited air dry de~s1ty 
inforaation. The appropriate kiln seaso~ir.3 schedules for eac~ ~r~~P zre 
al!c listed in ia~le 1. ihese t~ree groups should be ad:ed to ar.d a~endeti, 
deper.:!n9 on tr.e inforsat1on obtained f :ora sam~l= ~cares wh1c~ r.ave ~ear 
thrcugh the seasoning process. For exa~~ie, if Scnedule I is focnc to :: 
too severe for a certa:r: species in Group I, the 11s: sh~~l: oe a"e'c:c 
include that species in Group II. 

As stresseo in secticn .. .. . i: 
species an: :eitain logs wh:ch are diff1~~!t to dry. snould ~E ~~f:~e: ~~ 
auction :atner than being sa~n. 

Euk (Oak) is a verv ~1f~icult !re:1e! t: =-~ J-~ :·ers !~e ::~:-s !~c-
3! Katus (chestnut) which collapse and oe~elc~ internal c~e:~1n9. !~ :~e!e 
species are sa~n. t~ey s~culc be sa~~ t: nc t-:c~sr tna~ 3~ ~~ :oar:! 
teca~se b:3rds Present less ProbleffiS in :ry:ng :ha~ fr!~:~g sizes. 

Ir, aj:1!ior., ffiany cf t~: ~a:~ foiE~: leg~ r;.e ~-~~; ~~= ~:~~ f~:~~~e 

tends) an: te"s1on wood is al~a;s assoc:!ted with :n:! peer fc~[. Tensic~ 
wood has aonormal lon91:uainal s~r1nka9e ~~ic~ resu~:s 1~ ~o~ !~~ !C~in3. 
~iile the aemand fro~ India f~r legs of an1 ces:r1::::~ rE~ai~! n1g~. tners 
is nc point i~ a:te~Pt1ng tc saw anc seas:n :ne 01~~1:~!! s:e::es arJ tn~ 
difficult logs at G~MC. 

Table 1: S2ec1e! sro~ps for seascn1n9 purpose! at &w~c. base: =~ 1:· c·~ 
density where available. 

Group I - up to 500 kgs/m3 

Local name 
Ar•; pa tey 
Aldev (Utish) 
Rani Champ 
Spruce 
Blue pine 
Badrasi 

eotanic~l :u:11e 
Prunus nepaliensis 
Alnus nepaliensis 
"ichelia cha•paca 
Pieea spinelosa 
P~nus wallichiana 
Eleocarpus varuna 



Group II - 500 to cOv kg/c3 

Saur (Birch) 
Kwala 
tapasi (11aple) 
Plpl i 
Toon 
Okhar (Walnut) 
Leck chilaur.e 
iarsing 
Bilale sissi 
Paha le 
Lalchandan 
Kholae 
Gob ray 

Betula alnoides 
11achilus ga••iena 
Acer ca.pbelli 
Bucklandia populnea 
Cedrella spp. 
Juglans regia 
Nyssa javanica 
Beilsch•eidia siki•ensis 
Neolitsea foliosa 
Li tsea spp. 
Daphiniphylu• hi•alayanensis 
Sy•plocos ~oicafa 
Echinocarpus decicarpus 

Group II! - greater than 650 kg/•3 

Buk (Oakj 
Kharane (Ash) 
T1ta Champ 
Aul chilaune 
Kat.us 
P~tti ~issi 

3holav p;.itli 
F.:mfal 

Up 

Quercus la•ellosa 
Sy•plocos theifolia 
ftichelia cathcarti 
Schi•a Nallichii 
Castanopsis hystrix 
Cuinna•o•u• i•presnervum 
Acer oblongus 
nachilus edulis 

SCHEDULES FOR GROUP I SPECIRS 

Air dry density up to SOOkg/mJ 

to 35nm thick Grealci.· lhan JSmm 

IM.c. Change Dry Bulb E.M.C. Wet U.D.* Dry Bulb E.M.C. i Wet O.D. 
•c ' •c 

Points ' •c ' •c 
I 
I 

Green 55 13.0 5 55 14 .o 
13.0 

60 

40 

JS 
30 

25 

20 

15 

55 10.0 8 55 

60 ., • 5 10 liO 10.0 

60 6.5 15 60 10.0 

65 5.0 20 65 8.5 

65 5.0 20 65 6.5 

70 5.0 20 70 5.0 
' 

70 5.0 20 i 70 5.0 

For Group I species o high humidity ( ateaining) treatment is 
recommended at the end of drying. This can be achieved by 
installing o live nteam spray, lo get no•c and 18t E.M.C. ~or 
3 hour& for up to 35 mm thicknc~s and 4 hours Cor thickness 
greater than 35 mm. 

