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ON LAMINATED PRESERVATIVE WOOD FROM PLANTATIONVALUE ADDED
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ABSTRACT

Value added on laminated preservative wood from plantation was conducted in 2005-2009.

The properties of glued-laminated timber on various size from Tectona grandis r ,., Eucalyptus camaldulensis

Dehn. Eucalyptus camaldulensis Dehn. Clone no. T5 Acacia mangiumwilld. Hevea brasiliensis(Willd. Ex

A. Juss.) Mtiell. Arg. Azadirachta indica A. Juss. Casuarina equisetifalia J. R. & C. Forst. Casuarina

junghuhnianaMiq. were studied. Four size of them were 10x10x400 cm. (edgewise tested) (A), 10x10x400 cm.

(flatwise tested) (B), 5x20x400 cm. (C) 5x20xa00 cm. (D) were prepare to small-clear specimens 2x2x30 cm.

size (E) for value added guideline studied.

The result revealed that modulus of rupture (MOR) and stress at propational limit (r) of glulam group

(A, B, C and'D) always less than small clear specimens samples (E). Althought their modulus of elasticity (MOE)

always greater than small clear specimens samples.

Keywords: Glue laminated timber, Tectona grandis, Eucalyptus camaldulensis, Acacia mangium,

Hevea btasiliensis, Azadirachta, Casuarina equisetifolia, Casuarina junghuhniana,value added
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s rJ:snr: noo dttLt:nn:ounqrue.irnfiluue.iul#udnvfiuld arrLr:orir'lflzuurqrdnilrldriluhirJ:vfilln:'ra#r.r

turnirnild dlrut:0lruyrtusionrrruSourrnyolyllrnn'irln:sa#r,rnrfinluturqrdu:fiu'ld arlr:014'tr1iifi

nrrruttfiltt:.rEirruril:vfiu1uiaqfifin'rrrurrfilrr:l'ld rravarlr:nrJq^rifr (treated) siol#rreiasfiu tfioflo.rfiu

ni:11 (decav) ld l#fiu^ururirrrrrirrflul#rJ:yfi'rln:.ra#r.rfinrsrfJu'l#du',r',oa.rrJr ffrtun9ldldti',o'tt

finurlrlrJ:vti'uln:laixorn'l#arurlr do dn (Tectona grandisr.r.) qnrfirJd'anrruraqraufia (Eucalyptus

camaldulensis Dehn.) n:vn^utvlil "t (Acacia mangium Willd.) U1.iyn:t (Hevea brasiliensis (Willd. Ex

A. Juss.) Miiell. Arg.) gnta^rJ6'a ntrLraqraufia arurfi'u{ T5 (Eucalyptus camaldulensis Dehn. Clone no.

T5) dsrql (Azadirachta indicaA. Juss.) duylvta (Casuarina equisetifaliaJ. R. & C. Forst.) travauil:vfirft'vrf,

(C asuarina j unghuhni ana Miq.)

dnoqjlur.rd Leelerna #ndurflunqjlurJruill0n::a{mr{n'rnr}ifio ur{ii?u1ro{rt'lnnat{

nrnflviunn rtasRrnnsiuoonrfi0.:rilu4o ,itulrinulrln4u',oqo nlt zorrufl: fnrud'nluluqq3ou

cirduuJnrn:{ q{r,vqn lnup{urfluq*uur'-,1 uJa^onfirirnroilurnr frlurdurrurnlrql oontutat6n
4drrfrtrrura oonrtludolrqjnrrurJarun^.r ruafirurprrJ:yil'riu z rryusr^uJer: uJ6onrr{.rnrulufiril6q t-z nrdn

a'rrfurujobirilufirvrdorvrowrioriirlu ,dorrro ,uiunu,u ilarnruonfn'hivirarer rrio{ornfiat:
s aa

v{?ntmfl tnnruuog arilr:rrrdounir'lanusrlrrsilrray#nrlrld'l'ru arrur:ofilrrasoltrflrn?rdrun:vttaolnlfl'lrl

iru tr#{rf r fiurrurun'ruonur::rrrror^qr noo il:yruru t1-18 fl qvrn^rravnu v (2547) 16'aqrJqoraruri6

to.rlfldnlidr hifrnfirirnrrruuilufin.'rudu rz nJofrdud rvirfir 642-6s0 fln/il3finrrilrirso"rtnrs

0.83 n'r:14etslrd'rufnfi 1.08-z.sz uJoftdua{ nr:r.rq6'rdrudruria 3.05-6.36 rrjofrdupi rirnaarurisr^lu

Figurel kctona grandis L.F.



dnl?utt#': n"o ritruoqd'attnn#tl (modulus of rupture) ruoqd'adnnrju (modulus of elasticity) rr:ld'ottururfiuu

(compression parallel to grain) ttavtt:{ldou (shearing) rvirfiu 100 1,039 49 rrov 14.6 rilnyrhdnta atilci]d'u

ttasfinirnrrruttfil (hardness) 4,864 u^rd'u d.rfi'qld''irllldnfifiorgrurn rflu\#uforr{rnrrururn:grun:1rJrlfl

