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# # 5973809725 : MAJOR ARCHITECTURE

KEYWORD: Glued laminated timber, Two-by-Four construction, Bamboo, Para timber
Svit Piriyasurawong : 2x4 GLUE-LAMINATED BAMBOO AND PARA-TIMBER COMPOSITE FOR RESIDENTIAL UNIT.
Advisor: Asst. Prof. TERDSAK TACHAKITKACHORN, Ph.D.

Laminated timber is an innovative technology introduced to the industry instead of plain wood board,
which actually becomes a scarce resource. In Thailand, “glued laminated timber” has been developed since 1971. Glue
laminated timber is the method of ordering timbers in the same direction in order to increase the strength efficiency for
building a structure. Apart from other forest resources in tropical forests of Thailand, bamboo is considered an
alternative material, beneficial in various aspects; it can be used to increase strength efficiency of laminated timber, and

also to substitute wood consuming rate in forest industry system, resulting in the sufficient of the resources in Thailand.

This thesis aims to 1) study the mechanical properties of 2x4” glued bamboo laminated with para-timber
composite, 2) build the model of 2x4” glued bamboo laminated with para-timber composite, and 3) conclude and
synthesize a standard guideline of 2x4” glued bamboo laminated with para-timber composite. The process of this study
is as follows: 1) study and develop glued laminated and plywood in both national and international level, 2) study the
mechanical properties of glued bamboo laminated timber and para-timber composite in the laboratory using Finite
Element Analysis method, 3) apply the 2x4” glued bamboo laminated with para-timber composite as the model for

building a 24 square meters single-floor residential unit, with 5.00 meters in width and 4.80 in depth.

The study found that 2x4” glued bamboo laminated with para-timber composite can be used to build
structure instead of 2x6” glued para-timber in traditional construction model in the part of floor joist. Although the
deformation property of para-timber is less than those of glued bamboo laminated with para-timber composite at
0.33141 mm., or equivalent to 27.96%, slued bamboo laminated with para-timber composite is still considered proper in

the forest industry system in Thailand.

In the construction of residential unit, using of glued bamboo laminated with para-timber composite can
reduce building materials, including the use of wall to support the roof instead of pillars, the reduction of the
components of roof material while it can still support roof sheets. The structure model using glued bamboo laminated
with para-timber composite for residential unit can also reduce the number of woods used in the construction from
72.44 cubic feet to 46.40 cubic feet, and reduce 20% of the duration of the construction, comparing with traditional

construction.

Field of Study: Architecture Student's Signature ........cocovevrnininns

Academic Year: 2020 Advisor's Signature ........ccceerenennee
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liuszAun uaglionsms s 2xa 4 anunsalflunisdeadadisudy ldensmas

Useun aun 2x6 1 Tuguiuugramnssy witheaaaudivesddionamnasiisszeu

theniniagualiilinaslformsussiunmn 0.33141 mm. videdndu 27.96 % iflaaannil

ANULANANTENINATIRRaEngY 84 winvUraana vibingAnssunisasgUvesianuanll
o a & '

wazldenamnsusenun1IsnIlde1mns1UsEAuNTT 9neAnuruwUuYealaiwi s nau el

¥
= =

Auldnns1d19iu 139 kg/mA3 vinliunindinadulinassuseldunisvedlanfinsgvinne
lasasiliidmaliiussesguiiveslll uwallesglisansiuisiaAeudiegs adiey
Audanuanldliuagldenanisiuseiuni auie 2x¢ 1 awsaanvuinvessualilaain
2” x 6” Tuguwuunisneadieniudnwaue ey (Conventional) vlu 2x4 7 Fedalimay
1 ¥ 14
wlawssvadlaseasials
TaAunuNIenaINIsneaianleinedume Jaguay lilliuagldenmisusedunia
lusduuulassasreneanwuudulval lureulune1nls 1 4u u1a 23.04 A1519UAT WU

sUsuulassaseldiannauldlivagldonamisuseduni aunsoandiuusenauretennns

(%
LY o Y 1

loun nsléiesuthmidnunuien nsundiudsznevvemdsanlusasiidsannsaaduayy
nsfutmdntanyvdinld suuuulassadrstanuay lifliwagldonamsussfunndimi
mieinends SsansnanUiinaliinnildliaun 2xa i vueauens 2.40 was 90
FIuU 140 view wdeliley 126 viow vieAmduusuiasliain 72.44 au.sn wdeiiies
16.40 au.sn uavansvevalunsneaiamiieRnondelsd 200% elflsufuguiuunis
neadamudnuaeiloy (Conventional) N1slldlidanunsaannisldliionanisn 10% lu

druveianlasaine vieAnlu 6.895 au.um

1.2 I9QUszasAvaINIsANEI
1.2.1 weAnwiamuinisliussiunmlussdund wagssiuununmni
1.2.2 ofinauautRidanavesianuaulsiliuagldsmsssiunm 2xa i
1.2.3 ieAnwguandiidinanisantnonssutaguanlsllivszdunniuagld
BT 2x4 7
1.2.4 WWioUszyndlduuimmansneaisTanmanliussAunuas lsnsmnsdmsy

NUIINNDFE



1.3 Y9ULUAYDINITANEN

1.3.1 Anwreuiseiifeatoaiauinisiiivssdunig wazlisauszanu Tuseau
uned warlussnelng daud 9 a.A.1901 - 2019 Tneuvsdszanvasnsanulann
1) liuseunm 2) ldlivssfunm 3) Wisauszanu @) ldsndsvany widy

1.3.2 Anwinantfdena (physical properties) vasliiliuseiuntiuagldensmis
Tanay dmiuntleinende lnelduinsgiu ASTM D 143-94 Standard Test Methods for
Small Clear Specimens of Timber lun15ageU LarnszUIUNIT Finite Element Analysis
Tumsiemeisuuuulnssasslifliusefunmuas Wi Yaglassainewan 2xa i

1.3.3 Anw3insuszendldanuanlsiiiuaglfonaminmusefunnn 2xa 7 u
funuulassadralmldmdumeineds wuu 1 4u vuefiufl 23.04 p1s10wns windng

8115 4.80 LUAT AN 4.80 LUAS

1.4 s208U3sN15ANE

(%
a v A

sudeuisn1sfinuluanuddell ldimunnuinguszasd wasvaulunueIveInIside
fifwun Faldsdunside TneulsiuisnsinelumAdeiasusoondu 3 szey 1Hud
141 spesdl 1 MIAnwmgud] numuwissanssy wasdmigiudeya
1.4.1.1 Fumeunsnuiiannnslivseiunn Tasfnwianneudde Tura
U p.7.1901 AFusulunisAnduliiusefunts (Glued laminated timber) 9ufis A.A.2019
iWiovnanunmyadu lnsAnwreAdenfedesiuliusefunmlussduuiuni wazly
Usgmelng Lenansuasgrumamegeuld
1.4.1.2 fuppunisdnuilassadimheiinordemudnuazden wagszuy
foa¥s 2xa 11 leponuuulassaisliiusziunni Hedunountsudntandmivnoadis
UINTFIUNTNAAUTANLUNITHEN MIUUINTFIU ASTM D 245- 06 nsnadeuauaulaves
N1 ANULINTFIU JAS No.1152
142  spesd 2 naaeunmantRBsnaianuanlilnusyfun uaylderans
1.4.2.1 naasuRuantAlnameIsnaaeuAnau TR UNINTgIL ASTM D
143 - 94 (Standard Test Methods for Small Clear Specimens of Timber) wSeamnaeuil
T Jua3ea INSTRON §u 4466 Tins1zsiteyaninlusunsa INSTRON Series IX
1.4.2.2 negauauauUAnensadwuuitassnuiaguanldliuseiun
warldfenamng aum 2x 4 17 Wisudsusuaulfeamsdseiunm aune 2x6 12 Tagld

N3rUIUNTIATE AW IUBAIUA (Finite Element Analysis) W1ulusunsa ANSYS 2020 R2



iWiomszezvenaiiinaselnssadslinauss lunsnanuuuais (Compression force) a7n
wsaltfusasfuszergui uazusslunulfs (Vertical displacement) iilednvigiudoya
anautRdanansldlionam sun 2xa i dufunslifulasaionheineds
143 szeed 3 UssgndnsliTanpaulnssasslsiliussfuniuazenansn 2xa i

dmiumheinende

1.4.3.1 NAa9EI191A1IVNUIINDIAE YUIANEINTIN 4.80 AT A 4.80
wns neldTanuanlassaialiflivse funnuazenmin 2xa @2 udrudsznevludau
JGREGERY

1.4.3.2 l@uokuguInenIsneaienIsniieinodelaeld Taguay
Tassadslifliuszfunmuasenans 2xd a1 lussiiiy 1) svozasiiy 2) szevlnsuadins

3) 1As9@519989AN

= ) 7 2 o
FeEeN 1 Qmﬂ’lg’mmagaluﬂi::numq

Taasunads NRIUINIT lTdsEAunT

1.1 Tassashanan l

2. liTaseasasoa

3. Liidwmsuawileiia (FINISHING) TduseAun
(GLUED LAMINATED TIMBER)

1. idgaamngsa lulsanelne .
Tailsziiuna

2. iinausonldniusssugna ludszamalng (GLUED BAMBOO LAMINATED TIMBER)

TsfleiszAunm
(CROSS BAMBOO LAMINATED TIMBER)

T lignuseanu
(CROSS BAMBOO LAMINATED TIMBER)

szusi 2 ageuiaguanlasaieldlivseiunmauagldeams

DESIGN EXPERIMENTAL

|

1.PARA TIMBER 2.SINGLE LAYER 3.DOUBLE LAYER 4.H LAYER

l

MECHANICAL PROPERTIES OF GLUED BAMBOO LAMINATED WITH PARA-TIMBER

N5 U ASTM D 143 - 94 (STANDARD TEST METHODS FOR SMALL CLEAR SPECIMENS OF TIMBER)
mua Misulifinaaey fonawidadiuimisusada sisua 30X30 .

w3amadouii 1@ unias INSTRON 4u 4466 wacsnasiiu Tlsunsu INSTRON SERIES 1X

NARDUATSAAIBLLY 3 30 (3-POINT LOADING) fitnuaa1si5y lunisnai 10 usani

|




szaedl 3 Uszandiaauanlasadidlilivseiunauazldenmnnm

1

DESIGN EXPERIMENTAL HOUSE CONSTRUCTED BY

l l

HOUSE CONSTRUCTED BY HOUSE CONSTRUCTED BY
CONVENTIONAL METHOD GLUED BAMBOO LAMINATED
WITH PARA TIMBER WITH PARA TIMBER
2X6” MaWU / 4X4” 1an 2X4” 9Ny / HlesuLavn
FINITE ELEMENTS ANALYSIS FINITE ELEMENTS ANALYSIS

l

szuzi 3 Uszenddannaulassaiddlivsziunuazldenmns

l

2X4 RESIDENTIAL UNIT FULL SCALE TESTING

| |

FINDING SUGGESTION

e o s . ar
|.qﬂlﬂﬂﬂnkﬂiﬂﬂiﬁ\l'}ﬂﬂlﬂﬂﬂlinuﬂ‘iwﬂﬂﬂ'n i Bideiraainisi 1%?JLlUU MASS TIMBER.

“ & & R
uazlisnanns 2X4 47 nauny zun 2X6 i Iwanansanoassladnsau aunsa 1o

- nsantGunadeg Lisesoaamieine ds CONNECTOR iwlinUseAuldf iileandunu
e o , .
2anaudfidinannaanilaanssy 2514 BOLT fiemssnuuwandeuls asdmana
- MFILATIEHNINIEBLT madsvnaeastEn

- MAATEiLTnsinae Tasease 15 T
3. LWINWNIFADHTINEIATISHUIBHNDH

- dalavanuziinisnaase

ANT 1 WU WLARITURDUSLLUUITAN®EN

1.5 Ussleviiiandnazldsu

1.5.1 nyutedinvedasadelilivszAunnuagldeemsianlaseasnmay 2x4
ih dmsumbheined

1.5.2 nyuauantiienavesiagldlidsedunnuasldenmnsdaglasasiaway
2x4 i

1.5.3 Wlalausiuguuamanisnoaramieinendy lassadalifliu seiunwaglil

g19N31IanlASIasIaHaY 2x4 13
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NUNIUITIUNTIA

MINUMUISIAINSsIRAET s UNSANUsEnoudswaunsssyAunT ity
Usewmelng uazlusalseme sudstunsunsuanliiuseiunn waznsiuldlussuunis
Aeadalassadsldmudnvasion Wedulwdsluniseenwuuszuunisneadialassadnsls
Feuszgndlaelilassasstaguanlilivssfunuaglfonmna 2xa dh dwfumiaedn

Y

2.1 WawIN1skiusenunin
A1sANYIRRILINShUsEAUN1Y TowlsvaulnvaIniIsdneaanidu 4 du lawn

1) Wsziun 2) Wlidsedun 2) lisauszanu 4) liludadsyaiu lnadnwimuinisla

aw o o 9

UsEAUNMBUIAINIINIARIAT A./.1901-2019 MAeToInuwIdeinetdaenuldusyiu

1
a a % (%

n17 w1a9g1uliUszAun1 nandudiliuszduni Wednsizi aa1uni1saiiiadun
Waunskivsziun leeflveuamstasizinuidendesnduimuinmslivssiunnlu

SEAUUIUNTIA hasNauInslsusenunlulsemalne

2.1.1 Wawnsliivsgiunialussauuiunvii

liuszAunagnandndiinsasausn 9 a.a.1906 TneBenld emwas (Otto Hetzer)
nnsUsRvsusiuldaiiug nieffinlude “Otto beams” 1Wutagiieaiudsdy
(Sustainable material) fianansadagunsdlildete dnaaut@iBanaia udaussunoazuss
e wsedn luguuuunuanteenssuls Tud a.a. 1910 liuseiuniives Otto Hetzer gnin
wamsnsausnlua Universal Exhibition fingsufaiead o German Railway Hall Ansingldf
Useiun1imaneay Nri197773 wa4 Otto Hetzer Asaungululsemeieasull ovaw3s 8na
wazainosuaun nunseyludinauansingwesdnsissi (Imperial Patent Office) Tu
Uszinalgasul

fimunslivsefunnlugieanisseit 20 lddasimuisuuuuIueenudy
wanfueide “Glulam” Tnsdnisufuasusisazdoaliun sUunvuniadenseliuuy
“finger joint” FauAanswaIMsHAnnT Tdulinsiudunde U5Aa1nanseLse wesila

alad sudsmsiluldnudunssuiunisudnldlagldinses CNC lassadelduseiuniign



° v a a o 1 | a A v a va a o ¢
mm%mquwgmmmﬂiim EJﬂW'J@EJ'NLGUUELUﬂ A.A.1934 “VIWN‘UQUG]ms%uNamﬂmGVI

(Forest Product Laboratory) lusgianeudu Ussineansgoiusn lnedsnisaselduseiu

&9

o
Y

nadudnuazisy neuhinfenududnuaasdy (Arches) Sosrariu

il 2 nMsvegeuliivseiunnluiemeasslusiansudu U a.A.1934

(Lehman, 2018)

liseAunagnitaunlulddauszau Tl a.a.1974 lnefigasuduainnisyvinlyd
Usziun1iguuuudaiiawes maulndn (multi layer composite) fouazin1sAnAUNEns a0
Lidauszanute “X-lam” luduanissed 20 Tudvesimuinisludiuvedddlilssiunig

Laz SR UTE AU UAUAILANTISARAUNAR S UINTD “Glubam” B9U A.A.2008 ANUAITIN

[
‘a v a A £ % o

1 wansgdeiiietesiuldusedunilusedvuiunyd safnisuanstoyauinsgiuld

va o

Usziunnfinertesiurlianvedddusziunn Inedefideilunquieiisnysniwdingy

Y

Jodunguaugiaan warnsiUasunladiinisive wu nsidsuslasuunfanisldian

nsdgunUainsiunyssendls vav



M5 1 wansidenetesiulduseiunnlussduuiued

Uaa Wiusziuna ileiusziunia figauszau filigauszau
1906 | Glue laminated beam
“Universal Exhibition”
Hetzer O.
1933 | DIN code 1052
1937 | [A1] Oliver William A.
1974 | Multi layer composite
Cziesielski
1981 | First used in Brasel [H1] Drége & Stoy
1993 | [A2] Manbeck [H2] P.Schuler and R.Guyer
(91989 Schickhofer,
f}994)
1994 [H3] Schickhofer
1996 |[A3] Hernandez., et al. -
1997 |ASTM for GLT
2000 |[B1] Ogawa
2004 | SR EN 408:2004
2008 |JAS Standard
2009 |[B2] Yang, et al. - ey
2010 [D1] Xiad,—lét?l?,j, 4
~ FEl] Correal, J.,etal. | ‘ [
2011 |[B3] Badescu, A-M.L., et a'l;: [El-}-Mahdaw,—CLeusten&—{u-}-DarKZ}g
f(M—/Wﬁq’ et al.
2012 | ANSI/AITC A190.1
2013 | [B4] Manalo, Aravinthan & [I13] Teibinger & Matzinger
Karunasena (multi-storey)
2014
2015 |[B5] Komariah., et al. [E2] Sharma, et al. [J1] Scalet [K1] Archila H.F.
2016 |[C1] [F2] Li, et al.
Aishwarya M. and Markus
R.
[C2] Muraleedharan &
Reiterer
2017 [J2] Harte [K2] Archila, et al., (panel)
[J3] Wieruszewski &
Mazela
2018 |[[C3] Penellum, et al. [G1] Penellum, et al. [K3] Ivens J., et al
[K4] Munis et al.
2019 [K5] Darmon R. and Lalu

O.
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1) 1dUsznunia (glued laminated timber)

aEuFunsAnfunldvinliuseAunialu a.a.1906 1ng Otto Hetzer
Sunfuludodn “Hetzer Binder” 3o “Hetzer system” waziinunsglsuseiu
17 DIN %a 1052 Tud A..1933 vinlnauddelungu A wiun1sidelunisesniuy
vasldusziunlvainisadalacla Tae Oliver William A (1937) aufisr3l a.¢.
1993 manpaedldlianduse wita waefindd Ssllylifegluszuugmangsald
w33 TuvaeinisBuiamnlivssiunn Tl a.a.1974 ldfinsAnduguiuunis
daUszaIu huudaftalees aoulndn (multi layer composite) 1ng Cziesielski
(1974) Aeuazimunduliidausya sddelungy B 1wl A.f.2000 - 2015 N135348
wiussifunrmaninsalunisiuused AniAensidRludunuiuas wagnsm
lupdaganguvesmulivseiun Tnenslduiuaisveulviivasainunun 2 - 3
fadwns @dulusuduludindavesnulivssiun wazdunsldliadalng,
aiAfelusia C1 1EnATelivseiunn Taenssaumauserindldidends uazld
ogou luturesliisyiufafinamuamsalunssuussisdutuiireinimeans
wagiinnIuRvaely
2) ldliusziunia (glued bamboo laminated timber)

mielagnsilafliuszAunluraansn anesei 1 lusmAdesia D1
Wun1sveaesaiislugiuy 2”7 x 4” (two by four) muuuuliindsguuinsgiu au
Ustunounsfaumansnst “Glu-Bam” Mgl a.¢.2008 Tldvunnnulsinls
sU iflesnnnsldliliiioviliuseunnasdeadidufiviefsdiuiuunn viild
Tugae A.A.2011 - 2016 MmuaITelungu F 1wl a.6.2016 ladinns3dewamauld
16 T Li, et al. (2016) wiovursmdunauldla (laminated bamboo lumber)
Hagtusuidenfeadesiulifldusedunia muauidesia 61 suideues
Penellum., et al. 1ud a.1.2018 Tevims3delulusuanuuds (stiffness) Inelddan
s Whanldlutuvesls] Weiuaruanunsalunissuusemdig
3) Kidauszau (cross laminated timber)

mMeiduFediSausra Teasuduinannsilivszdunaussanadu 3
fu wvutafiaies Aoulndn (multi layer composite) TuguuuunIsuI AL
13 91nesneit 1 mddeluaausnlungy H wunsidoidmeassiulasiainsenais
uaan 1l A..1993 1ae P.Schuler and R.Guyer (81984lu Schickhofer, 1994) i

LToUABLATIATINAUADUT NN NoudzdinITAUINGRS MY “X-lam” Fuluis
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A..2000 SuaINsrdnFUlUgnIImUANIMIEIL ANSI A190.1 Miedesiulsida
Uszanu Tudszdiunnumuuiuliisiety (ayen fianmisatanldldifiuna aends
unfiaialssausanlugenaisauin 5 - 6 du Tngldlsidfiauen (tall
wood) snusddelunga | suuuunsteadadundsiuimn uazorasdnfagud
ansaUsendananlunisneasielaiosar 10 - 15 @enndesiuauideuey Scalet
(2015) indndrannsaannaieaiislafosas 20 sufulassaiisaeunin lag
nnuangluwaue oy elviadennniu 6 u Wisndszanldgninanldide
Aetaniduiinsiudanndon munAdelungy J Idsunmomsildlisalsza
a¥1901a15lusduuvermsdniosy laeadefamstniduaisveulutan iy
drulszneuveteInns lauszauaunsondalanuiuinds 18 was winiala
UINEN 5 105 WA (Harte, 2017) Tut @./.2019 Darmon R. and Lalu O. lagin1s
nagaunisnulivesianlddauszaiu soufenisnaasuludiuianlulinsdu
Aawnden Wisuisudiuansgiugls 5 (Eurocode 5)