• Wet Bulb Depression 

I 
I 
I 4 
I 
I 5 

8 

8 

10 

15 

20 

20 

I 
' 



SCHEDULES FOP. GROUP 11 Sl'ECIF.5 

Air dry density 500 lo 6~0 kgfmmJ 

Up to 35nm thick Greater than 35mm ~-C- Change Ory Bulb E.H.C. Wet 8.D. Dry Hulbl E.K.C. Wet B.D. 
oincs ' •c ' ·c •c ' 

!Green 50 14.0 4 •5 16.0 

60 50 ll.O 5 50 H.O 

40 55 11.0 7 50 13.0 

35 55 10.0 8 55 10.0 

' 
30 60 I 8.5 10 55 8.5 

25 60 6.5 15 I 60 7.5 

I 20 70 I 5.0 20 Ci~ 6.5 

15 70 I 5.0 20 I 70 5.0 i 

i 

A high humidity treatment_ is recommended for Group 11 species as 
per that for Group I species. 

M.C. 

SCHEDULES f'OR CROUP lJ 1 5PEC1ES 

Air dry density greater than 650kg/ml 
and for any other species prove to 
collapse. Same schedule for ~11 sizes 

• . 
Change Dry Bulb E.H.C. Wet B.D. 

Points \ •c ' \C 

Green 

60 

40 

35 

)0 

25 

20 

15 

45 16.0 ) 

45 16. 0 3 
50 14 .0 4 
50 12.0 6 
55 10.0 8 
55 u .. . ;) 10 
65 6.5 15 
70 5.U 20 

For these species air drying down to about 35\ is 
reconnended before kiln drying. A reconditioning 
treatment is also recommended at 20\ M/C. This is 
similar to a high humidity l~catmcnt. Temperature 
should be 9o•c with maximum ~.M.C. attainable for 
4 hours. 

For all species, 

Schedule changes should be made when snmplc buurd with the highesot 
M.C. has reached the M.C. change point&. 

When a stack has becan air drying, the kiln ahould be set (or the 
conditions applying to the previous change poir;t, ug. if a stack 
4

• ~•r ~r•~~ tn 35• M.C •• apply the kiln conditions listed for 

•c 

l 

4 

6 

8 

10 

12 

15 

20 
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7. guality assurance 

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

Duality control extends to the end of kiln drying. It rests Mith the 
kiln operator and consists of decisions being •adr by hi• to control the 
drying of a kiln charge, based on infor•ation received fro• sa•ple boards, 
about the progress of drying of that charge. 

Quality assurance is a for•al feed-back syste• •here infcr•ation about 
the final •oisture content of a charge is presented to the kiln operator 
after the stack has been broken doMn. 

He can then check this infor•ation against ~is infor•ation for the 
particular charge and adjust the drying ti•es or conditions for subsequent 
charges accordingly. 

A quality assurance syste• was instituted for GMnc as part of the 
consultancy. It consists of taking •oisture •eter readings on a sa•ple of 
about 30 boards per stack as the stacks are broker. doMr.. noisture aeters 
have li•ited accuracy, but they are useful for providing an indication o~ 
dried quality, i.e. the average aoisture con!ent and the range. 

A •oisture •eter with long nails and a sliding ha••er electroces should 
be used so the nails reach to the center of the boa~. Sa•ple sele~tion 
should be as per the for•at developed, i.e. about every third board, in 
every tenth layer. The readings should be entered to indicate the 
ap~roxi•ate position of the saaples in the stack. Stack details such as 
stack nuaber, seasoning group and thickness should also be recorded. 
AlloMance should be •ade o~ each record for the production supervisor and 
the kiln supervisGr to sign, indicating that they have sighted the results. 
In addition to this, the foreaan in charge of the blockboard section and the 
joinery •anager should also be encouraged to offer feed-back on seasoned 
quality. 