(il:.:n LLdynilv,2528)
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d d ^^^^^ d &rt-"| qt-a! A d d v d ! v

ol01jtilafl 100,000-200,000 tunq/nn. ttlo"lftiludritnrarrer'r rfioavrouetrilu:iu rrfil rfiuuau ur{nf.ru'q'lil
o I o O 9o ta v q - odoonrilalr{u vrrlf run-rJirrflnirfl?rii'{0rnn'r:efqf,uar dndfrryflrravntuv (2550):rrr{.rud.r 1#gnr6r,Jd'anr

rutaqtnufidotq l0 fl ornnrnnvl-uoonvridnr?vn?rruTA'u tz rrjofrdusi firirn.rrrurrulJ 1,012 nn./il3

nt:ilergi'?ertltttu?;fllJ^ entJrtu?dilr'ia rravd'ruur?arilrru?rfi'u.u rdrri'u 6.42 g.20 LLav o.:s rilofrduei
q]run]eu runrn:rruSufllnrrurn zz t:Joitdusi nrrruci'xifrtnrv o.qo rirudrnaarurifi do rirrLoqdcrrnngrr

oAta:Ars
iloqaduqHqu tl:{o91julutriuu ltavtt:{tqou tYirrlu tOl 10,540 59 rrav t: rrunvilranra nrrurirETl
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Figure 2 Eucalyptus camaldulensis DeIn.



gnrfi:JrlanrilraqtauGa arurft'u{ rs rfluarufiu{gnra'rJd'anrruraqrau6a fir.irunr:riqrdonilrudr
j y A * o io

tfrondrfr.rilnEirfitEan'ir "gnrfirld'a'l#:tnruh" Jnuilrornildnnr:rflrufi'ufrfrvlorerif;nr:'6iorfiurilfl (asexual

propagation) darrur:r,rir€rYloqd'nuilvnxfi'uqn::ru0tndurnjrffuftrJqfi,rfi'ufd'ulrriodr,r'5jru^nr:fl^nrfi'uu

IorugnrfirJd'dnliltaqtnufr-adutr:nornrrfforudir.rludrmosrvrirrJr ,fi'.riliqfi'{{r ldflnr:ri'prraoonrurrflu

d'utnhfi'ufgnrn^il6'anrrutaqtauGa arufru{ rs uassiorJr'l#aror{'urfdrflufiffrngn'vfinr:rJqnfiurLrndu

n:vo'ulvtt'l'lo{lur.rd LEGUMINOSAE r.:deiou MIMOSOIDEAE il'naurirru^ersrurl::ruryrsr^lu

ignriuatrauri il:srilsooatsr:tdu 6.rfranrnlnd'rfiu{fiuilre,^udu qnrhhJr.Jqnlufgvrurri il:yrmsurra16u
truaoil il.q. zsog 'l#ryu^prdfin'tloirytst^uJn6rurnluR'r:yrerCIo.rrJqnrflua.rurJr llin:vfiurnnr finrrruqrff,r :o r.
ttovrdunitqutinar.:rirr{u 40 qril. ryrrrrirflu,;;d;;rrn;#'rllqna#r,raru:Jrul#n:vn^uryryrrodlo?.:o',r

trsirJ:vrvre6ur fi1d'rir1flsfit'dltJmrao,:rJqnudrniufi'u 6o rJrflru^efifi rfioTJ u.fl.zsrzruilrn iJ u.q. zstg
fld:Jfludfl vr.e. zsz: o^ulqfirfiu iJ v.fl.2s23-2sz+ uavlilu il u.q. zszz rrnnr::lu.rrunlrudrrforo.:
nr:ilqao{ilqnhirfindluraruil:vrvroaqr.lld''jr nlfln:vo^uryrilroynarurflul#vr^finrrpdrrirgrurnluqru^nrn

trnfou n:vfiurmqrnsutaadnanriltflun:flrurn (pH +.2) rflull1fifi#nuarvrirdun:luov'hiriouuflnfiu,,nr.,I 4 4r " ilufi:J:rgtrnfitrlrutnoounfqvu*rruour',uq.rnio"umu*uoo"'nn:vfiurnurdrrur:oa^nfi.rnal?fi0 us?{ljo{a'l{

'ldro.rsrrrul::usrst^Iqufilrirurixovvtuourt#.:flruhJd.rrrriorgfi.rrlou vr:r{ruovr:Jduurriln{'lilflruanrflrpqdo:J
A o il 4 ra * 

o

tru-ootgrurnrirduovfinJdonttfiluur t:treuosusrntfluisrsnilur? n:vn^urmulfirndwonorRgrSorluril frh
rtuuluruaru 6.rrflulurrri' luejoufrd'nuarsndrulurorpflun:sfrurraynouuu^erdu1 luxddou MrMosorDEAE

t ln d I q rn ,< 
^ Jg aou1{[:flnlilralornlonttdr nru]u'[rjfrorvrsrridun:viluryrnros'lilru'lurrri6n rrsiovn^lurfieru (phylode)