4) WilWdaUszau (cross bamboo laminated timber)

910915797 1 Tl A.A.2015 Budn1svaasui3eswas “Thermo-Hydro-
Mechanically” Tufanlsilsifitsndnuszanidusiu e Archila HF. dounlud aa.
2018 Ivens J, et al Anwdnwaziduleveslsili onsldauandaludslassaiis
TnennsUsvanusewinssuvoslifle (layen) 198Wond 158 wasuruansuaulriues lu
sunuuTanaoulnan Sadugrudeyalwlud am. 2017 Archila,, et al. 1#5uvinns
Aonpaswisnanlngn Liilisausya Tutlagiumsidonaassitisadostuliilsl
SnUsyanuavldnnaedlusiunuuds (stiffness) Wesngiudeyaiiieadestuliila

TidudunuunndisanesanisiauNIdesely

2.1.2 Wnwnsiduseaunialudsemdlne

31n15AneIUATe s TestuRauinisldusefunludsemalneg wiemiy
F2aaHaA A.A.1971 - 2016 MuBRAUIN13lUsERUN2 (glue laminated timber) 3]
AudenndasfuimuInsidussfunlusssuuiued Snsihunldidulasadns e
Wisusunulassaseldausnwuedon diunuideauldsaussanu (cross laminated
timber) Tlgsndulumuveuwaiivhnsdneiiosaindilimeiingiselusnuaadnenssy

a A

Tuneawmunisdrulalndnuszany (cross bamboo laminated timber) Tuldan1snaass

(%
o a

Junaun1suan laeleisnisunlatiunadendnlilidnuszaiu Wauinishuseduniilu
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Uszinalne Llasuduainnisgniauilugduvudadaiess aoulndn (multi-layer

1 o a

composite) LilgausiwIAnkargIutayaINAUsEINAi N LI NM TR AeLeA MY

d‘ Yn o A a £ [y 2/ 1Y U Ya v & ! 1% v v
M5 2 waneddenettesiuliuseiuniludsemalng lagdniideilungumeionys

Y

v ® 1 1 d' aa a o
ﬂ’]U’]lVlEJ amﬂumqummmam LazNITUagULUAIIEN159Y

M5 2 wansideneesiuliuseiunnlulsemelneg

U ad. diusenun 1aileiuszAunia fonUseau aileidnuszanu

1971 [n1] Mahittikul

1974 Multi layer composite

1975 [n2] Teeravanich

ASTM
1997 [¢1] Inpol
2001

JAS-112
2007 [21] Lamlaksakul., et al

[21] Ravichot
2008 [22] Kiratirattikal., et al. [22] Chumphoo, et al.
2009 [w3] Kiratirattikal., et al. [23] Lamlaksakul

[a1] Pruttikomol &

2011 Tangthong

[22] Fuangwiwat

2012 ANSI/AITC A190.1

[4] Rittironk S. and

2013
Seingsuttivong C.
2014 [v4] Kaosol & Prachaseri [%1] Oonijittichai., et al.
[A1] Fuangwiwat,
2016

Buajongkol & Intraprasit

1) iUsznun1a (Glued laminated timber)

251971 2 I8Su3TeReun a.a.1971 TuanwAdesa n1 ne(2514) Tilsl
g19n151UsEAUNIMAdeUAMANTRNITSULSRY wIane TuguuuuauUSeuiiey
fuaulfensmsiatu Tnsluszozusn auliiusedunin I@ldasiananudn
“small laminated beam” AauagldA191 “glue laminated timber” Tu f./.1994
Tuvsemalnenisvegeulivseiunnileulduinsgiu ASTM (The American Society
for Testing and Materials) Tu® A.A.2007 91nauiddelungy v WunguemAdeitu
nsnaaeuauandAvedlifiluusenalne Tnedaiu se3lad (2550) linaasslsl

UszAun TuEean1ssunsane wsans Ineldlsauussfvmsuazlaasian U e.6. 2008
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unaa A5AITIANA wazame (2551) naasuidwinveslduseiunty laglyld
8191151 WU LT819n5T muwwqa].ﬁﬁ n119 3 -4-55‘ﬁﬁﬂmwaﬂﬂﬂWiUQﬂaauih
gaamnssy Selimngiunsiunldifovhanliussiun iesandailvunamin
Huavuazinnueniitosnin 1.20 wes nawisaduiminld 1030 Alandu/
ANTNGURLUAT INNITNUMIUITIUNTTUNUTININTFIU JAS 597d 112-1996 Teugn
hanlflunddsluasians? aa. 2007-2010 aenndesivlulssimaduiiinigly
19355 JAS fauetl a.e. 2008 2nAfesa a1 wlufinsiildideuds vieldiia
AnuanRAn wu liwea 1ids ilevaseuauanth wazaunmussmathiuldszning
delffuaznm
2) ldliusziunia (glued bamboo laminated timber)

1nA15197 2 9ATengy 93 Tull a.m.2013 yRnamd @esansaed was a
U38 qnEseA naaeurnuautRdnavesiantiuss dudwmsuldduaudmsuenans
anssazvuaan tneseudieuldling wagldife annnsAnewanuin ladlleusedu
fuglang falugdadaviu 99,519.93 ksc. wWisuifleuduliiis Fuduliidouded
lupdataveu 79,624 ksc
3) 1didnuUszau (cross laminated timber)

Hsausvalunsdvedliionms wazli avSedaiulufiemadionty fu
ﬁwuuuqmmaalﬁﬂﬁzﬁhﬂwa(both3n1ﬂber)ﬂzﬁéa%uﬁﬁmﬁhmna@m Un3udunnia
funAnvlsiUssiunnuuUmaILIALEDY (single laminated) 3NNNINNSEEeRILUL
Usvanu iesnnmsBesiiusyauumidsuandaiouidang mndosnsuanlsien
Usyanu (cross laminated timber) slugiosmiatiivanuanunsalunissurimin
druuuveslduseiuni (bottom fiber)

4) 14ilH9nUszanu (cross bamboo laminated timber)

IFsuduiimsisouasiaun dauraet a.e.2011 Tnednwinnaundululaly
ulsEAugnTTl wazsuiaieaieu muauide a1 Tasa nodlnua way Uszvu na
N84 (2553) Falaifinsideludiuresnislalindnuseaududiuusenouvedennns
TneuwaRnBudunIannsaneldsauszaiuainlusisssinag Tneriiladaaay
wiouludesldbivesszmealne sourlud a.e.2014 Suin1siduiSeansnanlii
Sauszanu Tnensauisnisadelot aneuidesia 91 Tagissssy quinide

(2557)
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2.1.3 aguiannslivssiunlussavuiunsi wagluuszmalne

nMsdnwiawInsiivseiunmlussauunmavazludsemelng luuside
fidedestuliiusefunneendudseiiuiutannielusuvesliusefuna (inner layen)
Bn13UsEAU wazslinveddd n1uY183a1 wudmuaangeuidevesusemalneiiniiy
aonndostuaAdelusgiuumnmd uusdluduvedidauszauilifinsideludnuuey

a v o

Hulassasnennns meludwmedlsinusrau warlsilidaussanu sniddedidimuinisun
ag19neiasauded A.A.2018 ForuddediiAsadesiuldussfunia (slued laminated
timber)

Wauun1snuddgliivssiunnludsenalve Ianuaenadesiunsiaunuideld
Usziunluinsssine Bnsiignideuarinmnnetisdeiies Aeisnisusziuliluma
Foafu w3ei3endn 1isefunta (glue laminated timber) lifignldluisnnsvesliusedu
nuniigade liforamns wwnveslisziuniindalugramnssufivuiaadeiuszsuy
mawanvasliiuussy liussAunmideldiuioulsuuuimiou esniudunaunisudngi

Tslvuamduain

2.2 laseadnalduseiunia

Tassassliivsziunridulaseaiiudelszneu Tngldianfiwald senuiluguuuy
Yanaoulnan (composite) Ingstumasiifinnnit 2 4uduly Tumesunuundsu (Glued
laminated timber) aunsadiuUszAvsnmsenslifagunnnit 1 e Tngismadfiuduly
n13UsEAY WU N1 wian arsusuliues win w1 Gila Y33, 2528) Tiuseiuniad
PrsUsedu 3 3Uuuu I 1) Useiuwuas (Vertical) 2) Usefuiuanna (Horizontal) uag
3) UseAulAs (Arches) a1n35n1sUseduvinlvlduseiunnaiuisasanwuunuidale

a 1o o 1J £ 6 4 ¥ ¥ 1 ¥ 1
wannvane Tvunalidnde waslunsldvseloviannlindiuauliogeduen

2.2.1 Yunsumsudalsiusziunia

nsuanlssEAun1 wiseenmdu 3 duneu 1dun 1) funeunisandnivesls
2) Fumounislanaunuvesld 3) duneunisusziuni 4) Juneunisladeuasfnvuin
AINEY

nsonuszauldludsemalneludiusn Wudnwaenisdadssanulaethlduns ey
wanddn wazvinissanadingliaunafawduléd Moan 1-2 Su dewaudesnisly

Aa1au1NTY Jadin1sumelulagszuulensesndiinunldlunisonlsyaiu dnnsisealadauly
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VUL WAAS99nUsEaussuUlansasndilvotdeisosmnuiugnlunsonussaiution way
NaRbeauINIINAsadY it ATesdnUsraussuu i maknulagaunsanan la

170 Uy siadu (Jeyaanmsdunteal: Bunesia neuwaud, 2561)

AN 3 wansnsseuldaussniednusya umessuu i n1elulseauy

YIUTHNBUROTIA A waeLilel w.A.2561

wSessnuszanuliighessuuliih anunseldnssudlniindiu 220V mddl 2.5 - 6
Anode 18 Tneonfousessannmssn 2 s de wsedamiess 19usedu 800PSI usednmis
grutne Tusediu 500PSI Anumuliisauszanufiedesdauszaulniihannsavilddaing
MNegi 15 - 150mm YUINANNNIALAZANLEINATILA 2.04 x 1.22 13A5 Tnee
arturesiasiinsguegi 10-12% Mnatlumssauszaudl 55 - 225 Junit seldidn

UsEauIUINLAIEIY 1 Uk

2.2.2 noauszanulduseznunii

1
=] IS

drunavdAglunndadszauliuseiun Fuediuiugiuvesansindimianldua
N1 lnedgaussasdiiaiiuanuniussliiusessavesld wu Sveadauea (Resorcinol)
ueasyeaduoa (Fhenolresorcinol) way wandiu (Melamine) lnsfifiauaziiunisuiuiuay

flun1a fuea Wesunadlan (Phenol formadehyde) &sdsnalvidianantanusoun AUTUN
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(%
= LY I a

frafuidels uazarudou (of SnAusens, 2505) Tnsauauth wazsdinvesnm Tusgiy
paumgiTlutnefiuseAulsl

1) sdanedlilia wadian (Polyvinyl acetate: PVAC) n13lnwaluesviaingls
Faaedt Wlunsdilifessuiminn Sdunavvedindwesluienn dqa
Feanil 725 esruwaidea JamnziunisuseAuldfedsuseiudu (cold
oress) thmtinnm 1.19 Alanday/au.s.

2) vfiinddile (Emulsion Polymer Isocyanate: EPI) n1aa@1usulddsgiuni
Taglanig dnmasswin naufuieliAnUiAse) seming lsocyanate Tunsdil
lidessutmiinunn ieannnfidedaveu fauautRfuiuazanimeinie
Aeuanbaas Ju1nsgIu ASTM D 2559-4 5895V waznaaauyisen
Isocyanate ANLAATEIY IS K 6806, CSN EN 14257, EN-204 1ilaaainifunna
Amaneannsgiusessy Iuhliamisadeeenlsie

3) wiawaniiu (Melamine: MF/MUF) nmawaniiu waggde faaauiffuiuay
anmemameuenligs iansasuimdnléunn

4) yisAusa S¥eadusa (Phenol-resorcinol: PRF) ndmsudaunulenulduse

XD o=

st Tuguuuunisdesuuuiiafie (Finger Joint) SlnnuastiAfu wavaisie
19 filonmidd fdnwasfuniaman

5 wilngide Wesuiadlan (Urea-formaldehyde: UF) n1iild@iunauveananasin
wazlsBu anunsnunzdesiixdudldldeing uwiadh Aavuu uazanuns

[y

fudlaeglusedud ldunanveseide wesuadlen

aydussianeein 5 wile Luiies 2 vlanawnsaddunUssmalngle e vlianed
Thila wedam wavafindile (Emulsion Polymer Isocyanate: EPI) n1a%finniguen wazsy
Wwitinlaliunn Jadedrdgegnusunaaisiuaiiu uazgide vesunadles Feusznalned

ngvingluisasnismivAuasuaniiy danabiinnneisaunseanlutunaun1snas
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AmA 4 uanuasesmnaiewnseu i ssudmsuiuldlunssuiunisdadseau

muszuulii vesusEndumesin awanewlel w.a.2561

2.2.3 masgruiliieadasiulaseadslivseiunn

g iiieadesiuliussiunm a'qwasiammmaaéf’;@ﬂﬁqﬁiﬁﬂumimaauﬁuagj U
TOUTEAIAYDINTNAFBY LU NMITNAGBUAIINAINUYBINTT NMINAFBUAMANTRING Uag
nsneaaevludnuazldidulasiaiie lnsanasgruiiiendostuliiussiunn fagnudemny
muusazUszing feinaanulinvedl dengruisenasvesusiazUssine

11M557U ASTM D143 1Jusiaveanisvindredasliiifienisnaas umuiziunis
naaeuananUATnalivseiung lnednvunadiegrslunisnageusunn 30 x 30 ladluns
812 600 dadluns (ASTM D2555-17a, 2017)

19551 ASTM D245 - 06 1HusiaFomauinnidenlsl nsuvunsavedliagly
FBnsiiarsansenisues Wewsninsalilunismaaeunuandd waznssiBiinaunmaes
137 wagdunsimsnensidunldegrafulse@ansnin (ASTM D245-06, 2019) Tneinsavas
1 wiadu 1) inselassadne 2) tnsediliaansaléidulaseais Tngthund3sudisudu
Aindslassadieiiug i nufinsulsunnvestudiulasadamumagiu sndogadu

V@1 YUIANTUIFA LI (Cross section) liTaen11 5x5 67 N30UUIAVDILATIAS) WAY

d@1Usenau (Stress-Rated Boards) fasltliivuinanumunlidssnia 2 97
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1A55IU ASTM D3737 -18e1 illusiaiiieadostunmaguilasatisliusefun
TngnanFusiiiunlddodldfunisfusesnigiutagainuinsgiu ANSI A190.1 uay
CSA0122 TnsnuantAlenadidesfionsaniediuinsgiu ASTM D3737 -18e1 1#ud Bend
strength, Compressive strength, Flexural strength, MOR, MOE, Shear Modulus, Tensile
strength (ASTM D3737-18e1, 2018) Ingrinannusaifuasissdanay A uaguunuou

U1 I57U ASTM D5456 (Standard Specification for Evaluation of Structural
Composite Lumber Products) iusianasgruilieivesiulassadrsivhanianaoulngs
(Structural Composite Lumber: SCL) #9811 unvod AITC 402 lasvAdaULIIAIIUIU
FouswunmsmnaeunmantRiBnamunn gy

1195511 ANSI/AITC A190.1 - 1973 4155 1UNEN AN LIv0IUTEMAA NS FOLNTN
(Approved American National Standard) ImaﬁqﬂﬂssaqﬁtﬁaLﬂ'ugammidqaaﬂlﬁ way
wdnfuetliivnddangsy 1wy wnsgruanuduvesld nsdeslssfunisiilueenuuy
Tasaadafunnsgiu ASTM D3737 e simidentilunisides ieudansald

WINTFIU AS/NZS 4357.0:2005 10un1n5514 Australia/New Zealand standard
Suldundaus a.m.1995 Tnsudeantsnsagevlifidesunldiieyszneuidulaseadg
(Laminated Veneer Lumber: LVL) saufamssdnlsifiiunisidufinsdedewanden flaain
Susoadosnisldansrlefunadiles wu sefu £0 E1 £2 TunsustUBuasrlesunadiles

WM 1on.178-2538 1uldgruliidn udsnsndaldilu 3 gUuuu leun 1)
suuuuldaumeuen 2) susuuldnuatelu 3) sutuildnuiingm usnesguveslian
msfirsanturedifitnunsan dwdufiegaeuandedifiolsl laifisosy 1dluuuun
A fAvedlifilndidsstu dawtunansvedld fasananmsuuvainduvedld winndnig
fa1sanAunmaEvesll

uenIINIMsFILTnaINTeY SaflseaziBeamingosvesnsgius LN 7
wiazUszmathinldiflefiuyanlyinansusilinidimnssy wasmmaaeunuandiidana
nseenuuulasaine Feldruliisauszatu (Cross laminated timber) vidonsiannsgiuly

USulduraaaussina

2.2.4 Ao denavaedangld
AuauURdInavaeianlll (Mechanical properties of timber) 1 UuUjAsefAnfy
Fanldannusensgyineuen Wievedeuaiuulavesian (Hardness) Avudangu (Elastic)

= [ . ~ a o Y 3 1% [ goJ % 1 a
ANUmTleIveeTan (Ductility) onsiiarsantunisinanldidulassaiissuumen lngdui
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fiansaundunan fie anuaSenvesian (Strain) wazn1sasugy (Deformation) 81AiAN

[y

wsaAuInsyyiiuian tedrialuniseeniuulasaseld nssunsinadnluwuiideu

a111505UlAD9 3 WYe9IN1sSULTIaaY tAsaasnaldi nAURluA AT NUEWTHTINTY (Stress

concentration) 13U YALBNsBvetlATIaIald n1sivRAvedassadisldarunsaivalaainis

LIIRY WSINADR LATIUANUWUILAY (neutral axis)

1)

2)

3)

a)

ANULASEAUDYTAR (Strain) wiseandu 2 dnvae lawn wuudunss (Linear)
AINKIIRG LATUIINA AUATYAKUULABY (Shear) HIAIINLIUABULIAN
e R T T M e SR R S TR e eyt

Amuduvasian Aeussdunelutag Afndudedusinsevhannnisuen lned
fiudlunishn 1 mize dentseiiudl eaududiaguuuy Auduussia
(Tensile Stress) AINULAUIINLIIDA (Compressive Stress) AITULAUIINLTA
\2au (Shear Stress)

AUl (Toughness) Janiifiaanumioanin azaiusaiuusadulaly
spoghaniiun vieiSundnagsldindutanfianunsaiuanedealdun fns
aadundsanulilalaglsiuaniin Tng3sndesldnaaeunimimnies (Toughness)
ADIBNITNAABULIINTZUNN (Impact Test)

nswasusy (Deformation) utseanidu 2 dnwase TéuA nsiwasugULUUEan
a@fn (Elastic Deformation) Lf]uﬂﬁl,ﬂﬁaugﬂLﬁaﬂammﬂiw"w 1n13AUAI
naunndusuiia uag msm?{augmwuwmaaﬂ (Plastic Deformation) 10un1s
LU%EJ‘L!E‘ULL‘U‘U‘ﬁLﬁ@;ﬁu%ﬁﬂﬂamwﬂﬂizﬁﬂ wazdlansguiasuld e Yaginnis
WasugUauldannsansld uagiianisuaniin agianisunninainduans
(Simple Tension) lunsdlAunnsinuiimsesso daunisuaninuuy
Compression &g WUy Horizontal shear 1nLAA1ANTS9ANTENIINUTS

mauafﬂ,ugﬂ BUULIINTELLINA
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/-—-_—/
-~
(a) Simple Tension. ) Cross:Grain Tension.
(Side View) (Side View)

| = ] 7 |

(d) Brash Tension.

(¢) Splintering Tension.

