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ABSTRACT

This study focuses on the development of Glued Laminated Timber (Glulam) made from teak wood scraps
sourced from a teak plantation forest. These are by-products left over from the teak processing operations of the Forest
Industry Organization, which the wood, approximately 25-30 years old, that cannot be sawn into commercially required
dimensions, constitute a significant waste stream within the production process. The objectives were to develop Glulam
from teak wood scraps, evaluate the mechanical properties of the resulting products, and explore opportunities for
value enhancement within the wood-processing industry. The study referred to four testing methods: shear tests,
Modulus of Rupture (MOR) tests, Modulus of Elasticity (MOE) tests (according to ISO/TR 19623:2019 standard), and
adhesive tests (according to EN 204:2001 standard). Polyurethane adhesives; PU, which demonstrates high toughness,
dimensional stability, flexibility, and superior bonding performance, and Emulsion polymer isocyanate (EPI) adhesive,
recognized for its rapid curing behavior at ambient temperature as well as its hish bond strength and durability, were

employed in the lamination process. Both adhesive systems are extensively utilized in exterior-grade wood-product
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manufacturing due to their excellent thermal resistance, strong durability under water and moisture exposure, and
environmentally benign attributes. The results showed shear strengths were 7.94 MPa and 8.12 MPa, Modulus of Rupture
were 53.03 MPa and 64.44 MPa, and Modulus of Elasticity were 9,476.41 MPa and 9,659.61 MPa, respectively.
Additionally, the result provide compelling evidence that teak residues, typically regarded as low-value waste materials,
can be effectively transformed into structurally reliable Glulam products suitable for various construction applications.
This valorization pathway not only enhances the economic utility of teak processing residues but also offers a
scientifically grounded framework that can inform industrial practice and support the advancement of sustainable and

resource-efficient wood-product manufacturing in Thailand.

Keyword: Glued Laminated Timber (Glulam), Teak wood plantation, Polyurethane adhesives (PU), Emulsion polymer

isocyanate (EPI), ISO/TR 19623:2019 standard, EN 204:2001 standard.
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daliifoglussuuifoafuuuiusadoussnaindu Taguvs
AsnagauLiu 2 ﬂaq'll A8 Glued Laminated Timber
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Condition Sample No. Sfee o) Frax (N) shear tests Average
Width Length (MPa)
Glulam using 1 48.26 44.68 1720 7.82
Polyurethane 2 48.78 43.96 1510 6.90 7.94
Adhesives (PU) 3 49.48 46.50 2140 9.19
Glulam using 1 49.48 41.46 1540 7.36
Emulsion polymer 2 49.16 45.24 2150 9.47 8.12
isocyanate (EPI) 3 49.62 42.26 1610 7.52
Fro = Usanageandiinle ey dadu (v
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910 M131991 2 HaNIINAEEURSILEaY (Shear tests) Vaq
Glued Laminated Timber (Glulam) 9 nwawld dnaaudaii
GL%Jm’ﬂwﬁglj%‘mu (Polyurethane Adhesives; PU) Wu11 @1
nadouwsudeu fdnade Wity 7.94 MPa wae Glulam 910
wiwhiidnaiulfildn1nsadulndwesleleleaiun
(Emulsion polymer isocyanate; EPI) WU11 ATNAADULSS
dou fideds wihiu 8.12 MPa

1NN B ULRBURANISNARBULS LA BY (Shear
tests) 5¥%1319 Glued Laminated Timber (Glulam) a1nLAw
lﬂé’ﬂmuﬂ’]m%}ﬂniwﬁﬁmu (Polyurethane Adhesives;
PU) waz Glulam nslsidnaudnfildnndtadulnawes
Talalagg1iun (Emulsion polymer isocyanate; EPI) Wu11
Glulam newlsidnasutaiildnndiadulndweslolelyen
s (Emulsion polymer isocyanate; EPI) SiA1n15nagaeu
WS9L28U (Shear tests) WNAIIMI o AINEILITATUANS
Fumuussisgilidiusemihdnlifeglussuuifioaiu
wwansadsusanandulauinnit Glulam anwrwlddnaiu
ﬂwﬁ“l%’mﬂwﬁg%‘mu (Polyurethane Adhesives; PU) Wag
Fnwaizaudene (Failure) 711AnT uves Glulam 119 2
il Inonisdadnvean1vilidslifdnfnunduniaads