8. Training 

A tiaber seasoning course as detailed in ~nnex I Mas held over four 
days for seven participants. Each received a co•plets copy of the course 
notes. Attendance was good and feedback during the course was aost 
encouraging. Participar.ts were the Production nanager, two fro• the kilns, 
two fro• the sawaill, the Joinery nanager and the Assistant Logging "anager. 
As discussed in Section 2, ti•ber seasoning cannot be considered in 
isolation. It is processing in joinery or blockboard aanuf acture. It aust 
be f;Onsidered as an integral part in the whole organization and it was 
pleasing that the •anage•ent level fro• these other sections was well 
represented. 
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Extensive on-the-job training •as given to the kiln supervisor and his 
assistant. This involved stack construction, sa•ple board prep3ration, 
•easure•ent techniques, kiln testing, record keeping and the interpretation 
of results. 

It is reco••ended that the kiln supervisor undertake further training 
overseas, and arrange•ents •ill be pursued for hi• to be attached to the 
Diiision of Technical Services of the Depart•ent of Forestry, Queensland, 
Australia. The Division has a co•preh~nsive seasoning research section and 
a period of three •eeks •orking •ith the research staff •ould be an 
invaluable experience. 

9. Forest Products Research 

It is considered that the Depart•ent of Forests has a responsibility to 
ensure that forest products research is teing addressed in the saae •ay that 
forest research is, and it is strongly recoaae~ded that ar. appointaent in 
forest products research be •ade in the Departaent of Forests as soon as 
possible. The initial role of the appointee should be to extract all 
species inforaation relevant to Bhutan, fro• the Debra Dun inforaation. 
This could then be confiraed, and the aissing inforaation provi~e~ by local 
research. Although the appointee should be fro• the Depart•ent of Forests, 
he should be based at Gedu •ith an office at GNnC, •here basic laboratory 
and saaple preparation facilities are available. Gwnc is the largest •ood 
processing plant in Bhutan and the •iee range of teaperate rain forest 
species being logged •akes it extreaely diffic~lt to attain high product 
star.dards. Expanding the expertise in species recognition, bacKed up by 
basic •ood property inforaation would certainly lead to •ore efficient 
utilization of the various species, to iaproved product quality, and to 
higher profits. Tnis proposal •as discussed •ith th! Officer in Charge of 
Forest Research at Tava, Thi•phu and Kill be further considered under Part B 
of this report. 

10. Reco••endations and action proposed for ti•ber seasoning, GW~C 

Section 

2 

2.3 

2.3 

2.4 

3.1.2 

Reco••endation 

Difficult species, bendy and •isshapen 
logs be sold instead of being processed 

Debark logs prior to sawing 

Obtain consultancy for expert 
Sawdoctor 

Feasibility study to rationalize 
seasoned requireaents for blockboard 
and joinery (sizes and •oisture content) 

Feasibility study for hydraulic lift 
platfor• for stack construction 

Action Officer 

Policy: General ~anager 
Action: Logging nanager 

Sa••ill "anager 

General nanager 
UNDP 

Production nanager 

Production "anager 
Plant Engineer 



3.1.S 

3.1.6 

3.1. 7 

3.1. 7 

3.1.8 

4 

s 

6 

7 

7 

7 

8 

9 

10 
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Connect steaa to the Mater spray Plant Engineer 

Obtain a theraocouple teaperature Production nanager 
indicator 

Construct plyMood baffles in all kilns liln Supervisor 

Adopt four-hourly intervals for liln Supervisor 
fan reversal 

Adopt saaple board systea of aoisture liln Supervisor 
content aonitoring 

Replace short length sticks Mith liln Supervisor 
single length sticks 

Construct air drying raa?S Policy: General nanager. 