4^...-^^.-P--v ^ d q 4 !o-iluttnundrurYln:vtt-uu:lri lurfruilfifidnuarsrflulurdurfirdulurururi'urtavorofiturqlfl6{ 25 x t0 exrJ.
g^^.-.-.-.--61--.4. J"o, 4 r h9 a i d rt a ^. zd'nuarstol"hrfiurufirirlt?n:vn^utvntrqttnnrirrnrn"tflsueo-ulur.rddoerdurfi'u :.r1d.r Acacia vu^noiu1 dru

tdtiayoqonrilueiorfrlaq (spike) urril:vruru l0 cril. il:ynoudtuoronrdnl rfluiirutururn fifirrrrufi.:finiru
J

n1:t'ldtJlo.trna:riurrlilodrtsruarurtuurlttp{u rrsinr:narurnd:rruuntulue{urel^urd'ufftfluhjld'rsun-u
d a d uh I

tttdnfrnr:t?urel"'?'[ilnrruerirro':iln flnrtrifiutrErrarirrrayfrn.:o r{rurflun:y0"n ,rful*lnrro^urmvrroyfi

Figure 3 Acacia mangium Willd.
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Figure 4 Hevea brasiliensis (Willd' ExA' Juss') Miiell' Arg'
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Figure 6 Casuarina equisetifolia I. R. & C. Forst.
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Figure 7 CasuarinajunghuhnianaMiq.
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{q{

4. nrrirnrrrusixiittnrs (specific gravrty) .

ra d I .aa '-rorfi'lrludavdrJquldi6mndounr:rri1fiuro{donrirrq6urfiuufiu,,+.5 11l:riltrmflunlml{dCI9t10{ntn?[a1Jm tqunaun't t9ru tT?rvt9rd0unl:tm1nu10{do{9r'ltqautmuunl

lurirqararuri6usinsrirro.rl#d'rodnsinl rfiorudav{luhidrodrrvu^etdurfiu .-
='

F

Figure 8 Samples surveys, selection and preparation for structural glulam.



Figure 9 Samples testing by 200-tons GINruS OLSEN modelAD RECORDER at Faculty of Engineering,

Kasetsart university.

Figure 10 Samples testing by 3O-tons Testometric MICO 500 testing machine at Forest Research and

Development Buteau, Royal Forest Department.



'.. ?

9{Anr:flflu1

nr:q^nurln:{nr:i,fi'e,r*ou,*^ruryonr'lriarur]rrflu'lfl:J:saruu''uu*',u,orn'lrlarudr 8 vu'er

6'rna'rrrurrrdr 6.rriluhirj:vfiu]n:raixrursrn{t rur ttavur? 10x10x400 vil.lqul#tr:.r6'rudu (edgewise)

s oil 9)(A) flurfl 10x10x400 ryil. leunr:lftt:rdrutttlu (flatwise) (B) 1u'l9l 5x20x400 ryil. (C) 1lJ191 5x10x200'ril.

(n) rfiuufiunrulun{ru rravrfiuufiufirodr.r'hlsrrrutn:grudrnqu do tiller 2x2x30 ryil. (E)'ldr^ranr:finur d'.rd

(Table 1-16)

r.'l#rj : v ffuln : s a#t r o r n'hi#n

1. ruoqffarrnnirr (Modulus of rupture : MoR) to.r'll16'redri Efi A B C D ttas E rvirfiu 79.3 80.0

60.2 88.5 uay 103 rrunsilranro fl?o eog 816 614 g0zLLav 1,005 Rfl/ryil.'nucird'l rfionjtuurfierurirtot

d'rodxrrsiavqnrrd'r rJ:rng'h qa A B uav D nrl'ir'hifinrutrnnsixfiuvrr.rafifi rirunr:rfrul{du1 vlu'lr

finrrruusrnsir.rri'uodxfiriocirn'qrravfiriorird'q8.r rirruoqd'atrnngrrto.r'l#il:vrYuln:la#r'rovfrriril:vrutat

oo-gs rilofr6upi zuo.rrirruoqd'arrnn#rrto{1#6'rodxturflrdnrJ:rqotnsl"rmu^ (p) drunt:tfiugrJzuo.:ri'rotir.r

nio , q, oyrflunt:rfrugill::tnr (simple tension) ttcvtrlufi'nrlu,duu (cross grain tension) fi.:d'rodr.rhi
!dr

0 sn nfl 1lJrtu?tcYuuill nfl ?lFlltJttu?R1?

2. ..lu,oiuojfiorirffordugil (str"., at proportional limit) clos'l#ei'rodt{ Eet A B c D ttav E

firirryirfil 48.g 59.3 3i.g 62.2LLav is.zrilnvilranra Hio +qs 605 386 632LLav 767 nnt"tu.' nrildrd'il

trujorfiuurirri'uud':r,ryir nr:6'uq'rir.:1 arulxqifin'rrrurrnnsit.rri'uvttrd6'st^ rltaottrdEr:tci':utolnrrrutr{u
io o d a r d v t v 9 Vl 9u , J - I v t d I t

frilqiirn'nfru;rJrfrutriurirruoqaarrnn5rr (MoR) ror-lnsrrou'rwr{ 5 Eer l.^{rl?'r 0el:1d?ufl0.1 r tJnllJ:stJlil]
t 4 d ' fiu'ir'lflrJ:vfilln:.:a#r.rfisirlnr:dnru{u (elastic range) dfitilqo60-85 lilo:lryUn 0u[1