(View of Tension Surface) (View of Tension Surface)
M
J ]
(e) Compression. (/) Horizontal Shear.
(Side View) (Side View)

dl a wa ¥ L4
AINN 5 LLﬁﬂﬂgULL‘U‘Uﬂ’]i’)Uﬁ]ﬂJ@ﬂIﬂNﬁiNﬂ’]uvLu

2.2.5 Aa5ilnludfuud (Finite element analysis)

Aszurumshaszilnluddwudifudiuniwesnsfivdszansnmlunisindule
PBNLUUDIANT TWYIsUUluAIUAITAIST1a0UUNINGYe A 596N AURIYIT A.A.1956
nszuumTIATeililuddiwud lagniwnldivanudenssy Wy anuganguvedasadin
AU LATNNTIASIETRIAUSENOUB981AS (Tumner et al,, 1956) N15IATITNLATIAS IS SEUU
ANSYS™ Iganlfifunsaun a.a1971 neldisnisiinnehidsiuanlunsitnuiiuiuees
TAsasnauuunang (Mesh) waglainsnangenawisnenainsiinaeuiames ladn1san
J¥UU “XFEM” (Extended Finite Element Method) #38t58n31g 4] Bubnov-Galerkin g

WUINTIATIEAIAUNATUYRIATIES 1 HUUAIYIE MUEATATLIRAS
UG =u"()+eX

o 0 () iuduudszina Aundnsnnnisiiaesed e () Wuduidill vsu
wWielvldnsAummuainduis Safoufiuan (0 Wadly wWelk o 0 Wumsaminly
fardusteitiodld Ut (0 Fadunasimes Oi (X) muenduUsyavsves ai(X)

nsuansnasensiiudvesgamgd ilellunisusnuszesduszneunaUsziamves
Yan sudanislddoyavetan wu aumuiuturestan (Density) Arnuauiifidowiy
Ussiamvestaniililuronsdnaimsinu FEA iilogsefudvese u uanseenunfunaud

WARIHA ANANNTseUUSERY (Partial Differential Equations: PDE) #iail
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n
") =Y al @i (x)
[=1

aun19i¥seyiusyee (Partial Differential Equations: PDE) @181504U4N13
Bpseilidunuugule (elliptic) wazwuulawesluin (hyperbolic) F5Aaszsilludaiuud

TonauAtdynisn1siATIEiuY Bubnov-Galerkin flaimanzdunisitesizvnuulaes

a 6

lu3n (Jacob Fish and Ted Belytschko, 2007) Weiln1sidenisiasiznluguiuuiieass

Tuegiunuudiaeiadng suuuumdaulng (dynamic) vieidugduuulindeulns (static)

Y

R Y aa A a Y o aa ¢ a a ° &  a
‘Vﬁ'&]LUuIﬂi\Tﬁi'NVlllﬂfﬁgﬂ\iV] AT NIIUIUDALUUPN AL LD YR ﬂ']']llNﬂWﬁ']@IUﬂ'ﬁﬂ']umeﬂﬂgﬂﬂ

AnNlpYAY

ANl 6 wanan1nsekuugUle (elliptic) wazwuulawasluin (hyperbolic)

nsuanINansanasudluszuy ANSYS™ Tngagnisiiasizilvluddiuud (finite
element analysis: FEM) T¥ideonuginmn “acceptable Skewness mesh metrics spectrum”
A1 0.80 - 0.94 Tuszauiianunsageusulanieiiniluiaisiiu 0.95 uazA “Orthogonal Quality

mesh metrics spectrum” 9 0.15 - 0.20 Tusgauianusagensulauaylimsiosniten 0.1



Skewness mesh metrics spectrum

22

Excellent Very good Good Acceptable Bad Unacceptable
0-0.25 0.25-0.50 0.50-0.80 0.80-0.94 0.95-0.97 0.98-1.00

Orthogonal Quality mesh metrics spectrum

Unacceptable Bad Acceptable Good Very good Excellent
0-0.001 0.001-0.14 0.15-0.20 0.20-0.69 0.70-0.95 0.95-1.00

ANT 7 WERIUoLUzUNlUNTIAIIZAATIES1WUUANY (Mesh) uag ANSYS™

2.2.6 WigawsUseiuna

Isfenemafiinunisuussd fiunszuauniseuiineuda uasannsoldould wif
fvhliuay madansdauszany Fegnibanldunluliforsnsuussy delilalsiauin
wihnienuiinaindons ndsanlalilindng asgnanesngud Wevihnsderdu Taeld
Fnsdedusuuilulan (Finger Joint) Aouazihludna3asdng nnmsauszaiu e1ams
Tuuszmalnegndsesnsdisdeiies lesaniduliidun Wulifigndeonainlnegoda
siores ndsnlifdn nanlandasendt @1v717 (White teak) Ussinelneinisugnaiy

819151 11nn37 18 81uls (AUEANYINISAITENINIUTEINA AMEIATYANENT NINeIaY

1%
o

MaNIAN NG, 2556) 80% VBIAIULIBINNAIALAYDIUTENA LN¥ATNTILUGNEILNETAU
g19N157 LRENaNaRYLAANNYINIANNYINEIUENIUTBU 25 U 1NWRTNTILHINSIANEIUES B9

yililaldenansnduiuunn

b o)
i 8 llenemasiaandmvminglussuvgnainssy
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upvedblierssnleuihinldusylovilununeadatunugiu lawaldudssun
Praunldduandy wazliedu Inedrudsznavvetarmistel nstglduandy Tadundey
a o = vee | o 5 A Y | o oA v o A '
Wesnagaemuandulvanniiseauiy ieliialiidene sudanelviuuas dngilyl
a1u1savinaneiianduls vwanfdeulsldlunisvinandy lewnvuie 6 972 817 6 W , 5
17 877 5 w99, 4 97 9717 4 Wes way 3 197 8717 3 wes Wusu dlfiwdsguandu nldlunis
Sudminanlaseasne Deuldldensnnsn auie 1% x 3 97 %98, 2 x 4 97 Wiesanuinld

@ no/ Y] ) v % ] LYY d'clﬂ! 1 Y = o | qol Y]

wianlunsendu vilislausuyu wu d13a (Clamp) Niidunugandld Jainliludiuandu
Heuldldunnni @inideiasugianasndnnatld, 2547)

AaaudAganaldenmis Wisuiisuivlivgnidandied wu Lidn ldeen ldean

a v = & v = v & = I3 a X
ausd %QLUU%@%@IU&QWWLﬂUﬂ VﬂﬂhlLLVI\TWW@J@J']Wiﬁ']Uﬂ']']@J“UU 12% 2UAITULLUILLIILNUVU

s
a a

Uszanad 1.5 w1 vasauandiluanimilen aannsfnwinuinliienaimng dandudseans
n1suAndin wazenduussansanubangulnadesiulddn Wewsuiuldugniandad

ae Y meq wazldyanauda

M50 3 wansraandRdanalignmnsndlsuieuiuldvgnidandivg

wile nsAnanng ANILAY | AIAY | ANLAY | Adauda
MOR MOE Sasain | Smuun 120U (N)
(MPa) (MPa) oy ey UUEeY
(MPa) (MPa) (MPa)
ldfg1awisn 95.00 9,414.00 20.11 46.00 15.80 5,276.00
lﬂmzq 58.23 5,518.43 4.44 37.02 14.72 5,276.00
1gman| 7600 | 7,188.00 . 36.00 1230 | 7,167.00
auda
bGR 100.00 10,089.00 - 49.00 14.60 4,864.00

2.2.7 mslgldilisauiuniswaaldenswisuseiung

Tidufiviuyudinanlivsslovilunsieains Wesnduiiviivildie Wudialal
annsothalivsslondldmeluszesnm 45 U aunselivsslomiidludnumuznisian
ws3U vioansaldlfiaslnglaifesuussy Tuituiiidldliinn smthdemiannead
Bowedowmn wszddununisieaiiefilias aunsarhleios Tnglsidesiiaussan (Correal

et al,, 2009) viavaaliiluluuszwealnemanzaulunistunlddulasasne 1 2 via lown
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1me (Dendrocalamus asper Backer) waglildes (Bambusa sp.) (@¥1# newnws, 2547) &

AaauuRansaliiutanneasild dauauifdanalndidesiulienmns wnlimsshwviie

Linewe angmgauiumsldfedduliniiony

'
Iala

4-5 U (Yayes auinsng, 2556)

1) anwazvasnliuvaalille

2)

Tiduienfidnvazdune Wk Suieilifaunvesis drdusn Sdnvazdunse
waon (tube) Melunais liansnsasn uazwenduldmendediofianuisam
ool wu fnd Tudes Wewinusnafiseurediinusznousedan vl
lifin1sseusanvesia wiazvhliiasesdeflddmasniuauls Oules JA.
Janssen, 1988) vildasnsraasuludeslunisvh Taswadrsvedlsiiannsauuss
Mnusufulmn uagauwg Javmngiunisiuldidulasaddluiuiiifn
WLl Uavaunig

uauURINavadln

D D

ﬁ’]ﬂé’aaﬁummLé’um@uéﬂmaé"fmwi 8 — 18 [WURALNAT ANNEIUTZUIN 20 LUAT
(@877 Yayifin, 2528) Aunukuuesian (Density) 767 kg/m? n1suasiniu
$ATTEUN 4.5% Uay ANUnUI 4.2% ANEND 0.1% @WH ey, 2547) s
an sgfimnutuegi 38-60% daduiafeiidmatunisooniuulaseaie 3
sufudessunnuiuresiilildssiuanudu (Moisture Content) fisesu 11%
Aouthauwdssy mstRvedliiln (Chung and Yu, 2002) wuddsuuuun1sIUR 2
wuv Wuf wuy End bearing Zsannanuduvesliili uas wuu Splitting 1inan

Fuduiiisossn visedidulenliauysal

a wa o 1 i
15199 4 uansnasantRidanavastiinulussinalng

wiald | ANERWMLL | Mawia | Aaeen Masne | Mawdew | lupda
(Density) (MPa) | wwudeu | wwadeu | wwudeu vy
(kg/m?®) (MPa) (MPa) (MPa) (MPa)
et 710-856 156-175 |  39-57 98-196 8-10 19-370
Lidan 630-935 79-200 31-85 91-421 11-14 54-878
T - 81 63 127 13 23
iides 670-848 71-265 38-92 104-271 11-14 122-257
U - 181 35 103 - 147-300
Tuslug 520 69 35 - 20 66
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wiall | Aenuvwwiy | MdWe | Masde Masne | Mawdew | lupda
(Density) (MPa) | wwudeu | vwaidey | wuudeu vy
(kg/m?) (MPa) (MPa) (MPa) (MPa)
[N 586-779 13-191 10-73 9-385 1-14 60-702
Tvn 560-961 | 100-125 | 31-61 76-96 59 86-223
T - 152 38 - - 69
Teegn9 560 100 53 - 24 91
Iduzasn | 790-935 117 50-58 - 4-7 190
Ignswia 727-796 | 152-189 | 5863 244-261 12-15 292-650
e 572-843 81-239 | 5587 107-394 12-15 112-191
Tedls 620-750 | 108-130 |  41-53 164-438 8-11 31-381
Tsan 472-845 | 106208 |  41-83 118 5-11 78-177
Tsanen 768-944 | 135-159 |  50-71 150-213 8-10 314-580

10: Yayaa duins1e (2556); anSen Ussesnid uay qUIA qrased (2556); sun @vipdingIng

(2559)

MnMsanwInuantRlnaretii nulvlavetliun Lides bidan Tisswia wagl

= ° v & % N A ay 1 A a | ! a A
9N llﬂ’mllLMN"IIHﬂ"Iiu’]@J’fLSULUUIﬂi\ﬁair]q l]ﬂ’]LaaEJV]‘bJLM'JEN HAIUITYENRINUVDIANURAYN

wiuaY wavdlAuvuuiy (Density) ¥893aR11NNT1 600 ke/m? Haruwnzaslunisihunlyd

Wiulaseadne Tudumetlisn wazlusingn witnazianuruiiiuvaduianunsaldlulaseasia

19 wigauanTRussisuudou Sdites luawsesudulassadsauls

3)

nsandenllkiieldlunisuseiunn
Il AwmuizaudunIsiiulgluanunease wazlunisuanlaldusesiunig
Usgnaumenisaatiteaidon 2 35 laun eAauuuTvun (Clear cutting system)
Junisdiaiianun visandunazynaisuluiui waziSnisdauuuiden (Copy
I3 & 1 v =] I3 [y
selected system) Lun1siden@nizd1ufifnesnis SANULTILTS WEAuNIT
A ° ' ) & ad o v A A a Ao A ' A
deonuhldliuseiunm wasuiSiliuiivgnin Indanaidsgunii Wewin
Liluiiwndidnwazilune vliadueganluneli Wuduifionauinninduey
A1UUBNYBIND N fadun1sinnale JsdrlulTUsslovunatgaen Wy 91U

FRONTTU TUANLAS TUNDESI (NTUALSA [ Bdnsne, 2545)
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Innfiangwnngaulununeasnfe adubindeny 4-6 U iWewnaisuasianig
witle Fuuediiunun MsUssanaegduliannsayssanaeigla 3nisduns
seeflauluivgaeenaina i (Counting by the leaves scar) Feazngasaslumn
UlusggSowvesUsemalne vilianunsaussinaeegvedila Useneunisnisgd
Yosa8u (Color of culm) ey 1-2 U aglnauladunifinegusnuaiu uae
= Y o w1 o v A o ! Y | = o w '
Anuvinansu Yanattumsdabidiethunldliaisdnlurigaru Wesndeiila

< % Y | 1% N A 1 A vo o A 9gvo v o
ANlUAIEA158IMNT AISARtUYIGYUAT ToISENIY NI el

91suey anlamnsTuvedngity 1w Nen Uain wazuiadu 9

A9 9 wansanlildmsumseulilusiudunisuaalderamnsiuseiuni

4) msmssalilusmdunseaaldsnenisusedunm

nsoausrauldluusenevainlilduny (bamboo-based composite) nanee
2 v o R DI o o | 2
U wazadoununatgdulutuvesld egrslsinunisdauszanuldld A
Yy o A% o 2 v yda o o = v & a o
Yadenuninvesulindumidnuin wWesanldlidemiedoulsduiiuiuuin
wazaadldiialunszuiumssauIuLIL Feazdwraduaunulunisasne (Correal
et al., 2009)



AN 10 wansdnwuzmsialilliauiamsouvinliluuseiun

27

AW 11 wansiuldll vun 5 Sadwung
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AN 12 wanakiuldll 0 5 aduum

gaamnssuliionmn srmnsgndseenetsieiilos esandulifdu (Juldd
gnaseenanlveeddeliles ndsanlidn naralaniadonin v (White teak) Uszine
Inefinisugnaiugranist 11nndt 18 d1uls (gudfnwinisArsenitalsena ane
WATEEANENT NN TINETENONIIATINEY, 2556) 80% VBIEIUENBENNALIYRIUTENA AR
v 240,000 15 s Lﬂ‘UG\iﬂi’%UQﬂﬁJ’NLﬁ@%‘ﬂﬁg’lﬂ’m‘v\l’]i’l Tnonanasslaainyrananiivia
arupsluseu 25 U inwasnsaziinislauaiuens doilildlformisdmaunnn i
g9NTTiELNITuU3U Aunszuiumseutheuda ulzannsaldenld il
wAy maliansdadszanu Fagnihunldunnluldermisudssy

s

Weramsludsswmalveiiviglugaamnssuldudsguazduldorsnsane g

]

Aao v )~

PB235 osnniduaeriusifiddugs fhstles dnvazvedlifidunae THnaugniilerin
panduluUssUinun 18 U wanganfunsiadaduliormisssiunn mndey
Aulifnauiuas wdldensuiwns 928AULTU5WINNINBIINITI@1ERUS PB235 W
AuantAnsadouls wazauasnueIInTEeus PB235 andufilouannnii d151e
Tutned w.m.2562 lasunail 2 lngsradminglionauiuas auaniide 1xa 42 s1Aogi

Wwnsar 75 U WIguliguivenamnsnaneiug PB235 1nsa AB viun 25 aduns (1117) 913

IARAERLN 352.50 UM sfievieu viTenNiATay 146 UM (NMs8NwAsUsemelng, 2559)
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2.3 msneaielassaielinudneasiion

walulagnsneasidassaialdmudnuaueion dnaungeamnssuliusgd lng
lueiiuanseiu donslfifulassadudardiu wu asiiu Tnsaasuls warlassaia
ndsan sunvumsieafemudnuazden Iignifmuieliiedeiniosdionsasis n1san
szgzatunisneadne wazldvunld asetvanamnssulduuugy RSyian gatu, 2542)
Taefloaldvunn 2 x 4 @9 waggrusnduneundaasumdn luthsuamssedl 19 ssuunis
fead 2 x 4 i grimutuluiveninuiie lasfesldluamsmieinordevuadn 1
Forrolulasadranimdnud Walslunssudminunuan (wall bearing) audswas a.a.
1930 srUUNTseaine 2 x 4 i grldvtviveiwin Tulssmalne stuuteadrmannviane
sUwuulfdnanmsidriannoasnddudast wa.2530 snfegratu mstudilifau e
Tonoatalasasieldl lunisieadrssuuuuiazfunisnoadassuuuis (Dry Process) Lite

2UAALIAN BII9U TUNISABESNS

2.3.1 Ta59a¥1955UUN5M0E314 2 x 4 17 (2 x 4 Construction)

druUsENauTeITEUUAeas1e 2 x 4 @7 (2 x 4 Construction) Uszneudig aafiu
Tasaas s wazlassadramdenn deimdfiidunsovveseinis wasidulassadeiisu
dhmiinvesenans nifsveseansilasdndiu (Brace) Mudsudfiowiuussansnmnissuunss
(Gumnad arndng, 2504) lassadiwaserarssruunoains 2 x 4 @1 dngnladieYagiid
anwagtdunny ﬁﬁmumaamﬂé’mﬁ’ummanﬁuaﬂﬁwigﬂ (Canadian wood-frame house
construction, 2005) snf1eeay 2.40 x 1.20 wns Wudy weludru nsity Tasaasanis
warlaseasramaen ludiutanunula (Wall Sheathing and Exterior Finishes) anunsald

[ [

Fagnamsamlanuiasdu vsedanymdialussuugnainssuls dulsznauredssuy

nsneasi 2 x 4 13 Usenausig
1) 31u57n (Footing)
FIUTINVBITTUUARATI 2 X 4 17 anansaldlivaregueuunuanmgivssme
dglj a IS dy a - LY % N A 4%’ o

LazanInYeIiuAY Asiin1sengeaniuay iedesiudnsitvnagiuluvinane

Tassadsermsfivienlll awnsaldssuugiusnAounInEsuman muanvue

Honlusuuuugusnia1sessu (Pier Foundation) Usgnausig §1USINKN 41

= a < LY 1Y 1 Y < [ Y a v

ARUNIALESUMAN Auantdinlitesndt 6 43 wavmniludnwasianlsd Jeuld

nlintnanlitasnin 8 47 warAuSUnINU
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'«— rim joist
a
=~
1 \H\w 3 header
4, ' — floor joist
ﬂrq L g 4
a ¢ <. o
" - g concrete foundation
&, 4

AN 15 WARIgIUTINAIUAIUTUAIY

2) Aty (Floor Framing)
pefiuntseanitu 2 suuuy Tdun wuuseuseiu Uoist Floor) Sealdliiuysgy
U 2 x 4 T2 uazIuIn 2 x 6 12 Ingneszeziing 12, 16, 24 9 fllsiuseiu
seminesevneldvisadls daussuudeadne 2 x 4 41 asldiuwuudn (Floor
Trusses) ¥weifiduns Aussiuiy lunsfiuazUseiugemeu Tutumueaile

yMlsniunszanensslaogetiussansain

supported joist length
=3.6m(l2ft)

beam end

foundation wall

interior support

beam span = 4 m (13 ft.) built-up beam

NN 16 wansmanuLuUsaUseiu (Joist Floor)



32

3) 1A9LAINTY (Wall Framing)
Tnsensiudsuosszuunoadns 2 x 4 97 Usznaudae ldnieds (Stud) 219
SEu¥RIe 12, 24 0 Gﬁuagjﬁ’wmmLLazai’Wmu%’wuaamms wazldnieuou
Usznaunwlil@iany (Bottom plate) lidauu (Top plate) Wiunas (Lintel) &

Yuanidavasliivinduimue viniidunseulrtulasaasiue

second-floor joist

fire stop

19 x89 mm (I in.x 4in))
ribbon let-in

stud

alternative
corner

insulate prior to application
of sheathing or sheathing
membrane

first-floor joist
fire stop

L7 7=

foundation sill plate
(anchored)