Sort logs into seasoning groups 

Develop and iepleaent a regular 
Inspection/naintenance schedule 

Replace fan aotors in kilns 3 and 4 

Calibrate and repair all electronic 
equipaent 

Undertake Quality Assurance testing 
for attention Production nanager 
and Kiln Supervisor 

Organize overseas training for kiln 
Supervisor 

Obtain forest products research 
technician for GWHC 

Action: 
nanager 

Production 

Logging nanager 

Prcduction nar.ager 
Plant Engir.eer. 
Supervisor 

Plant Engineer 

Plant Er.gineer 

liln 

Assistant Kiln Supervisor 

Consultant. Ger.era! 
nanager 

General ninager 
Director of forests, D/C 
forest Research 
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Part B - Aspects of tiaber research and developaent in Bhutan 

1. Introduction 

An analysis of the situation at Gedu reveals that for tne foreseeable 
future the sawaill1ng and seasoning facilities at GNftC will be alaost 
totally occupied in aeeting the Corporation•s o•n requireaents for 
blockboard. joinery and prefabricated buildings. There •ill be little 
excess capacity to provide seasoned tiaber for the general aarket or to 
undertake custoa seasoning. 

In Bhutan at prese~t there is a liaited appreciaticn of the 
desirability for using seasoned tiaber. An understanding of shrinkage and 
•hat happens •hen tiaber dries is essential to i .. proving both initial and 
long tera perforaance of tiaber products, particularly as aore aachines are 
used in construction, and the factory fabric1.tion of tieber articles and 
coaponents continues to gro•. Not all tiaber needs t~ be seasoned, but, 
•here it is required, it is iaportant that certain requiresen:s are &et. 

T•o quite separate areas of buildins can be defined: 

1. Tradition housing. •here in eany respects the builders eanage 
to accoaaodate the action of shrinkage by allo•ing for it in their 
design. 

2. Institutional buildings (hotels, governaen~ jffices, schools 
and public buildings;, Mhich are usually built to a tiae schedule 
by contractors, •here Joinery iteas can be factory prcd~cts off
site, and where there is no ti•e to adequately season tiaber for 
flooring and panelling, etc. on site. prior le use. 

Tt.e design and construction of traditional housing has reached a high 
level of sophistication and skill, and the incentives offerec ~Y governeent 
to ensure that this continues are to be coaaended. A greater awareness of 
the use of seasoned tiaber, the use of preservative treated tiaber. and of 
the basics of wood technology •ould be of soae benefit in tradition 
building. In institutional building, it is essential. 

These aspects •ere pursued in the li•ited ti•e available and reports 
and reco~•endations are aade in the following sections. 

2. Tiaber seasoning teaching aids 

As aentioned under training, Part A, Section 9, a coaprehensive tiaber 
seasoning course was run at GNnc for seven of the aanageaent and su~ervisory 
staff. 

The course content, detailed in Annex I, covered aspects of tiaber 
seasoning such as wood/water relationships, air seasoning, stacking, drying 
stresses, etc., •hich are all necessary to an understanding of kiln drying. 
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Each participant received a copy of the course notes. A further copy 
of the notes, together •ith all the overhead ~rojector transparencies, •as 
left •ith the Principal of the Royal Technical Institute at Kharbandi 
(ITII). 

This institute runs a building and construction course •hich includes 
carpentry and joinery (C&J) and discussions •ere held •ith the Principal and 
tbe C&J staff, Mith the vie• to introducing additional relevant i~for•ation 
on ti•ber and its properties. 

The C&J staff •e•bers •ere invited to attend the seasoning course at 
Gedu, but unfortunately their teaching co••it•ents prevented this. 

2.1 Pilot scale solar ti•ber kiln for RTIK 

The Principal e~pressed interest in buildins a s•all solar tisber 
drying kiln at the Institute so that ti•ber for their o•n require•ents could 
be seasoned. Details en solar kiln design •ere left Mith hi•. The ~ro?osal 
is strongly supported as it •ould also serve as a valuable teaching aid to 
introduce so•e of the basics cf •ood technology. 

2.2 Carpentry •orkshop equip•ent, RTiK 

While at the Institute it •z~ noted that the equip•ent available ir. the 
carpentry •orkshop is q~ite ol~ and extrecely !ioited. It is recoaaendec 
that the possibility of ne• equip•ent be:ng provided under an aid project be 
investigated. 

The education ~ystea can play a large par: in developing an aw!re~ess 
of the technical properties of ti•ber. It is desirable that this be 
introduced at the upper priaary level or ~hereabouts. Ho•ever, at this 
stage, as a start to i•proving the efficiency of the •ood using sector, it 
is •ost desirable that relevant infor•ation on tim~er and its propertles te 
given to the building and construction st~dents at RTIK. Provision of a 
s•all solar kiln and ne• •orkshop equipaent •ould help t6 litt the 
effectiveness of this i•portant ar~a. 