Usrans 80 Wodiwusivasiiuiitulineaouignniafadiols
Wil nansnedeuvesnII 2 ¥ila diuAInTINAREUATY
UnIgIU ISO/TR 19623:2019

3.2 MIVAADUAILATULSIAR (Modulus of Rupture
%38 MOR) Wazuanaadaneu (Modulus of Elasticity #3e
MOE)

NANITVIAFDUAILAIULTIAA (Modulus of Rupture
%39 MOR) 994 Glued Laminated Timber (Glulam) a1niew
idnaudn Wesansdaauauisalunisdiuniswanin
wiaAuudauss (Strength) vadld wasnan1sadeuLonad
g ave W (Modulus of Elasticity 5 @ MOE) ¥®¢ Glued
Laminated Timber (Glulam) 91nwsliidnaiun wiewans
fepuausalunisdiunising wseAuudeis (Stiffness)
Tnauwtanisnaaoudu 2 ngu Ae Glued Laminated Timber
Glulam) antawlad@naauy ﬂﬁliszj”ﬂmiwﬁq?mu
(Polyurethane Adhesives; PU) wa g Glued Laminated
Timber (Glulam) 91nuawlidnauliildnnddadulndwes
Tolglguaiun (Emulsion polymer isocyanate; EPI) a1
WASFI ISO/TR 19623:2019 Fans797l 3

A58 3 NANITVAFOUAIIUATULTINA (MOR) UALHBAGADANE (MOE) YB3 Glued Laminated Timber (Glulam) nAwliidnaiu
Urildnnilndgsimu (PU) uaznaBsiatulndweslelelasun (Ep)

. Sample Size (mm.) Frnax MOR MOE
Condition Average Average
No. Width |Thickness | Length | (kN) | (MPa) (MPa)
. 1 20.34 20.30 284.20 1.26 64.34 9947.31
Glulam using
Polyurethane
. 2 20.40 20.54 287.56 0.84 42.10 53.03 8271.47 | 9476.41
Adhesives
(PU)
3 20.46 20.54 287.56 1.05 52.66 10270.44
Glulam using 1 20.36 20.64 288.96 1.29 64.63 10587.63
Emulsion
polymer 2 20.22 20.40 285.80 1.45 73.82 64.44 9428.88 | 9659.61
isocyanate
(EPI) 3 20.40 20.34 284.76 1.08 54.86 8962.32

Aoy y 1 & ay a o
Frax = H39NAZAATIALG ety Alailidu (k)

910 A13197 3HANITNAABUAIINA TULTINA
(Modulus of Rupture #38 MOR) Wazalanaadnneu (Modulus of
Elasticity 138 MOE) U84 Glued Laminated Timber (Glular) 27Nbf
lsf&nanutniildn1alndg3imu (Polyurethane Adnesives; PU)
WU AINISNAFBUANATULIINA (Modulus of Rupture 138
MOR) fAtad Y WAy 5303 MPa LaZAINITNATOUNDA A

ane (Modulus of Elasticity 138 MOE) 1ANARE WU 9476.41
MPa

NANISNAABUAINNA TULITIA A (Modulus of Rupture
%30 MOR) Wazalanaatiaveu (Modulus of Elasticity 138 MOE)
UBI Glued Laminated Timber (Glulam) ﬁ]’]ﬂLﬂ‘lﬂvLﬁﬁ’ﬂﬁ’mﬂ’]ﬁSL%
A8 et windwoeslelales1iun (Emulsion polymer
isocyanate; EPI) WUI1 ANNISYAADUAMNAIULIINA (Modulus of
Rupture %158 MOR) SAade WU 64.44 MPa LAz AINISNAEBU