3. ruoqffadorneju (Modulus of elasticity : MoE) to.r'h?sTroejr{En A B C D tra& e firirtvirriu

15,000 15,300 15,300 14,400 [[au 13,900 runvilrenra xio t5s,oo0 155,700 156,100 146,300 ttav 141,800

- A 14 a , ju/ @ I - I l,l rd I aas 6l

nn/ryil.2 strrucird'u rfiorrJEuurfiuudrfr"ldro.roi'lodxqn A B ttav c vru'jr'lrifrn:truttsrnsixmtan^st-fi'unru'tu

nq'rL cirunr:rfiuilrirXu{du1 frnrrilrrerfleir{r:'uodxfiriflGird'rg6{ 1l1il:vfirlln:.raitr noo qotA B c ttav D

ru^d'n:rarurirrloqd'aderu{uoioruoqn-errornir? (MoE/MoR) rJ:stror 160-200 rras'l#d'rodr':turn16n

rJ:rsornairufi (e) fi rir6'.:nrirr:J:vruriu i30

4. nrrrurrilu ro{'hisr-rout.rufl e B c D rlav B rvtln-u 617, 5g0,581, 643 ttas

602 nn/ryil.3 nrruGird'u
t o l^9v I t v5. narilcrassirrrrry ro.r'[fd'todr'rqq a B c D rrav B rvirri'u o.so 0.55 0.55 0.57 ttav

o.s+ srrrurird'u '
X vt)a r - I v6. n?tilT-ul,iusnerdou zuol"lrid'rotjr{qa A B c D rrae B rvitri'r tz.t tz.0 11.0 11.4 trav

r ld d o v
1 l -7 rljO:tcrun fl'tilot9lu



Table l. The properties of glue-laminated timber and small clear specimens from Tectona grandisL.

Type and size
Specific ,, Denslty at test o/"MC

gravity (kg/m) at test

Strength (M.Fa)

MOR r
MOE

(Mpa)

Glulam 10x10x400 cm (edgewise) (A)

Glulam 10x10x400 cm (flarwise) (B)

Glulam 5x20x400 cm (C)

Glulam 5x10x200 cm (D)

small clear specimens 5x5x100 cm (E)

0.56

0.5s

0.55

0.57

0.s4

6r7

590

581

643

602

12.1

t2.0

11.0

tt.4

tt.7

79.3 48.9 15,000

80.0 59.3 15,300

60.2 37.9 15,300

88.5 62.2 14,400

103 75.2 13,900

*

Table 2. Mean comparison between

specimens.

groups of Tectona grandis L. glue-laminated timber and small clear

Comparison MOR MOE

A-B

A-C

A-D

A-E

B-C

B.D

B.E

C-D

C-E

D-E

NS

t{<

NS

**

t<*

NS

*t

**

**

*

NS

NS

*

**

:F*

ns

**

:t:t

:f*

*

NS

NS

**

**

NS

**

**

t<*

**

**

(A) : 10x10x400 cm. size of glue-laminated timber (edgewisetes| (B) : 10x10x400 cm. size of

glue-laminated timber (flatwise test) (C) : 5x20x400 cm. size of glue-laminated timber

(D): 5x10x200 cm. size of glue-laminated timber (E):2x2x30 cm. size of small clear specimen

(ns): oott-ttgnificant (*): significant (**): highly significant

Remarks:



z.'l lirJ : v ffuln : s air s o r n'l #g n 16 rJ fiaEr r ru r a q r a u fi a

l. ruoqdaunn#rrto.:'hlsTrodrrqnA B c DuavBrvirfiu6l.6 63.8 67.7 6l.0rrav 106runvilrcnra

uis ezg 650 690 693 rtau 1,080 Rfl/eril.'nrruG{rei'il rfiorrJTerurfiuurirnr{afror^ro,:nirruoqdarrqnirr

lo.tttsiavvel nu'jr qnr A B c ttnv D rfiurLrtriavq'rtd'rhjn'n'lrilrrsrnsirlri'uvrrlafifi aruqor B ovfinrrru
r v 

^a i , ottnnsirlriuvtr'raddotnqndul rirruoqd'artsrnft':to'r'lll:J:vn-uln:lairlosfisiril:srurnr eo uJofrdupi
rvg

tolritruoqii'attnnfr:tor'h1J:rnornpirru^ nr:rfiugrJto{l:?il:vri'uJn:raflr,rrorgnrn^rJr;anrlrnqrau6a

ttuurs:lletlttoctruust'ltJ,,ulduu rEiutdurfi'u'h?rj:vriuln:lair.:orn'lridn rrsifinr:rraflntiluu?nr:rurnn.ir

6'rrr:.rd'.rnrirlflurr:{rqoou (shearing) firfiprsrourJnruror6"rodr.:l#fidrnr:mac{ou

2. nrrrurd'ufifioriirfi'ordugrJto.:1fld'rodr{EerA B c DuaeErvirfi'u sz.2 46.8 47.s st.suovs9.8

trunvilranra uio szz 477 487 szs LLav 610 Rn/ryru.2 strrJ€ird'r hi6'rodr.rqetrituluql rv'hifinrrrurrnnsi^
.aau !l tu , j , y <'< o u A I Iil l.ldo eln u-tf otro dtlqno-.u rirn rrrutrf uvr fr o iirri'srn^ug rJriorirruoqii'arrornirrror'lrftJ:yd'uln:.r aflr.r