3. The potential for using seasoned tieber in Bhutan 

As discussed in the introduction to Part B, it is in the construetion 
of institutional type buildings that the use of seasoned ti•ber has its 
greatest potential. 

A short course-cua-discussion •as organized for architects and 
draughts•en fro• the follo•ing specifying/building orga~izations: 

Public works Depart•ent (PND) 
South Asian Association for Regional Cooperation (SAARC) 
Depart•ent of Education. 
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Unfortunately only the Education Departaent Mas represented by seven 
attenders and there •as also an architect fro• the private sector. 

The discussion •as structured around 'Tiaber specifiers• Notes•. 
prepared by the Departaent of Forestry. Queensland. Contents are detailed 
in Appendix II. Eaphasis •as placed on taking care to deteraine •hat is 
required of tiaber building aaterials. taking care to specify correctly and 
precisely and taking care to check that the aaterial received aeets the 
specifications in teras of species. durability. aoisture content and grade. 

At present there are no standrrd tiaber grading rules in Bhutan but 
this is of no great consequence. Relevant rules froa India could be used. 
or it aay be sufficient not to use standard rules but siaply to adopt 
certain specifications •hich liait the size of kr.ots, the size of gua veins. 
etc. 

Seasoned tiaber is not readily available froa any saNaill except for 
Gedu but t~is is largely because there has been no deaand for it. Seasoned 
tiaber can be provided. if it is clearly specified and ordered as such, even 
if it is air dried. It •ill not be until the deaand gro•s that suppliers 
can be expected to install tiaber seasoning kilns. 

A saall dehuaidifier kiln has been installed in Thiaphu by SAARC to 
season the tiaber being used for joinery and panelling in the ne• Conference 
Center. This kiln is also available to do custoa seasoning but it •ill not 
get auch use until specifiers order seasoned ti•ber. 

The potential is there to iaprove the standard of 
furniture, etc. by using seasoned tiaber as appropriate. 
that those designing public buildings for the Governaent 
lead in specifying seasoned tiaber for particular uses. 

building and of 
It is considered 
should take the 

4. Solar kiln for the Public Works Departaent (PND) 
bridge project at Gaylegphug 

Although arrangeaents had been aade to visit the wooden bridge project 
at Gaylegphug, the trip •as not aade because the project carpenter •as not 
on site. In addition reports Mere received that PND were not ready at the 
tiae to develop the project any further. 

5. Solar kiln for Bhutan Logging Corporation (BLC) at Raatokta 

The BLC log depot at Raatokta NIS inspected with the vie• to installing 
a deaonstrations solar kiln in site. The site would be satisfactory, 
however BLC is reviewing its operation. At present BLC provides logs to 
privately owned sawaills who, for a fee, convert thea to sawn tiaber and 
then they (ILC) arrange for the sale of the sawn tiaber. This is likely to 
change, whereby the sawaills will purchase the logs froa BLC •~d •ill then 
sell the sawn tiaber to consuaers. 
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"ost of the country •ills are expected to be selling their saNn product 
in the green condition to India. The •ill at Ra•tokta is a country •ill and 
therefore Mould not be Nanting to sell seasoned ti•ber. 

As aentioned. there is a dehu•idifier kiln run in Thi•phu by SAARC, and 
it is understood that this unit is being given to the Forest Depart•ent 
(BLC) to operate Nhen the Conference Center Project has been co•pleted. At 
this stage, Nhile the deaand for seasoned ti•ber is just developing, it is 
considered the dehuaidifier kiln shoul( be operated instead of installing a 
solar kiln. Electricity is quite inexpensive in Bhutan, at Ng. 0.4 per kWh, 
Nhich aakes operating a dehu•idifier auch •ore reasonable than it Mould be 
in other countries. 

It is recoa•ended the local specifiers and saNaillers be encouraged to 
use the dehu•idifier kiln noN, and the proposal to instal a solar kiln be 
revieNed once •arket acceptance of seasoned tiaber has been developed. 
Copies of a paper by D. Gough 'Tiaber seasoning in a solar kiln' (see annex 
III for abstract) Mere left Mith BLC and also Mith RTil. 