A | o
AN 17 LLaﬂﬂIﬂiQLﬂi']NUQLL‘U‘U‘U@aQUstﬂJ

—— top plate nailed to each stud
— top plates nailed together stud toenailed to

bottom plate

top plates at
corners and load
bearing partitions
lapped and nailed
or tied with a metal
plate fastened to
the top plates

butt joint with metal
tie or lap top plate

double studs at openings and multiple

temporary brace studs at corners and intersections
stud and jack stud bottom plate nailed to joist or rim joist
cripple/trimmer stud subfloor
window opening let-in bracing or metal strapping
lintel when no or non-structural

sheathing is used
PN 1 CY s
AN 18 wanglASIATIHTILUULNaAN B SIS



33

4) 1A39a319183A1 (Roof Framing)
Tnssadrmdennliusenoudie vfinuszneulufl (Stick built rood) iz iy
9PsTidTaamInvewiionA1slin1e wazeiinlasadn (Trusses roof) Aianunsa
vszazdramalanie Mlasslidnuunald 2 x 4 2 e msuneaudundaen
(Rafters) Wulidaudnlidesnd 2 i Taswadmdnnlusyuuroadns 2 x 4
i feua¥a 3 U 16un JULUUITUIL (Celling Joint Parallel) @190
sldRanuurug (Parallel) uazuuURIaN (Perpendicular) giJLLUU’m?iu
(Gable Overhang) sUnuudy (Hip roof) figoufia Hip rafter 9u1n 2 19 uaz
sUnuualaseasemaaanluludsu (Flat Roof Framing) n1seanuuulaseaing
w&ae Afianuaimdes 45 e asdinnuduiieudu 12 du 12 Tunsdiimny
AMALB8ININNIT 45 BIAT ANAITUABITlININAIN 4 du 12 wdnedediaanu
494 i N 12 1 winauaiadutiesndn 45 oer sxfastusnsidiu 1:5

MeAduuIRe 1 Mihe vesnnudunn 5 mie

ridge beam

rafter

top plate of gable end wall

blocking between lookouts
to support roof sheathing and
inner edge of soffit covering

lookouts at 600 mm (24 in.) o.c.
ceiling joist

top plate

header or rough fascia

lookout cut away
to show top plate

fascia board at eave and gable end

L cornerstuds

A9 19 uandlasiaiadsnnguiuuiegy (Gable Overhang)
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hip rafter at least 50 mm (2 in.)
deeper than jack rafters

jack rafter

ceiling joist

top plate

A 20 wanalpssasavasagukuudy (Hip roof)

alternative framing layout (dashed lines)

roof joist

lookout rafter

exterior wall plate

rafter header

A9 21 wanddasiaiadinnguiuuuedTu (Flat Roof Framing)

n1snea¥iseansiesTULieaiis 2 x 4 i (2 x 4 Construction) HuszUUNNT
roadefldliuuszuaunm 2 x 4 f fssewsinlasuadiliifu 60 iwufuns Tudidunisiu
wiin Tngldfianennns awsaussneuiududiudiasuiiiotunusenoueinis uas
tanBnde Yanfiidnuusduuiu anunsafaddiulsznauainsiaeldanguuusig q au

AYNNUIVBIEINUTLNBUBIAS
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2.3.2 Faqueulaszuunisnesa’ne 2 x 4 #i2 (Wall Sheathing and Exterior
Finishes)

spuuMIneasng 2 x 4 i Wunislilassadenifinisuen wazninisludy
lassadrufeniu areuendndudedddianunule (Wall Sheathing and Exterior Finishes)
dieundledlassadne vandsenislauuasuaniivhatoindeuld sawdanisgniiaindu nie

ANNTUIINANNLINGRUNB LT TR LAssassaninsaldlaaniuiu

panel joint over joist cross-bridging

joist under partitions continuous wood strapping

parallel to joists sub floor nailed or screwed

joists lapped over beam to joists (field-gluing will
blocking

floor joists toenailed to sill plate

anchored sill plate rim joist end nailed to joist

joists parallel to foundation rim joist toenailed to sill plate

N 22 baneTanuruUauLaaNy

blocking spaced at 600 mm (24 in.) o.c.
supporting soffit covering

ridge beam

rafter

19 mm (% in.) nailing strip
to support edge of soffit

ceiling joist
roof sheathing
to underside of roof sheathing
top plate
studs
rake rafter supported by ridge beam,
rafter header, blocking and sheathing

rough fascia supports

corner studs heel of rake rafter

N (% [N b4 v
AINN 23 LLﬁﬂﬂ'JﬁG]‘LLNuUﬂUuIﬂix‘lﬁﬁ']\‘iﬁa\‘lﬂ']
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Metal or vinyl Bevel Drop siding
i /
exposure I

Tongue-and-groove Board-on-board

\

d‘ aa a 5 L 1 a ! U
AN 24 LLﬁﬂ\‘i’Jﬁﬂ’ﬁﬁﬂﬁl\‘l’Jﬁﬁ]‘LLN‘U‘U@IU?{’JUNUQ

nails 300 mm (12 in.) o.c. minimum

metal H-clip, blocking or
tongue-and-groove plywood

2-3 mm (Y& in.) space

nails | 50 mm (6 in.) o.c. minimum

grain direction

double top plate

(%

ANA 25 WARISNSARRNIARLKNUTA L UAIULATIZS 198 IAN

q
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roof sheathing

eave protection
roofing nail

tar seals
exposure

fascia board

starting course either solid
strip or reversed shingles
with tabs removed

A9 26 uansIsnsAaasiaguruUalagBuiagi (Shingle roof)

Spaced method

nailing strip

Closed method
roof boards

joint

rafter

ceiling joist

plate

A9 27 uansIsmsinnsiagurulalaggnuesa (roof boards)
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I1nnsAnyIiRuINIslEUszAunT nMseentuulassaialivseiunig wazuinsgu
MAgTes ansnaguliin nsesnuuulassaeliuseiunm Sudusdesdileis Ussuamves
fianld elfaoandostuimuinisliussduniluseduunned uagluuszmelne
sULUUNIAead Ty 24 ih gnivwulasaasinils viliannsoanaailunisdeasns

wazU3unatanildlunisneadiela nisldldiiienisneadie Fadunszuandsnuidausuiu

'
a A

[y Yo A & v o v & 1 YA o d’lj a ! 1%
ndusnltianiludnssedauinden awnsatluldlsslovideladaiinissonaudnaasng

o A

= ' ° o I o v ° [ o vy o v
LWENLLG]QU?ISiﬂmﬂiUVIEJQVL?,JV]ﬂmma’lu’liaum’ﬂsﬂumiﬂ’e)ﬁi’ma’]ﬂ’]i“um@iwmim LUBNRIY

<

ToANNNAIUNYMUNER1A1T wazmalulagndiaglugiemasiam
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U 3

AuauvARnavesdaguauldliusziunuazlfisnawis

nsanwnuauTRginavesiaamanliiliuszdunnazldenans 1Wuidedmeans
(experimental research) Wisuiisuiuldianamsuseiunlussuvgpamnssy nsided
IFuvstunounsdniunside Ju 3 seeeldun swesdl 1 mseenwuutanlassadisuaulsl
Uszunnnazlifenams seegd 2 nmswdataawauliflivszdunnuaglifonamisdmniy
nagouanauTRSNg sreri 3 NIl nginuantAdnananinens vesTaguan
lassaieldiiuseiunnldenmsndsunheinends n1sfinw3snsndndanuuin 2xa
i Tuszuvgeamnssuldl lnsutswanisnaaevesniduauantidnalufomaaes uas

nszUIUNTIATIEAlNIUBAILLG (Finite element analysis) Tun1sasiagouNanIsNnaau

3.1 tunsuntadIiumside
msfnwdoyalosiuiunisfnsisoanuuuniinvestanlassadmau skl sz
nauarlforsns ielvldtagifiaauaui@idng aunsaiuusinsiuussedonaunuan
Wwls fslianuaenadesiunsndnlusyuugaavnssuliludssmelng msidelaeeniuy
sunuulilriuazlfionmislsziunmesnidy 3 wuu ldun 1) 3uia twed (Singer layer)
2) fuida tatwed (Double layer) 3) 10% Latwas (H layer) Wisuiflsuiulsionimnsusyiu

i bdlaldtuvaglile

3.1.1 szaed 1 nseanuwuudaglassadiawanlbuseiuniauasldisnamis
n1seenuuuianlasaianauliuseiunuas s smiunannamansian u
NFIATIERANUEUNUSITLAUTENINAULAY KAZAINASEATDITARAIUAULTIRTIVDS
WSIAR WATUTIFIMILLUILNY (axial tension) N1TBBNLUUNEIGR liiAsiserausiau
a ay Yo a Ly = = a v
wkNUAzuAlaSUA1ALAS AR (max stress on neutral axis) FavniUTeuiieuld
g19N51vUIA 2x4 93 Tussuuaeamngsy azlisessdeluwuiinuasiunlasuainuasen

gj dl vV Qg’ = 1
geganavun 1uA1nd 28 wansliiensnnsy v 2x4 17 lussuvenamnssy Jskimangly

o Y < Y o U 1% =2 v A o ¥ A 2/ a

st dulddmivaulasaie sudamsdatestureddyd deonldldenmnseguion
Fuauuen (Outer layer) losanldansnsaunsavihauiuiion asy wazlnnunanowsy

nszunnlaani il d@uldlildlugiutuaulu (nner layer) Wedisiasunsslunissuussdn



40

voeian widnisdnunldludiuduuen (Outer layer) agaglugailinadfian uwinlduiy

[ 1 [

funisdnunlgsiudunisneadaiuianneadna wu den nzy n1swizlaeldieiesde wu

q

aulni Wudu

| Tav |
o Rolling
< Shear
ch\,] N A T Max Stress
il on Neutral Axis
O —
51 Tmax

| | | |
/7777]] PARA TIMBER

A9 28 wansldeanns e 2x4¢ 13 Tussuvenaivnssy

| Tav |
[\I’)
o * .
‘ / Rolling
@) T —— e
Shear
Y Max St
O ax Stress
O .
=% N A T on Neutral Axis
T T, ——
M)
o »
51 Trmax

i |
//7”)] PARA TIMBER
[ | BAMBOOLAYER

M9 29 wansniseaniuuiagiassasmanliuseiunkaslionmns e 2xa4 i

3.1.2 szasil 2 MskAndERdmIunadauANEIURALTNG
1) msAmdentlionsmswazlili nsndntaguanldlhuseiuniiwaglyd
g1an1519ukuU M leannsiug PB235 tnsa BC vatusewmalngaigaisu 18 U uaz il

A3 81ga19u 4-5 ¥ 91ndaninsvys Usemalne nsusziunildnaning wmsgiu



41

gAamNTsY DIN204/205 D4 Tudngdru 100:15 $radsvurasunuuduldl 91nunsgin
ASTM D 143 - 94 Tuauin %un 30 Tadiuns N9 30 Jadluns 813 600 Jadluns wan
Franuadoenay 3 Tu wagidsoaiioifinnsidevneszritaaseunuantiidang fegn
A1599UUVAY 2 TU TAURMUA 20 Tu S19azBunvetulsl AuAS19R 5 LanIEnYAY
frograssunuuldliwagliorsmsiseiun Ussiunmeusuuliiisuaiundiuuuils

Ay 1-2 WwuRwes ety latnaniendanisusenun

A15197 5 hansanweiag19aanuLuU b lHkazldsnawsUuseiun?

nauliiduuuy | anwagdie EMIREIGEL
A Para-wood 1ffenamns Tufidulstle
B Singer layer | ldfanannsn 84l 1 9 wun 5w,
C Double layer | lfenannsn Sulstln 2 $u wunduas 5 .
D H layer Henawnsn S5uliflel 2 $u munduay 5w,
Tunwrauny uas Wil 1 90 mun 5 w1 Wnadunas
Tuwuads
= Bk
30 30
secTon A sscrion

e
1w
& o
I T
e
125 |5] 125
30 30
SECTION Cc SECTION D

//////] PARAWOOD GLUED LAMINATED

BAMBOO LAYER

AN 30 waRINNeR (Section) Auuulillakagldenanisiuseiunii wuu A, B, C, wag D




a2

2) mssinlilli wazldenamis aunsadaldledls 2 35 lawn 38aladdunny
AIURLIE1 feLadendesliiuunena (vertical band saw machine) vuia 380 Thad waw
Rsdavanslidunan seniesdiesiiing mussnisdusieiiaond waztunlddne deu
el Rl duunn §938n5198Un wazanilunsdniidedefeldinarunumansdunou

wivarreazlaUsuldlNNausathuUseAunleunnINAsldesades e luinune?

——

A 32 wananlilluanesanassldnnulkuien (vertical band saw machine)



NN 34 Wa

& b i |
AITUNDUNNS bartr

llHAlAannNsdy
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aq

A 35 nandalillnnlaainisnsdauassliiduna

nsdinlifenemnsndenmianlifnsmnsilussuugannnssy nsa BC Afvuaniida
1.5 7 vhnswueniudngiiv wasiedoutudondidasy wlnldidedureulunindesly
wnha Wesandaunieiilfiduanunisinanainszuugramnssy danldlilda
w1 12.5 Tadwns &miuduuwuy B dn 6 uag 8 Tadiuns dmsusukuy C wag D dwsy

nsidegslunisvegeunuaudRling

A7 36 wansnsideeldenansiluwuien
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3) nsUszAunldnanindauuinsgiu DIN204/205 D4 Tudnsidu
100 sio 15 Tumsiseadadldnnadind 170 n¥u denisweduea Wesfanles (Resorcinol
Formaldehyde) 30 n$u sdaudl 1 msawns UssiuliTnedasmdu (Cold Press) 14aan 15
Falus Tun158m dreuse 150 v1s WievhnisuseduldiZeusesudn avdeaihliflvudslany
AMAATAAAULUUTEIN MU 30 1Y, 1319 30 Wy, 8713 600 Y. AIUNINTFIUNISILIFIRE
nAEeU ASTM 143 — 94 Fasmusliiliishet eghsas 3 Tu sauavun 12 Fu wazdses

feg19ag 2 90

29 38 wansuseiulilnesamdu (Cold Press)
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it 39 wanssuwuudaaranldliyseiunnsaslisnasidmiuneaeunuantating

3.1.3 5302l 3 MaesesinauauTRGsnan1saadnenssy

N1INARBUUTENDUAIINITHANITNAABUAIAIULALATIA (Yield Strength) AINNS
Fuusesin (MOR) Arduuszavadangu (MOE) Anlugdauaadia (Young’s Modulus) uazn
AuLTa (Stiffness) 1n3oemaapuildifuiaies INSTRON fu 4466 uansnan1ulUsunsy
INSTRON Series IX nAa@un13ARIBIUY 3 99 (3-Point loading) dn1saiuaugamgiingly
Womaaesfl 20 esrwaLdea mm%yuﬁma&uiﬁ 65% MNUAYATEITU (support) vestunuly
svay 400 fAdAT MNVUINFULUY 600 Hadwns suszezudontuliifinaasuilay 100
fadwns wavnaushunawestuld ferirnndalumsnaiiuty 10 . dewdl nasunsy

I
Y

Medaninnsuaniin viseauninagldannsafugulsmileusy
O ¥

AT 40 wansnswseueIaamaaauldiiazlienmnsidseiunninieluismegsy



ar

1) Werems1Useiuna (Para-wood) unusigsa A wuinliignanisfiaiaiig
wuAsIN (Yield Strength) Qﬂqm‘ﬁ 2.299 Alailsiu (kN) ’3’619]13Jﬁmmmm3m7m
Surhwdnuialddnidlodesy wazuaninuuuuinasesunniiusai (Simple
Tension) U’%nmﬁmﬁﬁmalﬁﬂﬁuuma‘c’m'a (finger joint) HAAUAIUNILLIESA
qeae?l 52.73 wngUnania (MPa) wazdlsnsinsAusa (Toughness) laduogl

0.02 HadLung

500_' 520kg |
ed 400
= ]
T 3004
—]
< )
200 - .
100 - ]

T T T T T T T

00 01 02 03 04 05 06

Displacement (mm)

AN 41 nslwaneNanIsnaaauliienanwnsiuseiun1 Para-wood S9d A

A9 42 Lansn1svnesldusiuseswanitsaneadlienanisiuseiunia Para-wood S¥d A
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2) wuudaia 1awos (Singer layer) unuAIHa B wulinusiusosne bl
(Finger Joint) tiiasannn1ludiunessesseliidun1idauszaiuldannls
g1ansAvinsthumagey Wulinanansyuugeamnssy wuildiAnng
waniin dnansasutminduduldunnninisuaninluadusn faenudumy
ussingegadl 50.15 wingUrania §as1n1sAusa (Toughness) A1 0.0744 1y,
w3eLflauin 1 Wi vesszezaInITMadeu fiYae 250 - 500 Alansude

AITINYURLUNT

500 a B-001—— 4
400 -

300 -

Load (kg)

200 +

100 4

0
Displacement (mm)

A 43 nsmianswanismageuldiiuayldsrsmisiuseAuniuu Single layer $9a B

a £y Y a . )
Q1NN 44 LLﬁﬂ\‘iﬂ'ﬁ‘ViﬂsU@\ﬂllUiLfJﬂJsaﬂLLfﬂﬂ VBIELUU Smgle layer INd B
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3) wuusuiDa eees (Double layer) unuaawsHa C wuINnAnUsIMIaenold
(Finger Joint) iuiisafufusunutlungy B wag D uilivaaainissutmidn
vssnldmuniduusia 81 iesaniturediilifiinnnd waglienems
Usefun1Ikuy Double layer 5% C-1 wudinisdutiudnussnn dere
Frunuusedingegail 56.48 wingUania lediAnAuLAuATIN (Yield Strength)
geandl 2.184 Alafiafy TnsnsAus (Toughness) 11ngndi 0.1396 1. ¥io
Wiguwin 11y 2 veaszegiiaInIamageu vl 450 - 480 Alanfuronisng

LIURLLIRNS

600
5004
400

300

Load (kg)

200 A

100 ~

0

Displacement (mm)

A 45 nsmikansanisnadeuldlanaglienenisiusyiunianuu Double layer % C

A7 46 Lanan1svinuedldusianseswan veeluu Double layer 9a C
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4) uUULeY Lawes (H Layer) wanswanisnageuliliuagldenanisiuseiunia H

'
=

layer 59a D-1 wanslimuinduwuulungusia D1 Saraudumuussingsgn
76.97 wingU1ania visewig Ul 784.875569 AlanSudensawudiuns wavil
ngAnssunIssumtnNausasudminusmnlauiuiian d8ns1n1sAusa
(Toughness) 1Mn@A9 0.1574 Wy, Msowiguwin 1 Ty 4 vasssyzaInIsegay
A a U ! a = A I A v I U a =

1934 450 - 600 AlansusionsueuRung FadadddnsIn1sAusmINTIan e

Wisuisuiuausuulungy A, B uag ngu C

800 - T D-001——r
600

400 +

Load (kg)

200 -

Displacement (mm)

A 47 nsmianswanimadeuldliiuazldonamisuseduni H layer 9@ D

A7 48 uansn1sinueldusuTeswan YaeUU H layer SWa D-1
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31NN15HUIHANTUTHNTH INSTRON Series IX lneasoamnnaay INSTRON Ju 4466
WU UUNTA1AINANATIN (Yield Strength) Aaduuulungu D LU H layer 3iA7
NSFNULIIRRGIEAT 76.97 wnzUrania Tudiuvesngusiuiuy B wag C Sallauaudinlid

AuwAnAeInngy A daduldenswisfmednaupuediefitedfny wazanunsosudimiin

[y LY [

oigegadl 760 Alansusomsruwudiiuns waglugrmiansuianisuaniin Jandaunsas

q

Wwwntinle? 620 Alansudemsraaumiuns auaudRBnagUuLuull aunsadeuweuiuaIu

'
va o

v aa Yy A o v o i o " a a wua a A a =
SUEN'JﬁﬂV]LﬁEJ‘VI']EJ‘l@ LN@U']VLUELEULUU'JaQﬂaﬁiWQ @']ﬂ']iﬁ]ngiJLﬂﬂﬂf]irJ‘Um u‘VlLllaLﬂ@ﬂ'ﬁLﬂEJEﬂ

M3 6 wansran InageuRnaNURllliuarllomnsseAung

No. | Yield Strength | MOR Modulus of Rupture MOE Modulus of Young’s Modulus
(kN) (MPa) Elastic (Stiffness)
A-1 2.299 52.73 7,480 9,150
A-2 1.810 43.73 10,260 10,350
A-3 2.208 50.01 7,446 8,924
B-1 2.144 49.40 5,818 6,231
B-2 1.684 38.02 8,826 9,078
B-3 2.184 50.15 8,535 9,352
C-1 2.289 5253 7,156 9,341
C-2 2.435 56.48 7,396 8,371
C-3 2.235 51.78 3,906 9,248
D-1 1.722 38.50 8,676 12,840
D-2 3.439 76.97 8,641 10,390
D-3 2.753 60.92 4,942 9,712

A o o a i ] Y] & & | a
LN@LV]EJUﬂUWi]G]ﬂﬁ&JGU@ﬂI‘ﬁlNLL@%I&JEJNWH’]U?%UMWN WU 3 H‘ULL'U‘UVLNLﬂ@I

msdesuluriui Weinnsivaludiuvesilisnmisvuais Ineldbivagldenmnsseiu

a

Amffsanunsniunseield ULUY H layer 1iAiT8n51n15Au6 (Toughness) lidfign
0.1574 131, §2u5ULUY Double layer 9alFlUSauUnINgULLY H layer (3038n1n"5AUG
(Toughness) mmqmﬁ 0.1396 Uyl. WIIAINIINITAURT (Toughness) AzpENIIFUKUY H
layer uASRsINSAUTIEINsaTULSIHaTBUW 1 Tu 2 U9958821I81N1SVIAGEY TITI9UL5S
A 450 — 480 Alanfusemmueufiuns Ssaguldiduvedlsild fuadenissuiminuseds