(qor e B c ttav o) finirrJ:srutiu 70-85 uJofr#uri uavrir6'rncirrrirfiqtor'[ftJ:rsornsl'rrfi (p) firiril:srurnr
r dd d

55 [1J0:rlrua

3. ruoqd'a6otr{uto.:1#d'rodx qnr A B c D uas n firirruoqii'a6orn{u 15,400 16,600, 16,s00

14,800 ltae 12,800 trunvilranra uio 157,100 168,800 167,g00 151,000 rrae 130,300 nn/ryru., srrruritd'u
Vtlv r '
lfld'rodr'rufl A B ttas c rffo{'u{fiurrd'r'1ilfin'rriltrflnsir.:fiumrrdfier^ nir von sio uon rraydrotjxyer A B c
rray D fi,irrJrrul* 220-260rravro.r'l#6':ocir.rqn e il:srniu tzo

4. nrrrutriluhld'totjr.rEorA B c D rrav B firirnl:rrniu rvirfi'u 1,055 1,059 1,080 1,051 rrn& 1,033

nn/ryru.' srrrurird':r
+

5. nrtilrixiirrrrv'lrlsTrodr.rEe A B c D ttav g rvir6'l 0.gz 0.g2 0.91 0.90 uas 0.88 Errlrird'u
' o 

" 
, o- r6. nrrrudutuvrirnr:mnaouto't'[fd'rodrrEpr ,q. g c D uay e rvirri'u r+.+ t4.3 t3.g t3.j

I 4d I o u
LLAV 14.2 rlJO:t9run ntruarot



Table 3. The properties of glue-laminated timber and small clear specimens from Eucalypns calmadulensis

Dehn.

Type and size
Specific

gr*"fy

Glulam l0xi0x400 cm (edgewise) (A)

Glulam 10x10x400 cm (flatwise) (B)

Glulam 5x20x400 cm (C)

Glulam 5x10x200 cm (D)

small clear specimens 5x5x100 cm (E)

0.92

0.92

0.91

0.90

0.88

1,055

[,059

1,080

1,051

1,033

t4.4

t4.3

13.9

t3.7

14.2

63.8

67.7

68.0

106

6t.6 52.2 15,400

46.8 16,600

47.8 16,500

51.5 14,900

59.8 12,800

Table 4. Mean comparison between groups of Eucalyptus camaldulensls Dehn. glue-laminated timber and

small clear specimens.

Comparison MOR IAOE,i;
.:r : ,ri. . 'l: :1::

A-B

A-C

A-D

A-E

B-C

B-D

B-E

C-D

C-E

D-E

(A) : 10x10x400 cm. size of glue-laminated timber (edgewisetesO (B) : 10x10x400 cm. size of

glue-laminated timber (flatwise test) (C) : 5x20x400 cm. size of glue-laminated timber

(D) = 5x10x200 cm. size of glue-laminated timber (E) : 2x2x30 cm. size of small clear specimen

(ns): ooo-.'gniflcant (*): significant (t'*): highly significant

ns

ns

NS

{<*

NS

NS

**

NS

**

**

ns.

ns

ns

NS

NS

NS

*

NS

NS

NS

NS

ns

NS

*

NS

:8

x<

*

{<*

**

Remarks:



r.'hirj : v fiuln:s a#rs o r n'l#n: v 6 u rvr vn
a I ln9u I r uI .iloqndltfln:]?lto.ltrJer?0u]{ u9t A B c D tlau E rvtlflU 75.1 71.9 50.7 81.4 rrns gg.5qc

t4oeA,<dtvrrtilnuilldfl]a Y10 766 733 517 830 rrdu 1,005 nnle{u.2 alrua]gtu t:Jotil5uutytflun110{91?ofl1{rrgtasqgt

tr6'uJ:rnq'jl Eer A B ttav n'lrifinrrrurtsrnsixfiuvn'rdfi6 drunr:rfiuuq'du1 nuirfinrrrurrsrnsir.rriuodx
4q o q as o q i t a
iluudrniUttasuutJdrniUU.r nriloqndttsrnlrrtor'hhj:vd'uln:.raflr':ovru^rir:J:srLrnr so-so rilofrdueiuoq

t u M)u I d I o a - - I d 
u

lro.rririloqii'artsrnfrrro':'lriri'?oul.rrurarfinrJ:rgornsfrilfi (E) nrunr:rfiuqrJto.rd":odr,rd'.r s qotq

dt^r-!A-i,
0vtilun'lTrdu:ilI::il4'l ltaulrulJl.lfl9lltJtdull ctr{iln0uttqnnlilrlu?lciuuillnn?19t'llJltu?n1?

q

z. nrrrurdufifiniirfi'ndugrJre.:1#6'roejr{ re A B c D rray E firirrvirfiu 56.8 58.0 38.s 44.8 rrav
rd