6. SaN•ill recovery studies for BLC 

Inforaation Nas forNarded to BLC on the aethodology fer undertaking 
saN•ill recovery studies. The inforaation is in the for• of a field report 
by Gough, Willia•s. Sydney Chan and Chan Hing Hon, 1982 1 'Procedure and 
co•puter tabulation for graded recovery studies of saNn tia~er' {see annex 
IV for abstract). 

As BLC is responsible for selling logs, it is i•portant that they are 
able to deteraine the true value of various 109 size and qualitv classes, 
based on the value of the tiaber obtair.able fro• those logs. 

The above filed re?ort establishes the principles invGlved in saN•ill 
recovery studies. It sets procedures Nhich alloM studies done at different 
ti•es to be readily co•pared, one Mith the other. Co•?uters are not 
essential for data analysis, but they certainly help. The co•;~ter 
prograa1e listed in this report is perhaps not :s elegant as it cou1~ be and 
there are prograaae packages available Nhich ~ould no doubt be easily 
adapted for use; nonetheless it ~oes ~~rk and could be used either for 
separate logs/steas or for batches of logs sorted,for exaaple into diaeeter 
clas~!s. 

7. li•ber preservation 

7.1 Roofing shingle project - Punakha 

A project involving the creosote treat•ent of softNood roofing shingles 
for a aajor renovation of the Punakha Dzong Nas inspected at the request of 
the District Forester, Thi•phu. 
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This •as a hot and cold treataent in SO/SO creosote and oil. The 
shingles •ere held in a tank aaintained at about BOoC for one hour and •ere 
then transferred to a tank of cold creosote and oil. Penetration, even in 
the sap•ood, •as •iniaal and it is considered that iaaersion for 2 to 3 
hours, at about 900-lOOoC •ould give a better result. The treated shingles 
are being stored for one to t•o years before they •ill be used. This should 
reduce any risk of contaaination to rain •ater run-off fro• the roof. 

T~e treataent •ould be expected to extend the life of the shingles by 
reducing physical •eathering and by preventing decay in the penetrated 
tiabers. It is recoaaended that a foaa-type fire extinguisher be kept on 
hand at the treataent site and that the storage of treated and untreated 
tiaber be in separate sheds fro• the treataent tanks, in ~ase a fire occurs. 

7.2 Poles for eo•er and telephone transaission 

In general, only the sap•ood of any species can be successfully treated 
•ith preservatives. Soae penetration can be achieved in the heartNood of 
soae species but this is usually lo• level and quite variable. 

Fortunately, the conifers of pole size have relatively •ide sapNo9d and 
can be aost successfully treate1 for po•er and te,ephone trar.saission poles. 
It is recoaaended that this aspect be further exaained as a ~eans of 
providing an alternative to the i•ported steel poles currently in ~se. It 
could also develop into an exportable product. 

7.3 Lyctus iaaunization 

A lo• level of treataent is desirable to iaeunize the sapNood of 
c~rtain hard•oods against the Lvctus borer. Lyctus attack has been observed 
at Gedu and it has been reported in soae of the ply•ood and blockboard 
c~•ing froa Gedu. The extent of the proble• is not kno•n and research •erk 
is required to deteraine •hich species have Lyctus susceptible sapNood. 

7.• CCA treataent at GWnc 

There is a large Yacuua Pressure I1pregnation plant for CCA treat•ent 
at Gedu, but to date this plant has not been used. "any of the rain forest 
species processed by GWHC have •ide sap•ood and Nould accept treataent quite 
readily. Ho•ever, a large aaount of research is required to develop an 
effective treataent progra••~. 

A 1ediu• level of treat1ent is desirable to treat the sap•ood of all 
ti•ber used in above ground situations, exposed to the Neather. Higher 
levels are required •hen the ti1ber is used in the ground, to give 
protection against decay. In addition, species Nith ~ow natural durability 
should not be used in the ground because their heart•ood cannot bl treated 
and •ill still be subject to decay. 