UAZTIBLNLDNTINITAUAD (Toughness)
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nsuanianmanldliusziunnnagldensmns wuin suiuue wwes (H layen) i
Fupoumandniinnnd susuusua lawes (Double layen) Lipsnnidunoulsziuniily
Wiemnskauasfienauou silildnarlunisdauiuni 1 sounisusediunm winldisms
Useuibu (Cold press) a¢ldinanunniguuuuduida iiwes (Double layer) s 15 Falu
wazdinslélionamnsiiliduen ilesnddmdidesinesnuinniing ewssuiisuiu
nau JULUUSuDa 1awwes (Double layen) Fdldinanlunisusziumaiisssouifie uasiid
figoslanantosnit dwmalisutszanalunisnda uarawinvesiiisuuuudiuda wiees

(Double layer) fianuaanadasiuszuugaamnssuldlulsewelne

3.2 Bn1auanYaguanlfliuseiunauasifenewin sun 2x4 i
fupounsndntanuanldlivszfunuagldonmnn Wunfansuaniiaeandasiy
szvvgaamnssulel 1enswsnfiiunld fanuvuiyeay 25 Saduns nmaanaginduya
waztiandduvioulildouin 2xa fa mevdsnisuseiu Tnsguuuuduila lawed (Double
layer) 1 4n Usgneumegliisnsmismun 25 Tadwns 310w 4 ya wagldliuseiunig 31w
2 9 Fnsudauvseanidu 3 dumeu 1dud 1) Suneudseutulifli 2) umeutseulsils
wazlionams 3) Sumeudnuuin 2xa i
1) dupouvseiuiulsl dlifldFamuuuen taeldindendeslvinuuuen
lavwalilannnumul 5 Sadwns thumin1iawindnuunsgIu DIN204/205
D4 lugnsndau 100 sie 15 dwUseiulagisendu (Cold press) febsiluan
15 dalus shnsdersunmusnaiuiduliilioon Tivdefissnnuinaditu

GG

A9 49 wanstunaulseiutulsl
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Junaulsziuliiliuazldonans dhdulilinaseaiuuiuldenmsdusogy
YUIANTI 60 LWURLLAT 817 240 WURLAT NIN1IAWANGAINUINTFIV
DIN204/205 D4 Tugnsdau 100 sio 15 drnuseiulagiaiesdauseiulil

Uszunninuudnidu (Cold press) fisliilunan 15 9alue awnsadale 5 90

M9 1 59U

QIULIN

MACHINE

At 51 Weamnsunudnisazulussuvanavngsu
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4 x \.‘. ’
YNNI

<

Funounisiavun 2xa i nisialifasuaulifliuseiunnuagliormnaiisa
Usgiuiaadugn szidoszezaanadenly 5 Sadiuns esnludesdliidy
Tuidesgnamnssy Tuuelvgyilidsszeyrasadosnnnimaiiandunuy
Tanumumasis Widaamua 4 9 waglannuvuinisueu 8 2 i

NVUIIFAANULNMALS 2.40 wns Ineaaraiwasyinely Tudrunldluduiu

Y a 4
ponUlsaUSoY

ANA 53 JUADUNSLAAMUAUALAVUIRN 24 17



i

ANN 54

LERT 5

Tanuaulley

7 S S

seUNlIEINISIUSEAUNE NS ULAS LR AYUIAAIILEND

VISIT
2WANDA

NT 55 WARITUABUNITARTILAETINEYDITER

55
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i 56 Jauauldliusziun1ildenams aune 2x4 i3

3.3 N159LAT1%9 Finite Element Analysis

nsnszsilnludauudludiutan auin 2xa i assdurlagldlusunsu ANSYS
2020 R2 wagnsUszanana lasusgnaudelassainentng (Mesh) S1uauddiuudiionun
21,363 90 Ussiuseliviiadesutuauassils aunanueveslsifilivse fuauis 2
SUKUY W19AN817 1.20 1es Banuangyiialuan (Bolts) ¥uim %2 x 6 Inch 31U 4 67
VAADUNIARIBLUY 3 90 (3-Point loading) saufsdnasausiliunisadanlilulusunsy

ANSYS

2020 R2
ACADEMIC

0.00 500,00 1000.00 {mm)
[ S S i

250,00 750.00 Y

A9 57 Msasiwuuiaesianuauldlivseiunninagldensms aue 2x¢ 19
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MSNAADY NAUSAIASINANIUBIATUTE Max Stress AaAusanad 0.2082 wnyUrania
(MPa) wagi&anafi 1041 iy TI089nsMAdeUNSTULSILUURITY FIALSINAT 4660 Wing
Unana (MPa) wagidanai27s fasiu siadlallatinsiiudads wu nssunsasiuilm ns
fuussan ldanautAarthwesveslionsmng (Poisson’s effect for rubber wood) 1 0.288

ANNTUNNT IS ULSIUSIUATINANUDITUIIUIG 2 AFANIS AILLTINIEH LALSINIUIUDU

P
1100 L1=1300 L2=1300 1100
o O o O |

A l 1200 J i 1
I iy
A B
2400 J 2400 |

4800 |

M9 58 N3R5 Mesh Faarauliiliuseiunuarlieonsmng awn 2xa i

HAN133LATIENAIETT Static Structural kAAITTEZEUAINIMUAIINATUUY kAL
AUAIIYDITUNIY UTHIUET NINITNAHBULUUNAUTIINNG UAENALUUNIUIY dundl

ey U (deformation) qaﬁqmaqﬁL’;mdauﬂawﬁmiuﬁL’Jmiawiasummuiﬁﬁy’qaaa%u ¢
7l 1.1855 fadwms nnImeaesad ety Jauaulilise funuaglionmismuty
AMAINUDY Skewness mesh kag Orthogonal quality mesh LQ§IEJEJ§JJ€LU§3(’3}U171IEJ@3J%JU1§
(acceptable) AMuiiauenivioun 4.80 Wns Tneilszoziaing 2.60 was Ssvezamuiy 1.10

WIMS 1980969

A3 7 wansnfiveianauiRvetununageuly

Types AUV LY Alugdataneuy GULELEY
(kg/mA3) (Modulus of Elasticity) | (Poisson's Ratio)
(MPa) (N/A)

TARHEY 699 7396 0.288
TlnuszAuAuazly

YWY VU 2x4 17
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ANSYS

2020 R2
ACADEMIC

0.00 500.00 1000.00 (mm) ;
[ S— S
250,00 750.00

L

M9 59 uanssvEze U (Deformation) Yasianlassasimanldlivssiunminasldenmns

UIA 2x4 17

HANIINAADY statistic test TudmveInIL WU 27 x 47 wud Tanwasldlhusedu
nuaglienamns suin 2x4 i1 annsaanssyeenaaaulddaud 2600 - 3000 faduns
pup13ei 8 uansdouurihnsldtaguanldlbivsstunmuarldfonmns aun 2xa @ Bad
Jeery U (deformation) LAy 2.5 Taduns M1uu195gIU ASTM D 143 - 94 Tudiuves
ez fuusadaldluaudnlaitiu 900 fiadwas lunsdieenuuuauisassils
Wity warlsiogluanimuwandeniifanlautt videaunu uarliannsoldszogmaiiuinniy

3200 fadwns loillewnszusgumaziiiuluag 2.76 ladluns

M13°99 8 wanadaunuzinsidianuanldliuseiuniiwagldenmns e 2x4 1

Span (mm) Cantilever Span (mm) Deformation (mm)
2600 900 1.1855
2800 800 1.6402
3000 700 2.1639
3200 600 2.1647
3400 500 3.4313
3600 400 4.1818
3800 300 5.0228
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a Y v ¥ a Aa & a UvYy 1w Y

nAnssuNseuivedlasiasililainginssuiinvuiidadelann dnwaenisd
Malassadield 3n1s8aseninald vwiavesld anunuiwiduesldl A1lugdadagu was
srggvinsEninaailinisguivedassaiuandsiueeniy iesnamuaudininad
wanenafuresdIuUsznauvedllienmis uazlili dwaliauudusuazusaldunise
Untineneiy e szegiandveannuaioulvvesnuantivesliusazyiln nafigai

d‘ a wva ¥ Y

TLEENIAVBIATUT 2.60 LUAT WALAITAY 3.00 Wns INNsnadauRuauRvedldnieunss
Muaatluudasszuzvatamuinssezvoainanalassasialdudasyiansaly N30

(compression force) AMnWsIlENANNNMUIUOU (vertical displacement) Y83ATU
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uni 4

wuanneniseanuuudaguauldliusziunuazlfisnswisdmsuniieinande

nseenuuunheinedeilitanuauliliuszdunuagldormnslddulsznou
vadlassaialdTannauldlivseiunnuagldenams sUwuu “Double layer” vwianiindn
2x4 #7 YUIAPLEM 2,40 Wns nseanuuUhenendeild TanmaniflHUsEfunuas
Isfenemnsn widlassadrasanidu 3 dam 1dud 1) fiu 2) wils 3) ndan sonuutlFannsouen
duvszneu uazannsadouuenlasiaianizdnls nedoyailtidudeuuziilunis

sonuuuldianisnwnuaudidenavesliliuseiunwaslienmns

4.1 WUININITRBNUUUFMFUNUREWN DAY
LUANI9NITDRNLUVBAIIERAD BT s nd 1Hldaunn 2xa T2 Tuday
Tnssadiertanan 57.35 aumn fuflszgenindmiun1snemeiiy (Span) laiiiu 3.00 wes
wagszayALBY (Cantilever Span) laitfosndn 0.90 wns TnssvezguslsiiAu 2.50 fadiuns
AUUINTFIU ASTM D 143 - 94 FnuazvadlasaasInia (Wall framing) Hunidssurimidn
(Wall bearing) unutanlivuin 8 damudnuasiion annsaUsEneukenu sErinsiuway
Tnssadravdsanls Tudruvedlassadimdsenlfifunuusunuuinsdu (Gable Overhang)
Fustuoonuuulneldlsl 3 view Uszneuidudnwaz Y Unit” ilelflunmsmiadunils anansn
nonUszneuuentuld Yanudulandsneuenlduiuisunrumuilitosndt 4 faduwns 7

anunsamilalussuvapamnssululsewmelng

4.1.1 #u

fudutaguanlflivseunuazlfiorans wuie 2xa 81 naunuaunn 2x6 47
paABnseaiinudnuue oy Mansudarduiiuiety 30 wuRiues Taenamasenin
AU SEEZLAMLA 3.00 WA seiuUsEnoUmBd ey warduesliiusefudng e
diweuealiunnsiiy uundenismwauuudasy Taauduliniiu Tukuaiueda A

W1 20 Faduns YU 2.40 x 1.20 1WA $1U7U 8 Ui {UAeNABNIINTEAIUIIUNY



o na

| A
=l=y
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i i i i
1200.0mm 100%0mn
\ 4 [ = : L —] :] X
i
1200.0mm
4800.0mm | ; : 2790.0mm 4800.1mm
1200.0mm
A\
o !
LR I, 1005.0mm
v v . v
¥16.5mmr= 3415.0mm >918.5mmr
< 4850.0mm >

M 62 WananTIdanuNuTaNuANTTe TN

4.1.2 s (Wall framing)

niagneenwuulaedsvindunseunts (Wall framing) wazthUsgnaviusiaan 4
sy Wisliemsuheinedeaunsaneadislileeldsuiunssuauliifiu 2 au awnse
wdoudrenseulasuamilsldazain nsouniiilanugaruiionun 2.40 wns ni19 2.55
RS wazannsadenunlalisiin Slinediseudeuseninansountsdmiuang
winduviu nseundaiimdunsunuimues Wewfiunisasusnduriuasndmeadutmin

U52naUnlg 1) NUIR1UTIE 2) HUIATUNLN 3) NUIAIUNES @150 UALNUNTS (wall

[

sheathing) AfiAn1umunlsidesnit 6 fadluns 1y auimuedn e wein nietand
anansomldmusiesdu wu vihnwilsldfle wilslsflisauszany man

1) War1udne 91A15UsENaUAIElATIASINGS 99U 2 dau ndediuae 1.20

AIPT SEEYATGNIN 240 ng Andalimisdaliunadudieine e way

sepalasaasIngd atdulisuduiundian nsoundaleduislunuInmes

NuRgumUTEe WememusinaleiuiminawnuInunaiy
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So.q«m A

2300.0mm 2400.0mm

50.&mm v

50.Bfrfin 1200.0mm 5&-8fhtn 1200.0mm 56:8mm

2)

- 2550.0mm >

‘all v YV ¥
AN 63 LLFAINUIATUYINDIATT

NTIAUNTENDIANSUSENBUASIATIAIINGINING 1.20 LUAST 91U 2 @7U WAy
¥ 1 < 1 a, o Ly 1 1 9.13 1

nmiaﬂmmmqLﬂumamﬂmmmﬂamwizg} mmaaiaﬂszalﬂmLmemmm
1319 0.70 - 0.90 AT ANUFIUIUUTEAAIG 1.80 — 2.00 LUAT ANNTLELTTU
naseg nsoundelladuindunuinies fay 2 Ju nadsatmiuseg e
ANULNLSIDNNRNUISULINUNAIUIUS IR Iﬁuuﬁwé’wiza Teldlnanuwuy

UINT0NRe9 45 997 Wawauldl 2 viau TileAuenIsIu 3.37 Wns
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401.5mnP< 798.5mm > 975.0mm > 798.5mm ><01.5mnP
I ‘
1530.8mm
869.2mm
A4
< 1200.0mm > 975.0mm > 1200.0mm >
< 3375.0mm >

3)

ANA 64 WAAINUIAIURLNDIAT

N9AUNEI91ANTUTENBUMIBLATIATINTNNTNG 1.20 WAT 919U 2 @9 uay
Autesnssnaradudeslindwsulduiunmiings anunsaldantidnening 0.70 -
0.90 w3 Anseuudaldviauuy vdald vude werviudougadu suave
sunuudn anmnsolinsevegiideslussuugramnsauy viennulsidouds
siiaimldnuriosiu nsountimdundunumues feas 2 Tu nadsadm
i suuanseuniieng esemusiannteduthminasusnamei I
wwmthans Wlirefunuuuiniondes 45 asm Weodould 2 vou Tlsany

813391 3.37 LUAT
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A A
| | 250.0mm
900.9mm
1530.8mm
1249.1mm
869.2mm
A4 v
< 798.5mm ><401.5mm>< 975.0mm N401.5mml 798.5mm >
< 3375.0mm >
a v v o
ANV 65 LEAINUNIAIUNAIDIANT
A T A *?
1200.0mm L
L . I | R
1200.0mm
4800.0mm { 2790.0mm 4800.1mm
1200.0mm
g - T .
1200.0mm 1005.0mm
A4 l | \4
916.5mnr< 3415.0mm—— >918.5mn*
o~ 4850.0mm >

AN 66 WARIHIUSLIEUATLAUINUIULLH UL
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AN 67 Lansnnaneleleuninni1saewia (Wall framing)

nsuszneulasuATIns wognisBantats 4 1 19381t 90 e 14tiemny
wuuluash (Bolt) vunmeue 6 42 wladar uazduile nieuldaussiiutuiionaas lie
filunseunils 1ades 45 s FavunaBudy 1.20 was Sasensydmsuaulsl mnuen
55 TadWNT HONVILEIUTIANUNKATAI IR UNTY LﬁmwazLﬁamé}’wmiqm%mﬂuﬁﬁa e

Unvimzyildnenldmues

4.1.3 %89A"

wasaldisn1suseAvldduiududneaeda “Y unit” UsznaudeTaanauldln
Useunmuaglifonsmna 3 u anuen 240 wes Useiu 3 3u imdewsver 0.60 was 219
sregeduiiy 1.20 Wes szoeviands 1.20 wes anue1amdean ansnsavildaus 4.20
AT wagtiindrusennuelédn 0.30 was auami 69 uananwleluwninlaseatie
n¥anneresTanuauliliuseAunauazenamng wa 2xa in lunsdiidesnisequlmau
FEYLFIUTIN vi‘%aﬂ%’Ummqwawé’qmmmmmmmzammﬁuﬁ Yaununaaan (roof
sheathing) #aeliiingnlssni3esiu (Oriented strand board: OSB) wu1 10 fadwas 2119
urlufuB (eave protection) 11 2 fiadiuns wazadiendsadaiagil (shingle roof) wie

Tannanansavlanuviosdiu wu vhnliili vigfran w8



< 1682.9mm < 1236.4mm > 1236.4mm > 1682.9mm >

- 5867.0mm s

1200.0mm
1200.0mm

1 4800.0mm
1200.0mm

|

1200.0mm

NN 68 WANITLYLNITANNILHUNAIAIVDIVIYAIBIANTNUILNN DAY

d’ a ¥ U U 1 U
NINN 69 LLZ"{GNﬂ’]WbLEJIGZILQJGﬁﬂIﬂNﬁi’NMﬁ\‘]ﬂ’]aﬂﬂﬁiﬁﬂﬂwﬁu‘lmwﬂizﬂUﬂ’]’JLLaSEJ’N‘W’ﬁ’]

UA 2x4 97

67
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4.1.4 83AUIENBUVDIAULUUDIATSUUIBWN DAY

2IAUTENDUVBIAULUUDIANINUIEN DAY Usenaumialasiastanasan (A) lase
\wmtTs (B) et () waw 31U (D) Hudluflenesitonun 23.04 ms1auns uladuiiud
melustonun 8.5 M19UAs ey AURWILTEUBIANT 14.5 MFINLAT NSENBUTINTUTTU
wanniiuinunisfuimiiniaetl warasgnaiiu nseulasaesindesems Sududes
M ULLIAIUABUATAIESUIEN YUIAYEIEIAITENINTATINEIUNTIN9ENYE991ATS LAz Ly
SIUIUTUTUNSIAT AIULLIAANITOONLUUSULUUBIATSUUIENNOEY Lasdoufiunuly

druguTINABUNTAERIWMANYN 9 3.00 WS

2 70 wananmlelsun3nlassaivonansianrauldliuseiunnuasenanis

PR 2x4 173



Y

| .
NVaNA
ENYEA, "

A

>
/

a vy

A 72 gUeesEnuiiRfuwuueIAstgiinende
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4.2 PMIPRNLUULALIAdaUAMENUAGINanvaadnenssy
WisusuauauUaganansantdnenssuvedisnisneasiemiuanuus oy
(Conventional) wagn1sneasindalszendlassasiaianuanliliuseiuniuasldenmis
2x4 @1 dwfueransmheined fenisadlasadneninng (mesh) Fonszuaunsld
AoNfimesTIBeBNLUY (Computational aided design: CAD) wions3insnzsilnludamus
iWionaaounsTiise wazdinszsingnssunisuusswesenans welugnisudlugadlsl

aunsnsunss viesunssldlamunesgiulivseiunnneunisneasnesa

4.2.1 nseenuuulassaismndneiiensiasesilwludamud

1) Fneasieusnuasiisy aiemunuuinasswesian Usenausie lasasnald
FanUnaneuenuiuieu aounImasumnantudiuny wazgiusin Ussnoulasadianigng
(mesh) #189aR8 (node) 1u7U 91,934 90 wardAluudvionun 39,114 Fu AIUIUILY
(Density) vasTanludiulassasislianmaiu 560 ke/m? ludiuveudlasainald was 1,300
ke/m* TudiuvesTanUaRanieuen mudeyanmmageunnaudfilnavedianlasaianea
LiliuszAunikagldensnisiainiesneass uasiiassaiwseliuaaslaniviifu 9.81

m/s? UInenAsluaIulASIASI9IrUmINAY XXX Alansy

AVANAVAN Yy,
RERRROLE
AYAN,Y, AVA¥AY,
VAN S AVAVAVAVAN A og Sy WA

VAN
SOORRICOORRE Q
S RAARARS A

N S VAV AN AV AN AN b A v
A A g AT AV AVATA S 4 o 5
VAVAVAS: SAUSARNS

VAVARG ST
SR RRRE
VA
v
PR

.:4' o A o wa
AN 73 LARINITATIE mesh LW@ﬂqwu@ﬂmaN‘Uﬂ

AINNITNAABUAIBITNI5IATIZTEN I UBAIUA haznaasLiusIluAanIafelInuy
1 1 [y} < d' ¥ = [ d' ¥ ] <@ ¥ a
981 TULLAUYANLATIAT19TANL TS Lazganlassasilidudanse Tderawnsndien

MOR Wi 6.2118 wngU1aau (MPa) Tuaus 2x4 7 way 6.8646 wnzurany (MPa) Tu
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PR 2x6 12 NAMNA 74 wanan1TiaTzdlnludduuaisnisneadsmudnvuzde
NUIUTIUAIUNGTBILATHATINTIYRIRIANSNLIENSNeas e Nan v HeudiA1Amn
v03lA59aT19n1918 (mesh quality) egluseAuiianusaeeusuls (acceptable) waneendi
119997NN19NTEUAIVDIAIAULATEA (Equivalent Strain) TATaLATINTIEIUNTINTULMATN
2ADITUUIMUNNIINUSIAT Lozt vtinenils NHUTIUTNANa198391A1S Fevinlilyl
arunsasudininls Ysgnauduldensnis vuin 2x6 93 anunuudnyuslvuiauauds
a av ° v v PV a aa A ' v o, L.