55.0 rilnuilldnla ffro 57g 5gl 3g3 457 rrnu 561 flR/ctril.2 srrrucird'u rfiorfiflildrri'uudr vru'ir rq A B rray
c

e rfiou'il'rq'fi'unrolun{rufinir'lriunnsixfi'umxafifr aru{oiu1 finovfinr1ilunnei1{ri'uodr.rfiriucirfiiyuav
u o v :, i v I y ,'

riu6frri'iut-.r tfrorrd'qr:rarutorn:rruuiufifiedrri'fldu;ilrfiflufi'uriuoqd'arrErnfir (MoR) ro.:'l#rfi'rodrq
{qu,

a.rrflu'l#rj:vfi'uln:.:aix d'sr:rdruto.r r finirilTyrJ'r€r{ ss-so rilofrfiupi ro.rril MoRE9t A B CrrosDry
I r,u I i 

flud'rodx'lr1firj:rgornsl'rilu^firird'rncirrrj:vrurar 55 r:Jofrdusi' oyr#u'irl#rj:vri'ud?u ttJgt?oul{ E cr{t

s 9 dr 4 r ior t I
tn :{ d:'1.1 lJ u?{ n'l: u9rfi uumun 1n0 u1'l{ dilq{

q d I Ul Yu I 4 r r q3. ilo9ac{sailqux0{trJ9r?oul.rqq A B C D tlas E iln]Iil1flu 16,700 16,100 17,100 11,600

rrov 11,100 rrJRsilranrn uio tzo,oo0 163,700 174,600 118,500 rray 113,300 nfl/ryil.2 nrrurirril

6.rd'rodr.rqn A B rrae c ovfirir tvtoe fifinrrilrraneir{yrrrafifiornqn D rrae n 'll?rJ:criuJn:.:aixfiduhi
I

:J:snuri'u 4 fu noo qq A B o n'ri'sr:rarunirruoqd'adetu{urioruoqii'arrornfl1? (MoE/MoR) il:vrurnraq

140-2201#:J:vfi'uln:rair.rfivul#rJ:vnud'u s #u (c) finirfi'.:nrirril:vrurar :+o uav'l1?d'roeixil:rarrn

eirrfi (s) firirdrnciruj:yruriu t to

4. n?rilrriluro.rhi6'rodr.rra A B c D rlay Brvirfir zosq

5. nrrrucir.riirrv{ru1Jo{l#d'rotir,rqer e e c D rras E

srrilcir6'u
I

6. n?rusduflo{&yrfidouro.rl#n"rotir.rsq A B c D
r ld d o v

ttas 16.0 lljoTtcrun n]ila]qu

752 758 750 rrav 683 RR/ryil.3 srrrucitd'u

rmlnu 0.66 0.65 0.65 0.65 rray 0.57

ta
rrav E rm1nil 15.2 15.5 15.8 15.2



Table 5. The properties of glue-laminated timber and small clear specimens from Acacia mangiumwilld.

Type and size
Density at test o/o MC

(kg/m) at test

Sfrength (Mpa) MOE

MOR (Mpa)

Specific

gravity

Glulam 10x10x400 cm (edgewise) (A)

Glulam 10x10x400 cm (flatwise) (B)

Glulam 5x20x400 cm (C)

Glulam 5x10x200 cm (D)

small clear specimens 5x5x100 cm (E)

0.66

0.6s

0.6s

0.65

0.57

76s

752

7s8

750

683

15.2

15.5

15.8

15.2

16.0

75.t 56.8 16,700

7L9 59.0 16,100

50.7 38.5 17,100

81.4 44.8 11,700

98.5 55.0 11,100

*

Table 6. Mean comparison between

small clear specimens.

groups of Acacia mangium Willd. glue-laminated timber and

Comparison MOR MOn

A-B

A-C

A-D

A-E

B-C

B-D

B-E

C-D

C-E

D-E

ns

**

NS

**

**

ns

**

t<*

:F r.

:F*

NS

tF {.

:t*

NS

**

:F*

ns

NS

**

NS

ns

NS

**

**

NS

**

**

**

**

ns

(A): 10x10x400 cm. size of glue-laminatedtimber (edgewisetesO (B): l0xl0x400 cm. size of
glue-laminated timber (flatwise test) (C) : 5x20x400 cm. size of glue-laminated timber
(D) = 5x10x200 cm. size of glue-laminated timber (E) : 2x2x30 cm. size of small clear_specimen

(ns): oon-ttgnificant (x): significant (xx): highly significant

Remarks:



l.'l#rj:sffiln:raixornnl#stsrnlr:r

t. ruoqd'auornirrto.r'l#frrodr.rEorA B c DrravBrvirfi'u 41.3,24.5,33.5,30.8ttav64.8trunvilranra

uio qzt zsl 342 3t4 nay661 nR/ryil.' nrrua'rd'u rfiouJ6uilrfrsrdrzuorfi?odr'rrrriavqerrrdrrJ:rnq'jr
d d ju ,a t v aa r 4 r4- -.-,--r-4-- @ t d q o q

firfiulqer C rrae n fr"lrifrnrrilrrnneir{num]{dii$i d?unrrtlruuQol-rdl vul?trin?tiltlnnal{nuoul{}Juudlnil
d@ o a j t a . I vlil t u s .il

rrayiluudlniUU.r nriloEaryrreln:1?ro{ nirJ:vfiuln:rait.rosilrirrJ:vlrnr +o-os nJofrdupito.rriruue;o

rrflngr?ro.r'[ifr'roeir.rturprrdnrJ:rqo'rnu,r","u] ,", Orr.,tr,fiu;r-lnuu6':odxrf.r s qot ovrfluo'.tr,fiugrJurrur'.r