'
o

7119 avu?
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uondafany U (Modulus of Elasticity w3 8 MOE) A Lade
WINAU 9659.61 MPa

NNSUT U URANSYIAGDUAIIUA TULTIAR
(Modulus of Rupture %138 MOR) LLawa@é’a%mju (Modulus of
Elasticity 138 MOE) %119 Glued Laminated Timber (Glulam)
Nnialsidnanunfldnnnlndy3imu (Polyurethane Adhesives
PU) Way Glulam Mnuavlidnanuliildnmddadulndwesle
lolgeiun (Emulsion polymer isocyanate; EPI) WU Glulam 277
wiwlsidnanuihildnddadulnaweslelelseniun Emusion
polymer isocyanate; EPI) SIATNISNAGBUANAIULIIRA (Modulus
of Rupture #3© MOR) 13 9l A11LA111 0 L UNISATUNTUANAN
(PuFause) 1nnnan Glutam Mnewlsidnautitlinningy
?mu (Polyurethane Adhesives; PU) LLa:ﬁﬂ"mﬁVlﬂﬁE)UEJ@Qéja
gAnEU (Modulus of Elasticity %38 MOE) #safiayuanansaly

mssunstae (Aundeis) 1o cluam Mnirlsidnanuidi
Tﬁz’fmﬂwﬁq%‘mu (Polyurethane Adhesives; PU) 4101731 Glulam
vl dnaruliildnddatulndweslelylesun
(Emulsion polymer isocyanate; EPI) V?ﬂﬁl mamimaamaqmaﬁga
2 1A HUAINTNAFBUANNINTFIY ISO/TR 19623:2019

3.3 NNINAEDUNITAAVDINTT (Adhesive tests)

HANSVAEEUNNTAAYEINT HiowansUszansnmiy
nsfafnvesnniuing lnsuvsnisnageuidu 2 nqu fe
Glued Laminated Timber (Glulam) 91nslsidnanuUAildn1ng
g%'mu (Polyurethane Adhesives; PU) bh@d¢ Glued Laminated Timber
Glutam) 91niAwlel dnaaud 19 19018 Tat ulnd wes
lolalwaiun (Emulsion polymer isocyanate; EPI) AIUHINTZIU EN
204:2001 F3p157971 a

A1T99 4 HANITNAADUNITAANTIIVEY Glued Laminated Timber (Glulam) nLAwlIlFnaIuU i ldn1lnGySnu (PU) wazn1n

dladulndweslolalueun (EP)

- Sample Size (mm.) .
Condition Adhesive tests
No. Width Thickness Length
i 1 49.56 38.76 95.36 lainae
Glulam using }
Polyurethane 2 49.06 39.00 97.14 Laivige
Adhesives (PU) 3 49.70 39,02 98.90 laivian
1 48.86 39.84 96.48 Laivge
Glulam using
Emulsion polymer 2 49.46 39.74 95.96 Liivige
isocyanate (EPI)
3 49.38 39.48 97.08 Laivige

91N 1151971 4 HANITVAAEUNNSRATEINTIVE Glued
Laminated Timber (Glulam) 9niawlifd@naiudaildnig
§atad ulndwweslelelosaiun (Emulsion polymer
isocyanate; EPI) wu3 Glulam T finswdsuntasaninly
N LLas%u’ulﬁﬁ’U%u’umﬂnjLLaﬂuqmaanmﬂﬁ’u

NNV BULT B UNAN1SVIARDUNITAATOINTITENIN
Glued Laminated Timber (Glulam) arnweslidnanunildnm
na q%mu (Polyurethane Adhesives; PU) waig Glulam annLAy
Wi naudnfildnndtatulndweslelelseun (Emulsion
polymer isocyanate; EPI) wu31 Glulam ‘V%ﬂ 2383 ldfing
Wasuamnwlunndy waedulifutunmliuenugaoen
i wEnaIn v 2 vile SusvavisamlumsteRnvesnm
wagliidwsunssuunmswan Glulam ladueensd