Weanadldanursadmnldilulaseadials Wesanuinuninisweuse i (finger joint) 9z

wantin mudeyanisnageunuantRdnallensnaluiemaaes

4587e-03
l 4128e-03
. 3.669-03
. 3211e-3
| 275203
| 229303
L 1.835¢-03

- 1.376e-03

9172¢-04
4587¢-04
0.000¢ +00

AN 74 wanen1sIkAs1eAnludawusisnisneasemnuanwusiey
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2) FBroautalszend aienunuudtasesian Ussnoume lassasildl Janla
AMBUBNLHLEEU ABUNTALESLImANTUEILAY wazgIusIn Usznaulaseadnanivng (mesh)
AIEYARa (node) 31U 115,189 90 LAy BRI IR 46,690 1 ALY (Density)
vadanludilasaaiialanindu 741 ke/m? uaz 1,300 kg/m?® TudiuvesianUarinieuen
mutayansnaaeunnautRnavesianlnssarauldlivseiunkasldeanisnain
Hoanans wazdassdusiliumasadlansiniu 9.81 m/s? dninerasludiulassadn

PAPUANNAU XXX Alansy

VA
\VAVAVAI

S5
YV
AVAV,Y,
AV,
%AV
OFE
K]
£l

AV

7
Zava
B7AYA

AT 75 WARINTTASI mesh Litaivuanaaudmonisneasalnseynd

NNINAFRUMEITNITIATIwtN LR wavnaasuiuwssluiirniameiu
9 1MNLAZITUNIINTEERIVBIAIANATEA (Equivalent Strain) Yafilastasiadinany
wlause uazqanilassaddlindeuss Wovhnisiaunseazidenlugendadiuduss 910073

nageunuITanuanlilhussiunuasldenamisy Id1 MOR wirdu 7.396 wngUanu
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(MPa) 9a91f0311n15U5uUTe laun 1) usnunansvensiny wiluaie3sniswaeuisnig
gntianviinluant (bolt) a1nguuuuBamuwws unisBatienyialuan (bolt) aduuua iile
= v & ' v a & = v Y o X v
ann1sanuaslimuLUILEsY 2) anbn wiluArenisiiumAaen use kA dulugilulasaasng
PAIAT WASHADDNAIBNTINITAANILUS 3) WUTUTIAT whlusren1sanssezduludlu “Y
unit” @auseveny Aazauisavinbiganliuiuwse eglussezBuvesduiu vinlildiAnnis

NI VDITUTIU

ESTRN
2.742-02
. 246%-02
. 21%5e-02
. 1.921e-02
L 1.646e-02
3 1.372e-02
L 1.097e-02

. 8231e-03

5.487¢-03
2.744e-03
0.000e +00

AWM 76 LEAINTATI mesh Litairunnuaud
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4.3 Aipsensseziainisneadielagliisieadiadelszynd
mMyineiszeznansneaislagldisnisieaaudeszgnd Yagilddutaouan
liliuseunuaglionamis 2xa i lulseiiu 1) srozalunisnoadsennismiaein
01fe 2) YinmsTandililunisneairauiouifisuiunisioasiwudnuasdeon eldidy
foyalunsinseiiiouiisunslifammauliilisefunuagldonmns 2xa i

4.3.1 AATIAsTELIATIUNSARET199IANTUUIERNHEY

Bnsneafadessgndldlivsefunnuagldonam 2 @2 fudeyaninnis
foas1ea3s Maveznawionun 16 Tuuiifnu Wassnudeadns s1uam 2 au Uszneuse
P16ldf 1 Au uazdieu uazeuialy 1 au Wesssnatlunisnoadiefudfudl 19 fuey
W.A.2563 89 6 TunAm w.A.2564 mszaziaen 78 Tu ilesandedddsreznailumnnnum
wazaureuninaiwanluyuiaduna 30 fu mndeatlufiudilisndufesathany
FIUTIN MUAIENST LaTIUATUABUNTALETIVIAN 92ANN150aATZEEIAINTINNNGD 48
T 5IUnYR waysTevIaINTsYUEdE

AN5199 9 WARISZULLIANIUNISNRASI9RIATNURENN DA

NUINY FuuFtRnu

1.97UYAF1UIIN 19 SunAL 2563
2. U159 22 §UNAL 2563
3. 9MUATUABUNSALETULIEN 3 unsAY 2564
5. Usgnaunaiiy 13 QUATUS 2564
6. 1uFnR IRy 14 unius 2564
7 TR auuiy M 20 . 15 QUATUS 2564
8..1uUsENoUlAT AT NI 16 nuAUS 2564
9 uRnddlazaAT I 20 NUAUS 2564
10.97uUsEnaUIUTY 21 NUAUS 2564
11 ufindsduriuuasi 23 NUATUS 2564
12, ufiadausuliiSaiFesdu (OSB) 25 NUATUS 2564
13 ufndaTansmmasan 3 flunAy 2564
14.&'11@@51’5@%3@ IREAVIVRlI RN 4 flunay 2564
15 srufinsaszuulait 5 flumy 2564
16.unuTwazdendindauld 6 funAw 2564

FIUTLYLIAINDAT 16 TuUURu
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4.3.2 Ysuadaglunisneaisernsvidaewnande

PnMsiSeuigulinadanlunisieaivoiasmiieiinedelagisnisneaseniy

anwauwiley (Conventional) wagisnisneasndeUssendliiliuseiunninagldenamns 2xd

17 91n99AUSENDUVBIBIANSNIMNA 9 BIAUTENBU WUIINITBBNLUUAIBITNITNOES 10T

Uszgnd a1unsnanu3unsld a1n 72.44 aualn w3eiiies 46.40 auale Anduldersmis,

39.50 au.le wazldlel 6.895 aumn aun157197 10 wansnsSeuieuUsmslnldluns

ALGEAN

A15197 10 wansn1sUSeuiisuUsunslantolunisneasis

NUIPNTU

ABn1sneasng

pnuanweurilan (Conventional)

aq 1 % a s
1BNINDATILTIUTZENA

LilHUseiunwagldenamisn 2xa 9a

29AUSENBY

uuld Usumsld Sl USumsled
(vigw) @u.um) (Viow) @u.um)
1.57U5INABUNTA - - - -
2,79l 51 (2x6 ) 33.48864 51 (2x4 ) 22.32576
3.8 q 1.75104 - -
41ATUATING 50 21.888 39 17.07264
5. JUNUNTS 6 2.62656 - -
6.70 6 2.62656 ] -
7. faen 3 131328 ] ]
8.quviu 6 2.62656 18
9.0nlA 2 0.87552 2 0.87552
10.u4 12 5.25312 16 7.00416
sauUsuns e - - - 6.89500
sauUsunsld 140 72.44928 126 39.50000
YIINII
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Jeagulanlibianunsaannisldldenmnslunisneasisenmsniieinedula
6.895 au.l wazteiiuananRdanalunsianlflasaieTanmanlsflivssfunnuagld
g19M157 wardsnsnearaudelssgndannsoanuiinesliildnuitnsneaienmdnvay
fa annsnandiulsznouveseInsldud an fuiiunsns fo wagduen maandaulsEnou
vomdsnluvaedidannsoatuayunmsiuiminTanumdald uazdianunsnanyium
fanildliAnduusunasliann 72.44 gnuiadsln mdeifiss 46.40 gnuiardsln uazan

sgzhattun1sneamheinedela 20% Wieisuiuguwuunisneaianuanuueioy
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U 5

a3Uunan1sAnen

(%
=1 1 1

wansanwiluauideidudadu 4 duu ldun 1) fauinislivseiunnn Agadu
MsAnw1aATElusERUUIUINR warsEAund emAnuaenndewedisnsAny Laz
wwltunsidenldlilunsuundnduliusziun 2) auaudfidanavesiaguanldlivas
Iffonamnssziunm Wumsnwifomsuuuuiianansotunsdalivsefunniiflaenndes
AuszuvgaannssunsHanliulssuludsenelne 3) auaudilananisaailnenssuves
Fanuauliusziunnuazliisnanig Wunsimanisesnuuulassassiagmanldliuseiu
Auaglsionamngn aua 2xd i einsgiiiulszuiunsiiludfiuud Sdwssneunes
p1msiiinisasmeuas aunsathuldesnuuuidulassaidldvdelsl 4) uumensieain

[

Faguauldusziunnuazlionansdmsuniieinerds Wunisveassdinaainnidnw

(% '
[

PVUA UINAADIAII9DTY BN MATANISNBAS1Y wazn1shndsTanmauldliuseiun1inay

q

Tgnanslranuluaninwinaauass

5.1 aAUsuNa

5.1.1 aguianishivseiunig

NNTNUNILNTIUNTIUATE ST UAM Teluseduuune® wagsydura uas
lavnsimsesiwullauauiseeealidusyiuni wagldenusyaiu saudenisiSeuiay
auaenndeslunAdtlusysuLuNTA warsesuTA nulseiuidiaus fad

1) Wauinsladuseiuniludsemelneg 135n15AnwdennapanuNmuIn1she

Uszunnmlusziuuund ludivesiinsisefidnmsiauesraideddudssndlve fe
Bnsuseiulilumiadieniu (slued laminated timber) ifiaafiuisedoidoanauds
A.f.2018 Panafiinsimuliusziun wazlidauszaunniian Aetast a.m.2000-
2010 mﬂmiﬁmmmﬁﬁﬁmngéfmlﬁﬂszﬁuma wulugaeffinisiaunlisefuniaun

[y 1 i 1

aoandesiuidinsnanianoadne 1wy wan Aeunse NIs1AETUINTIANTY Lag

q
(% '

ToAMMUAAUANINGDY A UAUSAYLN NQVINIY WINTFIUNDIAT TINTWINTFIUVDITART
Taneas1tsnufunuinivauaaUnenssy
2) Wnswanldusziun1i (glued laminated timber) Tun1siunlaidulaseasng

A393N 9AL3ENIT “small laminated beam” aunsE1el A.A.1974 3 nn1sIaieldly
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firmaieaiu Wasudusuuuuldsauszau (cross laminated timber) nsi3eslsfadunis
wnni 3 Fu Tnglddeidendn “multilayer composite” lugiSugdureanisimun auied
A.1.1997 Fuinslolsflsidnanlunsnn Fondondnsiaseiin “Glu-bam”

3) &nwaglsildlunimdalivseiun st a.a.2000 - 2010 1Wulsid
sepznaTunsUanliiu 15 U wu ldenannsn Taw WWudu Tugissenilu a..2010 - 2015
fuwAslunsnaunauliideuds lidonans Aldnangnunnntt 15 U i 1idn Wids uae
lhilesou wu T Aldinaigniesnit 15 T nevdsd a.a.2016 Bufimslinatly
nsUgnlaiin 5 U egeldi Whanldiludiusznovvedddusziunn wanddiiuiiaay
Fosnninenslifinsiogwioies aumstunisivlaveminensls

4) 1nsgrutTalaseasasliiuse funlugaed a.a1974-1993 outiunnsgu
yodtassadalimluuldlunstfa Seliflumsgdmsulivssiunmlasaney aufads
A./.1995 11M5§1U EN Tenseumquizesiisadesdvlassaisliuseiunia aundelud
A.#.2000 105514 ASTM Alfszuiianinsgiunisudn uasnisnaaeuamautilivseiunm
i f.A.2012 Fefamsgrulasaiilivssfunauintununegiatu wmsgiu ATC

2013, ANSI, JAS 1dudu

= a I3 a I v Y]
M1 11 @ﬁUWSUi%L@uﬂWTﬁLﬂs']%ﬂW@l]u’]ﬂ'ﬁhJUizﬂUﬂTﬂ

2291787 Usziunsiesievinaunislduseiunn
Tfinw W/nswaEn dnwauzliilingn sasgIuTTa
1901 1) Aan17 151 1) Fegliilu Hiouds -
e VARDINAAAULUY | iAIafeniu
2) lenrvestian
lon
1974-1990 1) naavslueoins | 1) Soldadu idoude Wilonans | ATC 1952
Usewdlvedald | aurndn Ly 2 | fiame nedulsd | (his, Iusen, 1ddn, | @liasoungy
Wenewnsluns | u 1NN 3 T4 ldenawis1) slsisziung)
nanlsiuseiunn | 2) naas il u
lassas1anaenn
Wide Span
1993 - 1996 D eu@ululdly | 0 enddiinge | lmaunuldieuds ASTM
SuiinnslalsT sl¥lshifoseu wuuliUseAunn | (hee widda, liaay | @linseunay
NALNY 2) naaedlue1Ang | 2) wila Monan |, blenannsn, o) sliiseiunm)
wegani 29y | wouldidausany EN 386:1995




79

UssliunmaaseiiaLnisiiuse funia

IR
FWhnw Wnsudn dnuagliilindn asgIudia
1997 - 2011 | 1) I¥m1suauly 1) Guinslalsl | Wildsresnangn ASTM
Gusins il | wedidtuliusedy | lilunisndn Glu- | LAy 15 9 (AsouRRUAL
Tun1snan e bamboo (lafenannsn, lalaw, 1 Usziiuna)
liseiunm | 2) Auaudfnisiu | 2) ndesuawn | axen, Ll)
1 W uliinys N 140802013
3) MsanUIu U
Wosianladlunia
2012 -2015 | 1) Windwesidan | 1) wdmduausu | Thdeuds ANSI (A190.1)
mafiuguant® | Dudiutssnevaes | dnth wazliiilogou
avuBavgy | 012 uagduvasls Idszeziiaidgn AITC 2013
Useiun? 15-30 1 (AseuAgueulel
Usgiuna)
JAS
2016 - 2018 | 1) Anwmantd | 1) Midulassadhs | Wildszeznanugn | ANSI(A190.1)

ANNEANEU
(Stiffness) vagldl
Useiun

2) MsinLAY
Asueuludanll

UsegAunn

e A T
sunuulAsas
18nUIENDU LUU

NU9SULN TN

Taivu 5 U (Ldlel, e
I Safildnsasaudu
Todrelndues) uaz
ldarnaaudn

QAFNNTIU

AITC

EN 14080:2013

JAS

AINNISANBINAUINITIIUTEAUNIINIIUTEAUVUIUIBIR haSTLAUTIR Lol le

gruteyaimhunldlunisdndulaneassesnuuuaguauldliusyiun ez lionmns vuie

2xa 17 Wngldqamumaiuanainnssulisnanislulszwmelng Adgiunisudadugluuy

lssAunneginy uwagldli@adufinlaly wazlinnsihaunldidunuideiiofiuguau s

Wanaluaiuadnidangu (Stiffness) duliisziunia Tugaenienasd a.e. 1997 uindu

etasihuianauanRldnavesgusuuianuanlilivseiunnuaslisnonsinaunse

19 dulpssasramsantnenssuls
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5.1.2 auantfaenavasiaguauldliuseiuniuaglderanis
nisneasuAuandidinaladennssuisniseenuuuldusedunia (Glued
laminated timber) lun1si3sawvufimniafeniu wWieldaenadeddunisivioudisuiu
nysu3EnAalenamsUseiunn (slefilifdiuusenauvedliiin) Yaduddyresnisvaass
i Aonsvnsuuuuntidniannanlsliusziunnuar o Alnuaut@idsnananansa
THhdulassasranuanitnenssy dedsdnanmvedliill wnlifinisldlsiinauanuisaly
N155uLIINA azvhliaudemenudl nsednvuindndudesdinmugennaesiuisnisnanls
gransnUszaulussuugaamnssuliivesssinalne
1) msveaemihdniaguanldlivsyiunuagldenmnn
nseenuuuLilonaassmthdatanuaylsldsz funnuayldonamis
ilenaylvildnnantRmdnaia desesnuuuliuinufinalsvosiuinnuasifiud
fiAnAuAugaan (Vax Stress on Neutral Axis) laifisossianasiuny ilasan
AsliAnnsuAnFaLUY simple tension Usnasuldvesduliussiunia
nseenkuuntndnlauusnsvageuldilu 4 wihda loun
(1) wuuldforsnsusgiunn Wulsfomnsusedun Tuguuuulsiussuid
Fnwarnsthlfenmnsiadseduiu fsesrousnafnalaveanuinny
amﬁuﬁﬁﬁwmmﬁuq&qm (Max Stress on Neutral Axis)
(2) wuudaia 1atwed (Sindle layer) f§nwazs dudulfld 1 §u wun 5

Tadwns USAUNNaNY 581I197U kT89S 1TUUY wazduane d5aume

'
=

UTUANaNB L UILA Ua I UATiA1ANLANEIaA (Max Stress on
Neutral Axis)
(3) wuusulda Lawes (Double layer) ddnwugiduduldle 2 9u vurduay 5

a a

Taduwns s2uinalionamwis1TuuL Junane wazduans liseusausiin
) A Ao v
NINANVYBILUILNUATLNUNUATAITULAUGIFR (Max Stress on Neutral
Axis) tlasanniduliianamnsiduviou

(@) wuuley awas (H Layer) fanwaziduldli 2 4u vunduay 5 Jaduns
Tun19v219 (Horizontal) wazliludn 1 ¥4 Tunims (Vertical) “un 5

Tadwns Usziumeliionanisnlutuuy Tunany wazduana
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M13e7 12 Wisuiisuamandiganalienmnsseiunn wasdaanauldldussiunnuay

T3lenann9n

lafgnamnsuseiun
(1)

TiilHwaglionannsn

UseAun

Uy “Single layer”

TalHwaglifonanns
UseAun

kUU “Double layer”

T lHwaglsfonanns
UseAunia

WUy “H layer”

WEANTIY

1) llifanuanunsan

1) ldAianisuanidn

1) WUIARUSLIN

1) WUIMAAUSLIN

ms¥unse [assutmiinusedei [annsadumi sounald (Finger sovsolil (Finger
vosldili [ldniloidesd uas  |[Uszdoseld 1 wivdh  [Joind) Joint) 2) thmiinuseds
UsgU  |WANINIULUSINGOY |189588219a1N1T 2) ansafuthmn  [seld 11y 4 2o
nmwarldl|uanfiuseia (Simple  |vadeu fitae 250 - [Usedesell 1Tu 2 [szeznaimsneaeu 4
Y9N3 [Tension) 500 kg/cm? YDIITYLLIAINIT %93 450 - 600 kg/cm?

VAo 71729 450 —
480 kg/cm?

7i11: 91NN 15NERANTMEUIUTUNTH INSTRON Series I HtgRiAT Y iNgANsINANMSHiNASTuNsNAeY

i 10 uw/und

PaAunuIINNIINAdeuAaNTRMTIng nudrgluuunlanuaudiidinasiiian s

9 9
(% ¥

SULUU “H Layer” uidaideueaguuuy “H Layer” Aododlddunaunisuaniiiddunou

=2

39a5U1971 “Double

q

WInNNd13UkUY “Double layer” saudisdaeldusuian1anuinnin
layer” fnauantfdanafianuisalfdulassadrmsandnenssy wazlitunaunisudaidne
ign suiediniseenuuusesdevestulinlisglugisinarsuasuuiinuasiiuiiaAaiy

Lﬁugjﬂ?jﬂ (Max Stress on Neutral Axis)

5.1.3 paauufananisaandnenssuvasiaguanlduseiuniuaglderanis
nNNIsnedeuAmanURdinavesiaguanldliuszdunuazldenanisy 3la
YIAABIIDNLUUMIEINOIABAULUY A1MEY 1 Fu suneiiudl 23.04 m3rauns ni
N11991A15 4.80 AT 8N 4.80 a3 tneldseuiisuiunisneaiieernsiuumuanyue
flow danisuiisufunmseenuuuiBsUszgnd MdTaguanliflsiusyfunnuagldonmn

UuaNNAzIuAINHanIImMaaes AnautRdanavesiannauliliusyiunuasliisnanis 7
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aunsaanUIunanslald 910 140 view wideifies 126 vieu wieRnUsunskidu 65.23 au.
Wo ndeliies 57.35 aunn AuaudAdnaniandnenssuvesiaguanldbivseiunniuas
Tensnsmnsaanteenssy wuseendu 2 msiesesilWludawud laun 1) quaudfidna

meanUnenssuludiuneiiy 2) auaudidananisaadngnssuludiuniseanuuumiein
918

P Ssss
A2 T

— L

— T e

—————
2Bz E== l"“
T

7-\\X
Y& >}

AN 77 LEAINISIUSEULIEUNITENLUUDIANTHUUANNEN WL TUL kAYN1TBDNLUULTY

Uszynd

1) ananUAenansaadnenssuludiunaiy msldszuziavestaguanldls
Useiunruagldenanisiluniseanuuudssend anunsaldszeziamieiuuinaalaly

seeg 3.00 LIRS N58888UMIT09AU 2.1639 Taduns awnsaldnsiiuenligen 3.70 wes

9 Y

JITLELAIUTU 919899IUUINTFIU ASTM D143 Niszezaufiveeiiegagudiliiu 2.50

9
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a a !