Course notes f~r a Ti1ber Preservation Operators course, presented by 
the Queensland Ti1ber Industry Training Council •are left with the 
Production "anager at GNHC. The need to use this plant should be revie•ed. 
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7.5 Ter•ites 

Ter•ites present a difficult proble• because they Mill still destroy 
the untreated heartMood in a building. Ti•ber houses, including 
prefabricated buildings, located in ter•ite prone areas are best protected 
by treating the soil around all foundations Mith an organochlorine or 
organophosphorus insecticide, by placing 'ant caps' under the •ain bearers, 
and by undertaking annual inspections for teraite tunnels leading into the 
building. Infor•ation is derived fro• Australian Standard Code for 
Practice, AS 2057-1986, giving recoaaended practice for installing 
effective che•ically treated soil barriers and listing reco••ended cheaicals 
and their concentrations is given in Appendix V. 

8. Recoaaendations and conclusions for part B 

A greater eaphasis on basic Mood technology and the use of 
seasoned tiaber and preservative treated tiaber is reco••ended to 
enhance the building and construction course at RTIK. This is 
essential to i•prove the long tera use of tiaber in Bhutan. 

A pilot scale solar tiaber kiln should be installed at RTIK. 

NeN equipaent and aachines are recoaaended for the carpentry 
NOrkshop at RTIK. 

The construction of institutional 
buildings, schools, etc.) s~ould be targeted 
of seasoned ti•ber. Architects and builders 
specify accordingly. 

buildings (public 
initially for the use 
•ust be encouraged to 

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

Due to operational changes in BLC the depot at Ra•tokta is 
not considered suitable for a solar kiln installation. 

Encourage•ent should be given to using the SAARC dehu•idifier 
kiln in Thiaphu for custo1 seasoning and the propos1l for a solar 
kiln should be reviewed Nhen aarket acceptance for seasoned tiaber 
has been developed. 

The principles 
to 8LC (Annex IV) 
studies. 

and procedures docu1ented in the paper given 
are recoaaended for saNn ti1ber recovery 

A creosote/oil te1perature of 90-lOOoC with i11ersion for tNo 
to three hours Mould iaprove preservative penetration in the 
t~4ataent of roofing shingles. 



A foaa type 
and cold process 
roofing shingles, 
kept separate. 
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fire extinguisher should be on hand when the hot 
for creosote treataent is being used to treat 
and the treataent and storage areas should be 

Priority should be given to CCA treat•ent of softwood 
trans•ission poles. 

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

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

Further consideration of the various aspects discussed in Part B 
reinforces the reco•aendation in ite• 10, part A, which is for Forest 
Products Research to be addressed by the Forests Departaent in the saae way 
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 forest product research and 
extension function, with headquarters ~t lava (or Thi~phu). The 
dehu•idifier kiln and the •obile treat•ent plant at Thi•phu could be used 
as the initiation of a research facility. A solar kiln could be a~ded. In 
the long run, it aay be a better proposition to locate all of this equipaent 
at lava. Consideration should be given to this alternative. 

All of this however, required 
Depart•ent to provide suitably 
difficult, in view of the deaands 
Forest Hanage•ent Project. 

a co••it•ent on the part of the Forestry 
trained staff, which at present is quite 
for staff presented by the current FAO 

Species property evaluation is being undertaken at present by Dehra 
Dun. This is a fairly long ter1 project and it will be of considerable 
help, but at this stage, there is little scope for •aking use of that 
infor•ation in Bhutan and for raising the standards of ti•ber utilization in 
the broad sense. 

It is 
planning of 
that staff 
training. 

strongly reco1•ended t•.at urgent consideration be given to the 
a Forest Products research and extension function in Bhutan and 
be selected now for appropriate wood science/wood technology 

9. Reco1•endation and action proposed with respect to aspects of ti1ber 
utilization in Bhutan. 

Section Reco11endation Action Officer 

2 Give 1ore ••phasis to basic wood tech- Principal and Head of 
nology and use of seasoned and treate~ Building and Construction 
ti1ber in building course at RTIK. RTIK 
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Construct pilot scale solar kiln at 
RTIK 

Obtain new workshop equipment for 
carpentry at RTIK 

Specify seasoned tiaber as appropriate 
for institutional buildings 

Reassess need for solar kiln at 
Gaylegphug 

Operate the dehuaidifier kiln at 
Thiaphu and review the need for a 
solar kiln as deaand for 
seasoned tiaber increases 

Publication on sawaill recovery 
studies be used for log valuation by 
BLC 

Shingle treatment be tried at 90-lOOoC 
for two to three hours. Obtain foam 
type fire extinguisher and separate 
storage fro• treataent 

Exa•ine use of treated pine poles 
for tel~phone and electricity lines 

Obtain inforaation on Lyctus suscep
tibility of hardwood species 

Review the need to use CCA treatment 
plant at GNMC 

Use soil poisoning and ant caps 
to ovarcoae teraite probleas 

Develop a forest products research 
and extension function in Bhutan 

Principal and Head of 
Building and Construction 

Principal, RTIK 1 UNDP 

Architects. engineers 
and builders. 