3.4 HAN1INAAUA MUANU A LT INAYD Glued
Laminated Timber (Glulam) anniauldiagnaaun

HAN1INAABUA MUEANUR LT 9naue9 Glued Laminated
Timber (Glulam) nwewld dnaiuda a1uunsgiu ISO/TR

19623:2019 Wiowans fazwldusslomd Wnednmsvadeu 3
1913 AB NMINAABULTILABU (Shear tests) NINAABUAIIN
A1UkIIAA (Modulus of Rupture #38 MOR) Hena a8 anigu
(Modulus of Elasticity 1158 MOE) fasns14 5

911 M99 5 MInedounaaUATanaves Glued
Laminated Timber (Glulam) a1nwewlsdidnanudi wuin

ANLSUROU (Shear tests) 989 Glued Laminated Timber
(Glulam) MneslsiEnaudildnndtadulndweslelylsen
s (Emulsion polymer isocyanate; EPI) ﬁﬂ'WLLNLaauqmiﬂ
Glued Laminated Timber (Glulam) annuulsidnanutfilanm
Indg T (Polyurethane Adhesives; PU) kagAus2 ouas
Glulam 7 1490199 ¢ 290 1 wlumiuuasgiu ISO/TR
19623:2019 Wilsdiauanunselumsumuusalgafiazsls
duvemhialifuasnmiioglussuuieriuinusadeusen
iU Wi enusonssunsseiifunsadoulunnsldoud
\Anty

'
o
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AIANATULTIA A (Modulus of Rupture 138 MOR)
483 Glued Laminated Timber (Glulam) el d@nanuuadi
140128 Fat ulndwes lelolesniun (Emulsion polymer
isocyanate; EPI) 1A1ANATULS0Ag9N31 Glued Laminated
Timber (Glulam) 91nLAwlal dnarut 19 191 Twd g 3 inu
(Polyurethane Adhesives; PU) wae ANAIUA TULTIA AUDI
Glulam 7 191199 ¢ 2 90 1 uluaiuuinsgiu ISO/TR
19623:2019 ylvtinmansalunsiuNISLaninlan tagd
ANULTass (Strength) aedlilumailuldusslon

AmenAagAveU (Modulus of Elasticity 38 MOE) %81
Glued Laminated Timber (Glulam) 2nweulsfdnanudnildnm
8#la (Emulsion polymer isocyanate; EPI) fifuendataneu
49171 Glued Laminated Timber (Glulam) annieslil@nanu
ﬁi%mﬂwﬁg%‘mu (Polyurethane Adhesives; PU) uawA3enda
fave{ures Glulam 7ildn1avs 2 e Wulumumasgiu
ISO/TR 19623:2019 vilidlmnnuaansalunisaunsing se

mud sl WowmnaaauAvesnn EPI Sanumuuiy
unugs wazdanuwdedlinisgavg uladlived (Non-
shrinking)

NANITNAADUNITAAUDINTI VB9 Glued Laminated
Timber (Glulam) Ml dnaulildnmdiatulndwesle
lweiun (Emulsion polymer isocyanate; EPI) wu31 Glulam
Lyifinswasundasanmlvanidy uasdulsfudunnliuen
VQABENINMU Wangdn v 2 ilniisyAvBamlumsBafin
yoanMuazldd@usunsruiunisuan Glulam taidueg19d
Julumuunmsgu EN 204:2001 Imaﬁizﬁummmmuaajﬁ'
D4 fio dwsuldnunelusasiidesduiatudwieaunsogn
wlFiduszeznaunuastosads dalunisldauasuen
91A158131309¢ luan me1n1Aaneuenld uamislasunis
Hostusemsideuiiuinlsiiifiomene

A3 5 HANTINARUANANTRITNNAYE Glued Laminated Timber (Glulam) 9NiAwlTENAILURMNLIATFIY 1SO/TR 19623:2019