Tadwns Wesnyniiussesan 3.20 was dwaliissesguiniulun 2.7647 Jadwns

dodunsiiussezauimvesmuindusgaiiduddey wazluszesian 3.20 was liwunziv

sl geenwuULtsaadnenssy

M1399 13 Touuzihnisldssesiavesianuauldlivseiunnuagldenanis awm 2 x 4 92

swevian | swezeudu | spezmsgudn szeylnedngagn ALEN?
(131.) (131.) VDAY (8rmax) mﬁuqqqm
(1) (13.) (lum3)
2600 900 1.1855 2.1000 3.50
2800 800 1.6402 2.4600 3.60
3000 700 2.1639 2.8600 3.70
3200 600 2.1647 3.3000 3.80

11nM15197 13 uanstouuziinslissoziavosiaguanlailiusz funnuayldl
E19N51 10 2 x 4 7 seezaifiamnsnthudldlunisesnuuuiBsuszend Tuenansuie
finende aunm 24 P1TES LUY 1 G4 nnilae Aesvezian 3000 . ey 700 1,
dielldrnuenmsiiugagad 3.70 wns Jwindulassesiiileldiyu ammanldliusstun
warliionamnsn wun 2x4 i

2) aandRdnansaatdeenssuludiuniseanuuumiieinende n1331a04
wuusazdmssilnludfuud Tusuwuunsildldduessdusenevvesenasnieinendy
dlevnisnszaneusswesivennts mnnsienesdlaludedunddumsiinseiusnsesii
selassadne (Static Stress) wuinuteinodeuvuiaduinisguialudiunasveenils
winnImteinededanuanlaliuseiunnnagliisnanis 1.123e +1 mm lun1siasien
N15n5886IU8R1IALATEA (Equivalent Strain) nuimulsRnedeuuudaiuiinis
N3¢918709439LAlUTEAU 0.50-0.80 “Good” way nileine1feianmanliliussiuniuay
1ffgr9mnsn Tnsnszareusslilusedu 0-0.25 “Excellent” sntiudruvosnuiu dnng

nrA8LsslusEAy 0.25-0.50 “Very good”
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A = ~ a ¢ °o 1 o
M3 14 L‘tJiEJ‘UL‘VlEJ‘Uﬂ’lﬁnLﬂi’lz‘MLL’Nﬂ’iz‘w’lmaiﬂ%'mﬁﬂ

Usgiiunis mheinedenuanuusiey miinefuLgaseynd
ATz (Conventional) Faouauliiliuseivnnwagldenmns
(Glued bamboo laminated

with Para-timber)

1.115BAS1EN
LSINIENAD

1A598519

2.1150581Y
U IA"
AULASEA
(Equivalent
Strain)

3) asUuumaasgtubesiu 9BnshnavesnuantRdnavestifliusziunn
wazlienems vua 2xa 9 taieudisufuanassulivsefun dWetinseily
Ussifunnaudivialy insauesian wazuinssiunislidnnuseiu annslieuiisuiu
umsguliusefunmildifuinasgiu wiluunnsgiu JAS No.1152 waz ASTM D 245 - 06
wudTlulsziiuguandfly Wlkiussfunnuaglfonmns auin 2xa 7 Sauaudd
Aade (Average Value) aglusediu 9.3 N/mm? Fstfosninunmsgudiimualifi 9.5 N/mm?

-

warludiunuandfAnadetua (Min. Value) dd1aden 8.3 N/mm? Feuinninuinsgiud

AUl 8.0 N/mm2ludiuvesdsuiunisidansusenaunasdantaulunin

(Formaldehyde emission amount) wuinfilgdludseAunnauazldenasnist vuim 2xa 97 og

&l

=

Tusgeiu 1.5 fiadnsu/ans taazuuuszau “F*7 nswunnsnian Wuianildtendauans
Liwuluiiauenvesdan liiiu 30 fadwns vildeglulduszinningn 2 auuinsgiu JAS
No.1152
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A 4 v
M3 N 15 EEULLUQWNN’IW@WULUQW}U

Uszhunnsgiu

JAS No.1152

1nin 1 Lnin 2

ANAINUTUVDILT 15% 139

$4p8N7N

12%

(munnspIveeamnssuliiveslsemalne)

a1susznaunaniian bavlu
n17 (Formaldehyde

emission amount)

1.5 4adnSUs0anS

SEAUAZLUL (F **)

nsldtiendauuinneusn

98n31 10 AadUnT o8N 30 LAALIAT

Y =2 LY am o
nslitendanieluianily

WIUAINRIUBN

Taifvun f198n31 30 NaALUNS

nsAnLieansvilveiuian

AReT LA UNINUS 2 §aaLuns w3sldtaendn
3 JadlunT WaTA21UNINg

#98n31 50 Tadiuns

Programs output

Tupdauaniin

(Modulus of Rapture)

56.48 MPa

LSIDAVUIULEYU
(Compression Parallel

Perpendicular to grain)

Compress Failures

{n1suanvingukuu Simple Tension

Tupdsdaney 7,369 N/m?

(Modulus of Elastic)

UsEAULInSEY Aade (Average Value) Aadetush (Min. Value)
ASTM 245- 06 9.5 N/mm? 8.0 N/mm?
Taleiusgiunmuagly 9.3 N/mm? 8.3 N/mm?
ENIWIT TR 2x4 17
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5.1.4 wuamnenisneaieiaanauldussiunnuazlderswisdmsumisannande
winsinendinudient aliBnseenuuuidsUssgndnidslaldmilsialsadunis
wanlunrgramnssulivesuszwmealve luisazdusznauveserns winlidnuauimigg
annUnunssuvesdanuanlduseiunnuasldenmisunldvaasslunisneasieass n1s
roasamieinedeilitanuauliiusedunnuagldonm wseendu 4 $u nou léun
1) Fundnanuanlisziunnuaglionmns 2) funeuiawiougiumn 3) funeutszneu

dulszneuTanraulivseiunuasldensmne 4) TuneuiinfeianUneinsiieiinende

1) duneunisroadiagiusniaznuAn Mnnsinseuvesiiuiivianunvesennis
nenofy YuIn 23.04 713190035 INETAYUIAANNNINN 4.80 LUAT kAL
muEn 4.80 was tiduandusefuszozveauae uazam WildszogAnans
YoaIAUNIAALIMENYNAY Yavauiovingus N Fn 60 lwuRuns nin
80 x 80 wuRiuns ldmanazunsenaumyuriinlasaasng muadusa wuie
niiia 6 fia wnivdndviundenIu 1uIAAINEY 15 WURWAT UuT 10

wuRluns ldmanlaoniisn 20 wufiuns
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wuRns Sadsmanainuinnay wiuiy liuansuede v 1.20
X 2.40 WAs v 20 fades Wvidn 43.5 nn. sousiu Badengydmiy
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Fupsunstulasaasna (wall framing) Usznaulasansnifefiazils aunsu
W 4 Hamuuuureads thlasuasmdananuuitueiasiiazils ludauniles
wihfienuevedh Buszes 2.40 was WSWAlTwUY 45 e ieseniny
gnvodlasuaineiun uaglasuainsiunds fnsangluad auiaem
6 1 fndldiAnduruIaAILEs 1.20 WA AR 45 DA WNUNTTY T4
UB$M YA 1.20 x 2.40 WA 91U 6 Jadns uidn 26.1 nn. souky Sasae
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5.1.5 aguuuaneniseanuuulassaiedaanauldliussiuniauagldenanis

1) MnmsAnu ANl funidlussfuuund uazssdunni aiuso
ausnulauuuy Tassafedanmanliliusedunuaslfignamis wmunzaudiunisesnuwuy
lifusgRunluguuuuniseslufianmaiontu (Glued laminated timber) Li9s1n115719
GL‘LJE‘ULLUU‘U’JN%‘HLLUUIﬁﬁﬂUizﬁﬁu (Cross laminated timber) @snsaifiuUszdnsnmues
AnaTRBsnatunseenuutlugUiuuLuuein inndinsesnuuulasaAT) Jandislni
wangauazthuduiagmadendmiulsemalne Aeld osananunsonauvunisldliily
seuutngaaminssy Wiinanunwaiieswianisldninens

2) aaudidenavesiannauliliussdunnuagldonamis ludvesriany
fanguluan (Stiffness) denalvanunsafvusanadunauuld elassadiainainy
o annsndonuenluduiidemelddoufiazdinuaninuinudududiwedasads
Felugaiinszuiunsiwludaunsd asdieidesnsimienginssy annsfiuvesimidnly
UsgAuniald (Gudiyono N. et al,, 2020) 91nn133tAsIgvinuandAlialandanadn
(Viscoelasticity) Tunsaltlsifflifle sgsililassadradeome waglifinsAuguvosian denals
Tanunsaldilulaseadamnsaniinenssy

3) annniseeniuulassasisiaguanliinysedunwasliananis wudnislald
Useiunmaun 2xa i1 iduveslfonans azdelingyaunsadaneziuTaglasasng
R sudoifsutunshldlisefunufissediaien (Davis C, 2009) Sinseviqnsou

299kl AANANULESMIBAINNTDARUUASNLNEE

5.2 Jodanm LaslhuINIeNITWAINIUIRY

5.2.1 fismsnsiaunlduseiunnaludszmealng

MnmsAniamnslivseiun felussduuund wazsedud Tuseuin
yinveslivsziun lawn 1) ldusedunn 2) Wilkddsedunig 3) Wddadszanu 4) Lilidn
Usganu wagnisdunwaliieangenuliiuseiun waznisidudeyaanguszneunislsl
Useunm Tusiiuiinanansesssndlne fedunadiuiy dielud

1) Fumeuniandntanuaulilivse funnuaglfonmns sdavoslionmis

Sududesndnluosiiinisnvauanudy wiomniduiiuiineusndesiiauauaiuiy
Fududemanliasunntuneunieluszesionn 3-4 T iHesnnszuaunisladaniildl vh
Tdesvianeidelionams sufitadoinananmindenvestssimelng Sauduiigs

numsgIuANNTUlivsyylilifuinutu (moisture content) Sogay 12% NMENAINS
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Usziunm fnduseanueiiiodesiudngld Ussian Yann wesn iWudu anudienisindeu

=

iheuadeuldfidindgimsuy

2) nananldionannslugaed a.e.1997-2000 Wuldorsnsiisauinnanueily
Wiu 1.50 LAS L‘ﬁaqmﬂLﬁulﬁﬁgﬂéfmmwé’amiﬁwmumquaﬂ ienantienannsn ol
gz aniunsthinldidulasaine bimstanuentesnin 1.20 wes arwgslsd
asdesnit 1 9 wazanuninslsimastiesndt ¢ 47 msrzavsildilduidn st
SN deralinIsTuLsen Ransuninusnaduisinsdals

3) 9uAdelutaed a.A.2016 — 2019 Suultuldlfidoud swauwanufuduoslst
oo LavwiunIsAaauAUEAng (Stiffness) vadlduseiun1iuinninIsmadaey

14 wva a a

AaudRganavedlivseiunnilisnningudeyasuanaudidnavessiinlduias viing

9

n15398uneul A.A.2000 wagnundinisilindauaudfiduivla bty weduld

naden wsaludrutseneuluturesliiuseiun snsnegrau 1l Tiazian Wudu Suidl

Jaduanannisuantignavnssugaldainsondalaiunaninusaanislald

5.2.2 nseanuuudaananliiliusziunnuazlfisnsnis
InNN1snedeuRnaURdinavesianman i lbuseiuniuasliisnanis tagriuns

[y

VAFOUANANUADNBIVWIAFAURUUANNINTZIU ASTM D143 - 94 Todunnannisuandan
wanlsflivszAunnuasldonmnsilusuuuugramnssy fdedaungiuniseenuuuiiisiiy
fapialuil

1) MnNn1svedesuananUnaveslllivsedunnasldenmis Tudiunis
sonuuunthdavasTanuauldliuseiunnuasldenanisi uenannisesnuuunidnlvsey
Bouvesls! liegluriaumnunuaziiiufifidnanmidugaan (Max Stress on Neutral Axis) 113
oonuuulitansdudeseenuuutureunmsndsliiituneutiosiian Tnaanzlududunon
msUsziunceiaissausraulni msdanuadliiaialuseuiden aunsaBesls
vanefismneiauundsu uazrnadeuld wifianslunissaldl asianadie doandunu
nsudadiefsudulionmisdsefuniuussulussuugramnssy faduniseanuuutan
wanlddliuseAuniauaslsonamis Seeonuuusuldldifuuwuy “double layer” uiiin
AuautRdanalusunuy “H layer” azfidiuiidndy witunountsudaludiudunauns

Usenunmmgnsaeenuseanuliingasly 2 souU TurauuIfa waghuIuey
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y et T e —— Rnlung
7 Shear
Nko Max Stress
Tk N A T on Neutral Axis
e ——Pp
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51 Tmax
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o
1

A9 96 wanwmthdinvesagnlidfivulioglutiwuiunuasiuniannnunugan

2) nseonwuutuligramisvesiaguanldliuseiuniivagldenanis deq
aunsainldenanisndanununlussvvenamnssuldvasdssmalneunldla wielv

I a

aeandoafusuuuunIsHanldenawisiidediin dwaldnszuiunisndnliluszuy
anamnssu wazn1snandaguanlilbivsedunnuazldenanist amisaiatuglugiu
gramMNIINRe iUl

3) maneaeuamantRvesnlunmsseulsl s duliduuuuluduihdou
100 ssnealdoa iunan 6 Falus nuinnildgramnssuldormisuseiunnludagdu
lairhumsnaaey luvazfingaamngsy Tuguuuunndauszanlsl Class Da Alduseiulsl

I ansanusen sMAdeUnINLNTgIU ASTM D143 - 94 1

A9 97 wannInaaeuAnaNUAveIn1Ilun sl
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5.2.3 nsihaaudaanaun ldluauaantdnenssy
nsinuanTRdnavesiananliliuseiun1waldensmis vwn 2x4 97 unly
TunuaaUnenssy Tuguuuvarmsmheinedeuwinitui 23.04 n1319405 AINEWIATT
1 9y Todunsiudiudseluil
1) nmsUszAulddunaiun awnsaldiandu q wu wanuedu lhildeuds wiatan
A = 1Y) ! 9 o A a a a o
gnau 9 wenmiloaniaguanliliussiunuaslisnanis wemindssansamlunisiuuss
! s % LY = [ | v & = A a aa
wazrganivtinvesian welunstivansvesguiivewiig lesnielnseilnlugy
& a = & ' Y @ ! A Yo 1
wuAUIMYANNaIweInu lngverenimlu 10 W waasliviudiuninisldanmeauldls
Useiuniuaze1anns UssAumeiiunsaadla wudim “mesh metric spectrum” wandagly

56U 1.1855 FuAunNI152iU “Unacceptable” Faviliayuulainduganiiszesgusia

(% '
A =

(Deformation) 11n#iga duinaindadelann svezian waziininvesiannaiiy Niin1s
Useiiunsenan deonundamisienisanvuninainumu wieldianuindunaunu

2) N300k UUlATIATINEY JU9diNA9INNITINARILUUIATIER Aa83Dn151
luddwun wunianisnisnsidnatanislulasaas duanenisarstiininainlaseaing

[y P aa 1 1 a Yy Y 1 [ goj CY [

#a9A1 WeonIsnsneaadslszedlalinisfindusenevreaasuiinineanty Wu
nshrtlasuiminunu liinaindy “diagonal brace” Feilnanan13a18usaaINlATIAIS
naea1 Feaguladnfianiaidngn Aan13319 “diagonal brace” luiiemadiminenalsves

21A15 Tuwsazlavo s F9larafnI13TN1519MUUASIVUIUAUNTS LIS 1SN oE519RY

3) ATUABUNIALASULNANYBIDIANSULRERN D Fa NI TSURINY mmmii’fmé‘ﬂgﬂ
fuoa “L7 1iodaaiudn i unIuABUNIaLaSUANIALLAY 1119991nn15E AR U UAIUY

ADUNSALASILNANAIUUUTAIATI A2V IANTARAILEUN LS UasallTissasTE aiaane

o
= (Y [

anvamanguiiuea “L” sxtigiiiudszdnsamlunisfuuseusnalndduiainsuningsy
<
Wian

4) lassadramasan arenaen1synseaulidaviindiuun wagwruiulugs

al

anusaasunlasianymainluiandu uenwdieanundsnndanagi lnvaunsaldTann

q

M 1PRANNYD9RY DNITANLAIAINAUUSUNYRINUNNYINNISNREs1981AsNUR8NDFe
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5.3 YaLaUDLUY

a

TanuauldbivseAunnuagldormndinnisudninghuniinnumangauiunig

q

i lundnluguuuuanamnssy widasinsimuigliuunisneaidiaenadesiuisnis

2 o

Aeasrauuuaufn wifdelalinssadslunisneasiangninvinlugduuueile ven1sdssie

o cs'

A & i ~ v vl I a £ oA
ﬂ?ﬂﬂg%tduﬁﬂﬂa aﬂﬂﬂﬁﬂmﬂmLM@Mﬂ%ﬂmmaﬂﬂ?iiﬂ%ﬂ@l&%?@izUUQWﬁﬁwﬂiiuUWNNWﬂﬂu‘W%

a

gilalaldudumadenimiaulalunisihaunldsiuienisndnldluszuugaamnssy uide

J9lpauvoLaunbuy kazTadane WnlElunISWaININISABESY WaLNISHARNLUSZUU

9AFINNIIU

5.3.1 daldusuuzdniun1snodadng

1) angrudeyanuifelivsgiunm felussduumnd uasseduend aaen
SvovnaRaudl A.e.1901 Uil A./.2019 zfiuimuinisliusefunnllldtifesnuisy
Wisseduiien Slaseadnelivsziunm enadesdinmainnsdiinelusnuaainenssy wie
Anwainmadansneasdludseiunsinssliiusyfuniiteldifulassatis

2) Inssadedanuanlilliyseiunauaslfisnanis awnsadendiulsenauves
il Yansendsnn Alutanfiannsavldluiui wasvssgndlfdntuuiunvesgitiymn
wazauniavesddidoluiiuil vindeasufuanautiidna tssadefanuanlilise i
nuaylifenansansadeslassaisld iesndanadRdnandanuiiomeniaglaivh
Troasiianisuaniinludiuneddassasisluiuil FanniinisAnu3snsgenlassadials
Useun1 Aazvilrerasanuisaldeuluszosinaniiiu 15 3 wWeldlunisiduniaein
91AYNIS

3) 1A50ATIHTY a11150UTUTULUY Wazuu1alunuaumansauue Ul
p1Asuthenende Inedruminveseinsutieinendy lisnludesdetesresnainves

lasasavaen wisesAntlfieszevdeatlingng 9 1wy Usen wieing dealn

5.3.2 TalAUBLULAIUNITHAN TUTZUUDARIANTTY
1) msudaiaguanlilivssiunnwazensnns Julduvsslussuvanamnssy
Tnnafiaenndesiuliiiusgy SuludesinwneaziBonvosgnavnssuldiorsns Tunsdl
fifosnandmduruindu 1wy vuin 2x6 i1 vurn 4xa G dvuiaeunuidenades

A10150U MNANTILAULS WBNAINAMUNUT 2x4 T Ineadluinendnusatuil
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2) madenlifliimngansunsihunlfifientsuantaauanlsllissiunouay
gnan1 Sududosdidunounmsssezvesusariulilinssiuszerinvosfuriou ol
Aamsuaniin viiednun vestuldll iefinsdarenusiey
3) nMsmuaun1snanlili faszernanlunisgn enuvuniidesns unan
undsiiivemineIns WlemunuanantRvesian Siliaunsndanisls iWesanluidudivn
JupusTINER werdinsTuTnTInatsuwENdgdsruUgRaTn T
4) sgpeian g9na wavtumeunisnan Ssdiauliuuou eswnld iudivd
dowilurasiifanmundeuiinnututies Weldlilidaudueosulusduest il
uazaadiFununskanTlsivinty Jeasiinalnenssionaiuyy szovailunisian
PatauanuzdmIunITIdesialy
Tun1sideadsiifdedifadiuing vilassldanunsoifonvuiangdn uasldsses
1281U1U (long term study) Tuaazdiuusnniloaindiuniuls Tudiuvesnisinasslu
sUuuulludamud dedidedrindunisimuadivesiagilasunisusuuse wu mmn
wndeuliifheansialindnuandiuandeiu Wudu safsguiuunisneaiiseiniswiaein
oreuuuln Tnelifanmauldliussiunanagenos Sdliduiiunsnanglulssmealne
yhlsidesdinsfnyinssuislunisroains viemsadediionansdunaunisinds Ifanunseld
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INTRODUCTION

The need to classify wood species by evaluating the physical and mechanical properties of small
clear specimens has always existed. Because of the great variety of species, variability of the material,
continually changing conditions of supply, many factors affecting test results, and ease of comparing
variables, the need will undoubtedly continue to exist.