A - r ht | | -:.dl gr r o dt l-tlt 0 v t tn n n til : o un o n'l ? tJ'l R fl ?l9l 1 tl t tu ? tdu u

2. nrrrurdufifiniirfi'nn^ugrho{'l#eTrodl{Ee A B c D uas E il'rirrvirfir zt.s t3.4 16.9 20.r

tLav 42.5 runvrlranra uio zzz t3i t72 zls rrav 438 fln/sil.'z srtrucir6'r rfiorfiuurirfiuudr vlu'jr qer n

4r-itvA-r----..!---ee^^"-9-4^.-^i,-d-.^.:^,4^^,^^*,
frnrrruunnsirlriuornqordul odxvorrou utovron:rd?ut0{n?'lrutnunrlnornnnu?iltYluunilnlil0Ead

rrsrnirr (MoR) ro.r'lr?d'rodr{Unqn 6'fl:rcirurro.r , finirrJ:vilra{ 40-6s nJofrdus{ tolrir von osrrfu'jr

tnlu r d r A I ia t t Y'hier'lo 
ur{tJry?{ R1: uail quil il nlnou 1J1{ q{

u A r Ul gq r d t t u
3. uoqa'a8orrqu ro,r-tfdrodrlgn A B c D rrau E ilnrrilrflil 12,700 12,800 12,300 10,000 tlav

8,200 rrunvilrdnra mio tzg,goo 130,300 125,000 101,800 ttav 83,600 nn/ryil.2 srtrurird'u 1#rj:vfiuln:{dgtl

n^o got A B c rray D fidsr:rci':urirruoqd'adnu{urioruoqd'ausrnirr (MoE/lvIoR):J:vruru 300-500 rrav'hlfr:

odr{il:reorncirufi (s) firirdrnrirril:vruru tzo rir MoE to{6'?odrrqerA B ttae c ovfinlruttsrnsixodt.rfi

- o- A
u0dlniuu{olnqq D ttav E

4. n?rilrrilu ro.rlllfrrotir{uer A B c D [rav E rvirriu 693 677 648 663 Lnx 5i7 nn/ctril.3 qrtucird'l

5. nrrrurirriirrilrs roq'l#ui'rud'roqro u c D tras B rvirriu o.sg 0.57 0.{6 0.57 ttas 0.49

srrrurird'r
I

6. n?rils^urarvyrndorJ rorl#pi'rotjr{Eer A B c D rroe B tvirri'r tz.s t7.z 16.0 16.8 ttau

r dd I o v
16.6lil0:lcrun n]ilalflu



Table 7. The properties of glue-laminated timber and small clear specimens from Hevea brasiliensis

(Willd. Ex A. Juss.) Miiell. Arg.

Type and size
Specific Density at test ,Yo MC
gravity . ,, (kg/m3) . :, , at test

Strength (Mpa)

"MOR

MOE

OIFa)

Glulam 10x10x400 cm (edgewise) (A)

Glulam 10x10x400 cm (flatwise) (B)

Glulam 5x20x400 cm (C)

Glulam 5x10x200 cm (D)

small clear specimens 5x5x100 cm (E)

0.59

0.57

0.56

0.57

0.49

693

677

648

663

577

17.5

17.2

16.0

16.8

t6.6

41.3 2r.g t2,700

24.5 13.4 12,800

33.5 t6.9 12,300

30.8 20.t 10,000

64.8 42.5 9,200

*

Table 8. Mean comparison between goups of H. brasiliensis

timber and small clear specimens.

(Willd. Ex A. Juss.) Miiell. Arg.Glue-laminated

Comparison MOR MOE

A-B

A-C

A.D

A-E

B-C

B-D

B.E

C-D

C-E

D-E

**.

:F:fi

**

1.*

**

**

*. {<

ns

**

{.*

**

**

ns

NS

t( r<

t{.

NS

t*

**

**

**

*

NS

t*

NS

*,{<

{<*

ns

**<

:l<*

(A) : l0xl0x400 cm. size of glue-laminated timber (edgewisetesO (B) : i0x10x400 cm. size of

glue-laminated timber (flatwise test) (C) : 5x20x400 cm. size of glue-laminated timber

(D) : 5x10x200 cm. size of glue-laminated timber (E) : 2x2x30 cm. size of small clear specimen

(ns) : non-significant (*) : sienificant (**) : highly significant

Remarks:
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Table 9. The properties of glue-laminated timber and small clear specimens from Eucalypns camaldulensis

Dehn. Clone no. T5

Glulam 10x10x400 cm (edgewise) (A)

Glulam 10x10x400 cm (flatwise) (B)

Glulam 510x400 cm (C)

Glulam 5x10x200 cm (D)

small clear specimens 5x5x100 cm (E)

0,7r

0.72

0.68

0.75

0.85

79t

808

763

842

965

11.8

t2.t

12.5

12.7

12.9

36.9

30.8

82.7

41.1 22.5 14,600

46.6 23.3 12,600

20.5 14,400

t7.9 10,300

51.6 9,900

t

Table 10. Mean comparison between

glue-laminated timber and small

groups of Eucalyptus camaldulensis Dehn. Clone no. T5

clear specimens.