PND, UNIDO 

Deputy Director, BLC 
UNIDO 

Deputy Director BLC 

DFO, Thimphu 

Deputy Director, BLC 

Ger.eral Manager, GWMC 
0/C Forest Research 

General nar.ager, GNnC 
O/C Forest Research 

Specifiers, PN~ 

Education Depart•ent, etc. 

General nanager, GNnC 
Director of Forests 
O/C Forest Resear~h 
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TECHNICAL PAPER 

TIMBER SEASONING IN A SOLAR KILN 

RY 

0. K. GOUCll 

ABSTRACT 

A solar kiln or 15 cu m cap.icily has been IK1ill for demonstration and research purposes in 
Brisbane. Oucenslantl. Oclads of design and construction, capital and opera1ino cosls arc 
given together wilh drying rntP.s for a range of s1.cc:ics dried in lhc? solar kiln and for ma1r.hin9 
air dried stacks. On a fine d.iy the m.ixin1e1n1 1cmpcr.ll11rc in the kiln is ahoul 18., C 10 24° C 
above lhe maximum outside tcsr.pernlure. ThP. kiln is effective and r.an dry limber 10 below 
equilibrium moisture ..:on1en1 1n a rclalivoly short time!, The mo:;1 effoc11ve system of opcrruion 
is to air-d1y the timber 10 abou: 23 10 25 per cenl mo1s111r1t con1en1 before moving ii inlo &he 
kiln. 

1981 
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FAO. Development of S~illing, Kiln Drying and Preservation 
Research in Sabah. Procedure and Computer Tabulation for 
Graded Recovery Studies of Sawn Tilllber by D K Gough, 
J St J Williams, Syaney Chan and Chan king Hon, Sandakan 1982, 
28 p. FAO/UNOP-HAL/78/004. Field Document NQ.3. 

ABSTRACT 

This paper was prepared as part of the project started in 1981 by 

the government of Halaysia. the United Nations Oeve~op~~nt Programme 
and the Food and ~griculture Organisation of the United ~ations, to 
ensure the optimal uti!isation of timber and woo<! products in the State 

of Sabah. 

A major objective of the project is to provide infonr.ation on the 
various timber properties of the lesser-known s~_cies (those species 
not being extracted a~d used because of lack of information on their 

properties). 

The paper documents the procedure developed for doing 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 and computer tabulation 
of the data are given. Examples of the forms used, a sunmary of the 
grading rules used, a listing of the computer progranwnes and an exarr.ple 
of the c0111Puter 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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Chemicols currently recommended for soil treotment OCJoinst subterranean 
termites 

Any one of the followil'\Cj chemical emulsions is effective when applied in 
accordance with the Australian Standard Codes of Practice AS2057-1996 as 
appropriate. 

Chemical Dilution 

Organochlorine Insecticides 

Aldrin 
Ch lord one 
Oieldrin 
Heptachlor 
Chlordone/ 
Heptach!cr 

An aqueous emulsion containi1l9 59/L of aldrin 
An aqueous emulsion containing lOg/L of technical chlortione 
An aqueous emulsion containing 59/L of dielcirin 

. An oq;;cous emulsion con~ainint; 59/L of heptacMor 
An aqueous emultion containinc.; 59/L of tcc~nical chlordane 
and 2.5g/L of heptachlo• 

Organopho:;phorus Insecticide 

Chlorpy•ifos An aq:.;eous emulsion containing lOg/L or 2"Jg/L or chlorpyrifos 
(see pro~uct label for details). 

Prescribed application rates: 

• for so:l profile 100L/m3 

• for soH surface treatment 5L/m2 

These chemicals ere poisonous. R.cod ond observe Iobcl directions ond 
safety precautions • 