LaZNIMIZIU EN 204:2001

Glulam strength Condition
Properties Standard
class Glulam using PU Glulam using EPI
Shear tests (MPa) >35 7.94 8.12
Modulus of Rupture; MOR
ISO/TR > 20 53.03 64.44
(MPa)
19623:2019
Modulus of Elasticity; MOE
> 8,600 9,476.41 9,659.61
(MPa)
Adhesive tests EN 204:2001 D4 Laivign Laivige

4. #3UNan33e uwasdalauauuy
N19ANEINTTWAUINT Glued Laminated Timber
(Glulam) anwawliidnaiudn wansliiiuin welddnaiudn
aunsainlugnsiaunluldusslevindndu Glulam e
lngn1snadeunnauURBnaves Glued Laminated Timber
(Glulam) AnLawliidnaiudn 4 AFnsVAdaU WU AL
\iou (Shear tests) 7ildnddatulndweslolelosun
(Emulsion polymer isocyanate; EPI) LLaxm’JI‘Wﬁdt’ﬁmu
(Polyurethane Adhesives; PU) {11 8.12 tag 7.94 Auaau
AAUFULTIRA (Modulus of Rupture 138 MOR) #ildnna
§avad ulndnesloleles1iun (Emulsion polymer
isocyanate; EP)) uazn12lwa &, $inu (Polyurethane
Adhesives; PU) #A1 64.44 Uag 53.03 A1Ua10U AU00 S
gangu (Modulus of Elasticity 5@ MOE) T¥ndfadulng

weslelglaaiun (Emulsion polymer isocyanate; EPI) Way
m:ﬂwﬁg?mu (Polyurethane Adhesives; PU) &f1 9,659.61
WAy 9,476.41 AUEIFU Fawan1sAdoUTT 3 A5NsnedeU
Lﬂuvl,ﬂmmu’lmgm ISO/TR 19623:2019 wagn15NA#BUNIT
Anvaen1afildnddadulndweslelelseniun (Emulsion
polymer isocyanate; EPI) LLazmﬂwaﬁmu (Polyurethane
Adhesives; PU) wu31 Glulam laifinnsiua sundasaninly
MRy wastuldifutunildusnvaneenaindu dewanis
nagou 1ulunasnasgu EN 204:2001 Wunnsifiagaci
Tifumvlidnaiudiannssuiunsmanlidnuussuiinge
fannmssineueniduiu vieliffsuivesliinuyss
wagn1sdlUldUseloviniedugnamnssuldlaoaniy
dufunulassadiaieg Tunisfunse Wisenseaunisld
ningnsegduan sulisanansanisumaideluussend
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Usuusmdndueildl 3eunuszneunisiatsudenian
wingauluniswds Glulam sialy

Faauauuzlunisiman1s3delulduszlovi

1. nsdnaslid@naiud 19 indeainoad nns
gaamnssuUnldvesnseuiunisudnlidnaiudiudssy an
W lUlduselowindadu Glulam 1¢ Wunsifuyaduay
Tdnsnensegedua awnsadinuidelulssynduas
Warnandasiliussduniad danumunzanuaziin
Uszlevidoluly uadidedidnlunaunimuazanuudansses
wlsfaniisndnlidnudsguily

2. MIneaeuAnauURLgIna Glulam antAwlddn
@l W anaaa AL ILTY AUNUNIY LazAIY
winganluiluldselevd lngnanisnadous 1ua
UIM957U ISO/TR 19623:2019 way EN 204:2001 #1198
luuszendldusslevimednuanamnssuudsguliiladu
DA

3. ngaennunlglunszuiunIsuan Glulam
annsaandszneunsfiansanidonianivnzaslunisudn
Glulam viseliuserun1sielule

Farruauurlunsinideluafedaly

nsAnwrelRafuanudeanislunainves Glulam
sullufsduyuniswdn viowiufnunaiu3suiiisy Glulam
Pnavliviadu iieTouiisuauuduss anudud
wagauvaganluiiveanisldusslevdnnauldligean
skl

5. AinAnssuUsENA
{3 80UR MANEIUAIEANT (N1ATY1IUNE AT 0l
WMIneReNwRsANERS atvayuasadislumsiuiunide
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