:.tr:,::::::: i !':.. ;::li:i l:l :::: -

lft;:j:tMgq.

A.B
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A-D

A-E

B-C

B.D
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:s
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:l<*
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:* rl.

NS

:,
I

l

l
:

(A) = 10x10x400 cm. size of glue-laminated timber (edgewisetesO (B) : 10x10x400 cm. size of

glue-laminated timber (flatwise test) (C) : 5x20x400 cm. size of glue-laminated timber

(D) : 5x10x200 cm. size of glue-laminated timber (E) = 2x2x30 cm. size of small clear specimen

(ns) : ooo-t'gntficant (*): significant (**) : highly significant

Remarks:
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Table 11. The properties of glue-laminated timber and small clear specimens from Azadirachta indica

A. Juss.

Glulam 10x10x400 cm (edgewise) (A)

Glulam 10x10x400 cm (flatwise) (B)

Glulam 5x20x400 cm (C)

Glulam 5x10x200 cm (O)

small clear specimens 5x5x100 cm (E)

0.72

0.74

0.74

0.77

0.76

811

84s

835

876

863

t2.5

13.5

12.8

13.2

14.0

87.3

74.0

38.9

60.2

t07

49.4 17,700

44.9 16,400

28.t 17,500

37.5 13,200

6r.9 11,700

Tabte 12. Mean comparison between groups of Azadirachta indica A. Juss. glue-laminated timber and small clear

specimens.
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t< *<
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**
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t(

t< t(

**

**

NS

(A) = 10x10x400 cm. size of glue-laminated timber (edgewisetest) (B) = 10x10x400 cm. size of

glue-laminated timber (flatwise test) (C) = 5x20x400 cm. size of glue-laminated timber

(D) : 5x10x200 cm. size of glue-laminated timber (E) : 2x2x30 cm. size of small clear specimen

(ns) : tton-t'guificant (*) = significant (**): highly significant /

Remarks:
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Table 13. The properties of glue-laminated timber and small clear specimens from Casuarina equisetifolia

J. R.&C. Forst.

Glulam 10x10x400 cm (edgewise) (A)

Glulam 10x10x400 cm (flaturise) (B)

Glulam 5x20x400 cm (C)

Glulam 5x10x200 cm (D)

small clear specimens 5x5x100 cm (E)

0.92

0.88

0.90

0.91

0.91

r,057

1,002

1,027

1,014

1,029

t4.3

14.2

13.5

14.0

13.4

136

ll9

105

62.2

r27

101 34,900

97.4 30,500

63.9 33,200

43.9 20,000

75.6 14,400

Table 14. Mean comparison between groups of Casuarina equisetifolia J. R.&C. Forst. glue-laminated timber

and small clear specimens.
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(A) : 10x10x400 cm. size of glue-laminated timber (edgewisetest) (B) : 10x10x400 cm. size of

glue-laminated timber (flatwise test) (C) : 5x20x400 cm. size of glue-laminated timber

(O) : SxtOxZ00 cm. size of glue-laminated timber (E):2x2x30 cm. size of small clear specimen

(ns) : rron-r'gnificant (*) : significant (**) : highly significant

Remarks:
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Table 15. The properties of glue-laminated timber and small clear specimens from Casuarina

junghuhniana Miq.

Type and size
Specific Density at test Vols'dc

gravity (kdm) rat test

Strength (Mpa) MOE

:MOR (Mpa)

Glulam l0xl0x400 cm (edgewise) (A)

Glulam l0xl0x400 cm (flatwise) (B)

Glulam 5x20x400 cm (C)

Glulam 5x10x200 cm (D)

small clear specimens 5x5x100 cm (E)

0.85

0.85

0.86

0.90

0.92

9s3

951

963

1,023

1,039

12.6

12.0

1 1.5

13.3

13.0

109 90.9 39,300

1 18 53.9 48,800

62.9 35.5 23,900

80.6 49.6 20,000

143 75.0 14,700

ir

Table 16. Mean comparison between groups of Casuarina junghuhniana Miq. glue-laminated timber and

small clear specimens.

Comparison MOR MOE

A-B

A-C

A.D

A-E

B-C

B-D

B-E

C-D

C-E

D-E
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(A) : 10x10x400 cm. size of glue-laminated timber (edgewisetes| (B) : 10x10x400 cm. size of

glue-laminated timber (flatwise test) (C) : 5x20x400 cm. size of glue-laminated timber

(D) : 5x10x200 cm. size of glue-laminated timber (E) : 2x2x30 cm. size of small clear specimen

(ns) : trott-r'gnificant (*) : significant ('k{') : highly significant

Remarks:
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Figure 11 Fraction of samples during mechanical properties testing.



Figure 12 Deflection of samples on A B and C. all are cross grain tension.

--'-_- _ "a
_!



Figure 13 The conductions under the project.
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