In the preparation of these methods for testing small clear specimens, consideration was given both
to the desirability of adopting methods that would yield results comparable to those already available
and to the possibility of embodying such improvements as experience has shown desirable. In view
of the many thousands of tests made under a single comprehensive plan by the U.S. Forest Service,
the former Forest Products Laboratories of Canada (now Forintek Canada Corp.), and other similar
organizations, the methods naturally conform closely to the methods used by these institutions. These
methods are the outgrowth of a study of both American and European experience and methods. The
general adoption of these methods will tend toward a world-wide unification of results, permitting an
interchange and correlation of data, and establishing the basis for a cumulative body of fundamental
information on the timber species of the world.

Descriptions of some of the strength tests refer to primary methods and secondary methods. Primary
methods provide for specimens of 2 by 2-in. (50 by 50-mm) cross-section. This size of specimen has
been extensively used for the evaluation of various mechanical and physical properties of different
species of wood, and a large number of data based on this primary method have been obtained and
published.

The 2 by 2-in. (50 by 50-mm) size has the advantage in that it embraces a number of growth rings,
is less influenced by earlywood and latewood differences than smaller size specimens, and is large
enough to represent a considerable portion of the sampled material. It is advisable to use primary
method specimens wherever possible. There are circumstances, however, when it is difficult or
impossible to obtain clear specimens of 2 by 2-in. cross section having the required 30 in. (760 mm)
length for static bending tests. With the increasing incidence of smaller second growth trees, and the
desirability in certain situations to evaluate a material which is too small to provide a 2 by 2-in.
cross-section, a secondary method which utilizes a 1 by l-in. (25 by 25-mm) cross section has been
included. This cross section is established for compression parallel to grain and static bending tests,
while the 2 by 2-in. cross-section is retained for impact bending, compression perpendicular to grain,
hardness, shear parallel to grain, cleavage, and tension perpendicular to grain. Toughness and tension
parallel to grain are special tests using specimens of smaller cross section.

The user is cautioned that test results between two different sizes of specimens are not necessarily
directly comparable. Guidance on the effect of specimen size on a property being evaluated is beyond
the scope of these methods, and should be sought elsewhere.

Where the application, measurement, or recording of load and deflection can be accomplished using
electronic equipment and computerized apparatus, such devices are encouraged, providing they do not
lower the standard of accuracy and reliability available with basic mechanical equipment.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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1. Scope

1.1 These methods cover the determination of wvarious
strength and related properties of wood by testing small clear
specimens.

1.1.1 These methods represent procedures for evaluating the
different mechanical and physical properties. controlling fac-
tors such as specimen size, moisture content, temperature, and
rate of loading.

1.1.2 Sampling and collection of material is discussed in
Practice D 5536. Sample data, computation sheets, and cards
have been incorporated, which were of assistance to the
investigator in systematizing records.

1.1.3 The values stated in inch-pound units are to be
regarded as the standard. The SI values are given in parenthe-
ses and are provided for information only. When a weight is
prescribed, the basic inch-pound unit of weight (Ibf) and the
basic SI unit of mass (Kg) are cited.

1.2 The procedures for the various tests appear in the
following order:

Sections
Photographs of Specimens 5
Control of Moisture Content and Temperature 1
Record of Heartwood and Sapwood 7
Static Bending 8
Compression Parallel to Grain 9
Impact Bending 10
Toughness 1
Compression Perpendicular to Grain 12
Hardness 13
Shear Parallel to Grain 14
Cleavage 15
Tension Parallel to Grain 16
Tension Perpendicular to Grain 17
Nail Withdrawal 18
Specific Gravity and Shrinkage in Volume 19
Radial and Tangential Shrinkage 20
Moisture Determination 21
Permissible Variations 22
Calibration 23

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 198 Methods for Static Tests of Timbers in Structural
Sizes®

D 2395 Test Methods for Specific Gravity of Wood and
Wood-Base Materials®

D 3043 Methods of Testing Structural Panels in Flexure®

D 3500 Test Method for Structural Panels in Tension®

D 4442 Test Methods for Direct Moisture Content Measure-
ment of Wood and Wood-Base Materials®

! These methods are under the jurisdiction of ASTM Committee D7 on Wood and
are the direct responsibility of Subcommittee D07.01 on Fundamental Test Methods
and Properties.

Current edition approved May 15, 1994. Published July 1994. Originally
published as D 143 — 22 T. Last previous edition D 143 — 83.

2 Annual Book of ASTM Standards, Vol 04.10.

D 4701 Test Method for Mechanical Properties of Lumber
and Wood-Base Structural Material®

D 5536 Practice for Sampling the Forest Trees for Determi-
nation of Clear Wood Properties”

E 4 Practices for Force Verification of Testing Machines®

3. Summary of Methods

3.1 The mechanical tests arc static bending, compression
parallel to grain, impact bending toughness, compression
perpendicular to grain, hardness. shear parallel to grain (Note
1), cleavage, tension parallel to grain, tension-perpendicular-
to-grain, and nail-withdrawal tests. These tests may be made on
both green and air-dry material as specified in these methods.
In addition, methods for evaluating such physical properties as
specific gravity, shrinkage in volume, radial shrinkage, and
tangential shrinkage are presented.

Note |—The test for shearing strength perpendicular to the grain
(sometimes termed “vertical shear™) is not included as one of the principal
mechanical tests since in such a test the strength is limited by the shearing
resistance parallel to the grain.

4. Significance and Use

4.1 These methods cover tests on small clear specimens of
wood that are made to provide the following:

4.1.1 Data for comparing the mechanical properties of
various species,

4.1.2 Data for the establishment of correct strength func-
tions, which in conjunction with results of tests of timbers in
structural sizes (see Methods D 198 and Test Method D 4761),
afford a basis for establishing allowable stresses, and

4.1.3 Data to determine the influence on the mechanical
properties of such factors as density, locality of growth,
position in cross section, height of timber in the tree, change of
properties with seasoning or treatment with chemicals, and
change from sapwood to heartwood.

5. Photographs of Specimens

5.1 Four of the static bending specimens from each species
shall be selected for photographing, as follows: two average
growth, one fast growth, and one slow growth. These speci-
mens shall be photographed in cross section and on the radial
and tangential surfaces. Fig. 1 is a typical photograph of a cross
section of 2 by 2-in. (50 by 50-mm) test specimens, and Fig. 2
is the tangential surface of such specimens.

6. Control of Moisture Content and Temperature

6.1 Inrecognition of the significant influence of temperature
and moisture content on the strength of wood, it is highly
desirable that these factors be controlled to ensure comparable
test results.

6.2 Control of Moisture Content—Specimens for the test in
the air-dry condition shall be dried to approximately constant
weight before test. Should any changes in moisture content
occur during final preparation of specimens, the specimens
shall be reconditioned to constant weight before test. Tests
shall be carried out in such manner that large changes in

* Annual Baok of ASTM Standards, Vol 03.01.
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FIG. 2 Tangential Surfaces of Bending Specimens of Different Rates of Growth of Jeffrey Pine 2 by 2-in. (50 by 50 by 760-mm)
Specimens

moisture content will not occur. To prevent such changes, it 1s
desirable that the testing room and rooms for preparation of test
specimens have some means of humidity control.

6.3 Control of Temperature—Temperature and relative hu-
midity together affect wood strength by fixing its equilibrium
moisture content. The mechanical properties of wood are also
affected by temperature alone. When tested, the specimens
shall be at a temperature of 68 + 6°F (20 + 3°C). The tempera-
ture at the time of test shall in all instances be recorded as a
specific part of the test record.

7. Record of Heartwood and Sapwood

7.1 Proportion of Sapwood—The estimated proportion of
sapwood present should be recorded for each test specimen.
8. Static Bending

8.1 Size of Specimens—The static bending tests shall be
made on 2 by 2 by 30 in. (50 by 50 by 760 mm) primary

method specimens or 1 by 1 by 16 in. (25 by 25 by 410 mm)
secondary method specimens. The actual height and width at
the center and the length shall be measured (see 22.2).

8.2 Loading Span and Supports—Use center loading and a
span length of 28 in. (710 mm) for the primary method and 14
in. (360 mm) for the secondary method. These spans were
established in order to maintain a minimum span-to-depth ratio
of 14. Both supporting knife edges shall be provided with
bearing plates and rollers of such thickness that the distance
from the point of support to the central plane is not greater than
the depth of the specimen (Fig. 3). The knife edges shall be
adjustable laterally to permit adjustment for slight twist in the
specimen (Note 2).

Note 2—Details of laterally adjustable supports may be found in Fig.
1 of Methods D 3043.

8.3 Bearing Block—A bearing block of the form and size of
that shown in Fig. 4 shall be used for applying the load for
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FIG. 4 Details of Bearing Block for Static Bending Tests

FIG. 3 Static Bending Test Assembly Showing Method of Load Application, Specimen Supported on Rollers and Laterally Adjustable
Knife Edges, and Method of Measuring Deflection at Neutral Axis by Means of Yoke and Dial Attachment (Adjustable scale mounted on
loading head is used to measure increments of deformation beyond the dial capacity.)

primary method specimens. A block having a radius of 1'% in.
(38 mm) for a chord length of not less than 2 in. (50 mm) shall
be used for secondary method specimens.

8.4 Placement of Growth Rings—The specimen shall be
placed so that the load will be applied through the bearing
block to the tangential surface nearest the pith.

8.5 Speed of Testing—The load shall be applied continu-
ously throughout the test at a rate of motion of the movable

crosshead of 0.10 in. (2.5 mm)/min (see 22.3), for primary
method specimens, and at a rate of 0.05 in. (1.3 mm)/min for
secondary method specimens.

8.6 Load-Deflection Curves:

8.6.1 Load-deflection curves shall be recorded to or beyond
the maximum load for all static bending tests. The curves shall
be continued to a 6 in. (150 mm) deflection, or until the
specimen fails to support a load of 200 Ibf (890 N) for primary
method specimens and to a 3 in. (76 mm) deflection or until the
specimen fails to support a load of 50 Ibf (220 N) for secondary
method specimens.

8.6.2 Deflections of the neutral plane at the center of the
length shall be taken with respect to points in the neutral plane
above the supports. Alternatively, deflection may be taken
relative to the tension surface at midspan. However, take care
to ensure that vertical displacements which may occur at the
reactions are accounted for.

8.6.3 Within the proportional limit, deflection readings shall
be taken to 0.001 in. (0.02 mm). After the proportional limit is
reached, less refinement is necessary in observing deflections,
but it is convenient to read them by means of the dial gage (Fig.
3) until it reaches the limit of its capacity, normally approxi-

mately 1 in. (25 mm). Where deflections beyond 1 in. are
encountered, the deflections may be measured by means of the
scale mounted on the loading head (Fig. 3) and a wire mounted
at the neutral axis of the specimen of the side opposite the
yoke. Deflections are read to the nearest 0.01 in. (0.2 mm) at
0.10 in. (2.5 mm) intervals and also after abrupt changes in
load.
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8.6.4 The load and deflection of first failure, the maximum
load, and points of sudden change shall be read and shown on

the curve sheet (Note 3) although they may not
the regular load or deflection increments.

occur at one of

Notr 3—See Fig. 5 for a sample static hbending data sheet form.
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the failure develops (Fig. 6). The fractured surfaces may be
roughly divided into “brash” and “fibrous”, the term “brash”
indicating abrupt failure and* fibrous” indicating a fracture

showing splinters.

8.8 Weight and Moisture Content—The specimen shall be
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FIG. 5 Sample Data Sheet for Static Bending Test

8.7 Description of Static Bending Failures—Static bending
(flexural) failures shall be classified in accordance with the
appearance of the fractured surface and the manner in which

0.9

= st

weighed immediately before test, and after the test a moisture
section approximately 1 in. (25 mm) in length shall be cut from
the specimen near the point of failure. (see 21.1 and 22.1).
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(a) Simple Tension.
(Side View)

(b) Cross-Grain Tension.”
(Side View)

{c) Splintering Tension.
{View of Tension Surface)

L i |

(d) Brash Tension.
{View of Tension Surface)

[ T

(e) Compression.
(Side View)

 — ]

(f) Horizontal Shear
{Side View)

Note 1—The term “cross grain” shall be considered to include all
deviations of grain from the direction of the longitudinal axis or
longitudinal edges of the specimen. It should be noted that spiral grain
may be present even to a serious extent without being evident from a
casual observation.

Note 2—The presence of cross grain have a slope that deviates more
than 1 in 20 from the longitudinal edges of the specimen shall be cause for
culling the test.

FIG. 6 Types of Failures in Static Bending

9. Compression Parallel to Grain

9.1 Size of Specimens—The compression-parallel-to-grain
tests shall be made on 2 by 2 by 8 in. (50 by 50 by 200 mm)
primary method specimens, or 1 by 1 by 4 in. (25 by 25 by 100
mm) secondary method specimens. The actual cross-sectional
dimensions and the length shall be measured (see 22.2).

9.2 End Surfaces Parallel—Special care shall be used in
preparing the compression-parallel-to-grain test specimens to
ensure that the end grain surfaces will be parallel to each other
and at right angles to the longitudinal axis. At least one platen
of the testing machine shall be equipped with a spherical
bearing to obtain uniform distribution of load over the ends of
the specimen.

9.3 Speed of Testing—The load shall be applied continu-
ously throughout the test at a rate of motion of the movable
crosshead of 0.003 in/in. (mm/mm) of nominal specimen
length/min (see 22.3).

9.4 Load-Compression Curves:

9.4.1 Load-compression curves shall be taken over a central
gage length not exceeding 6 in. (150 mm) for primary method
specimens, and 2 in. (50 mm) for secondary method speci-

mens. Load-compression readings shall be continued until the
proportional limit is well passed, as indicated by the curve

(Note 4).

Note 4—S8ee Fig. 7 for a sample compression-parallel-to-grain data
sheet form.

9.4.2 Deformations shall be read to 0.0001 in. (0.002 mm).

9.4.3 Figs. 8 and 9 illustrate two types of compressometers
that have been found satisfactory for wood testing. Similar
apparatus is available for measurements of compression over a
2 in. (50 mm) gage length.

9.5 Position of Test Failures—In order to obtain satisfactory
and uniform results, it is necessary that the failures be made to
develop in the body of the specimen. With specimens of
uniform cross section, this result can best be obtained when the
ends are at a very slightly lower moisture content than the
body. With green material, it will usually suffice to close-pile
the specimens, cover the body with a damp cloth, and expose
the ends for a short time. For dry material, it may sometimes be
advisable to pile the specimens in a similar manner and place
them in a desiccator, should the failures in test indicate that a
slight end-drying is necessary.

9.6 Descriptions of Compression Failures—Compression
failures shall be classified in accordance with the appearance of
the fractured surface (Fig. 10). In case two or more kinds of
failures develop, all shall be described in the order of their
occurrence; for example, shearing followed by brooming. The
failure shall also be sketched in its proper position on the data
sheet.

9.7 Weight and Moisture Content—See 8.8.

9.8 Ring and Latewood Measurement— When practicable,
the number of rings per inch (average ring width in millime-
tres) and the proportion of summerwood shall be measured
over a representative inch (centimetre) of cross section of the
test specimen. In determining the proportion of summerwood,
it is essential that the end surface be prepared so as to permit
accurate latewood measurement. When the fibers are broomed
over at the ends from sawing, a light sanding, planing, or
similar treatment of the ends is recommended.

10. Impact Bending

10.1 Size of Specimens—The impact bending tests shall be
made on 2 by 2 by 30 in. (50 by 50 by 760 mm) specimens. The
actual height and width at the center and the length shall be
measured (see 22.2).

102 Loading and Span—Use center loading and a span
length of 28 in. (710 mm).

10.3 Bearing Block—A metal tup of curvature correspond-
ing to the bearing block shown in Fig. 4 shall be used in
applying the load.

10.4 Placement of Growth Rings—The specimen shall be
placed so that the load will be applied through the bearing
block to the tangential surface nearest the pith.

10.5 Procedure—Make the tests by increment drops in a
Hatt-Turner or similar impact machine (see Fig. 11). The first
drop shall be 1 in. (25 mm), after which increase the drops by
1 in. increments until a height of 10 in. (250 mm) is reached.
Then use a 2 in. (50 mm) increment until complete failure
occurs or a 6 in. (150 mm) deflection is reached.
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FIG. 7 Sample Data Sheet for Compression-Parallel-to-Grain Test

10.6 Weight of Hammer—A 50 Ibf (22.5 kg) hammer shall Note 5—See Fig. 12 for a sample drum record.
be used when, with drops up to the capacity of the machine 10.8 Drop Causing Failure—The height of drop causing
(about 68 in. (1.7 m) for the small Hatt-Turner impact  gjther complete failure or a 6 in. (150 mm) deflection shall be
machine), it is pra_ctlcal_ly certain that compl(_:tc failure or a 6_ N, observed for each specimen.
(150 mm) deflection will result for all specimens of a species. 10.9 Description of Failure—The failure shall be sketched

For all other cases, a 100 Ibf (45 kg) hamer shall.be used. on the data sheet (Note 6) and described in accordance with the
10.7 Deflection Records—When desired, graphical drum  §iroctions for static bending in 8.7.

records (Note 5) giving the deflection for each drop and the set,
if any, shall be made until the first failure occurs. This record
will also afford data from which the exact height of drop can be
scaled for at least the first four falls. 10.10 Weight and Moisture Content—See 8.8.

Note 6—See Fig. 13 for a sample impact bending data sheet form. Fig.
14 shows a sample data and computation card.
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FIG. 8 Compression-Parallel-to-Grain Test Assembly Using an Automatic Type of Compressometer to Measure Deformations
(The wire in the lower right-hand corner connects the compressometer with the recording unit.)

FIG. 9 Compression-Parallel-to-Grain Test Assembly Showing
Method of Measuring Deformations by Means of Roller-Type
Compressometer

11. Toughness

11.1 A single-blow impact test on a small specimen is
recognized as a valuable and desirable test. Several types of
machines such as the Toughness, Izod and Amsler have been
used, but insufficient information is available to decide whether
one procedure is superior to another, or whether the results by
the different methods can be directly correlated. If the Tough-
ness machine is used, the following procedure has been found

satisfactory. To aid in standardization and to facilitate compari-
sons, the size of the toughness specimen has been made equal
to that accepted internationally.

11.2 Size of Specimen—The toughness tests shall be made
on 0.79 by 0.79 by 11 in. (20 by 20 by 280 mm) specimens.
The actual height and width at the center and the length shall
be measured (see 22.2).

11.3 Loading and Span—Center loading and a span length
of 9.47 in. (240 mm) shall be used. The load shall be applied
to a radial or tangential surface on alternate specimens.

11.4 Bearing Block—An aluminum tup (Fig. 15) having a
radius of ¥ in. (19 mm) shall be used in applying the load.

11.5 Apparatus and Procedure—Make the tests in a pendu-
lum type toughness machine (Note 7) (See Fig. 15). Adjust the
machine before test so that the pendulum hangs vertically, and
adjust it to compensate for friction. Adjust the cable so that the
load is applied to the specimen when the pendulum swings to
15° from the vertical, so as to produce complete failure by the
time the downward swing is completed. Choose the weight
position and initial angle (30, 45, or 60°) of the pendulum, so
that complete failure of the specimen is obtained on one drop.
Most satisfactory results arc obtained when the difference
between the initial and final angle is at least 10°.

Note 7—Many pendulum-type toughness machines are based on a
design developed and used at the USDA Forest Products Laboratory in
Madison, Wisconsin.

11.6 Calculation—The initial and final angle shall be read
to the nearest 0.1° by means of the vernier (Fig. 15) attached to
the machine (Note 8).

Note 8—See Fig. 16 for sample data and computation sheet for the
toughness test.
The toughness shall then be calculated as follows:

T = wlL(cos A, — cos 4,) (8]
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Crushing
This term shall be used when the
plane of rupture is approximately
horizontal.

Wedge Split
The direction of the split, that is
whether radial or tangential, shall
be noted.

Shearing
This term shall be used when the
plane rupture makes an angle of
more than 45 deg with the top of
the specimen.

Splitting
This type of failure usually occurs
in specimens having internal de-
fects prior to test and shall be the
basis for culling the specimen.

Compression and Shearing Parallel to
Grain
This failure usually occurs in cross-
grained pieces and shall be the
basis for culling the specimen.

Brooming or End-Rolling

This type of failure is usually asso-
ciated with either an excess mois-
ture content at the ends of the
specimen, improper cutting of the
specimen, or both. This is not an
acceptable type of failure and
usually is associated with a reduced
load. Consideration should be given
to remedial conditions when thig
type of failure is observed.

FIG. 10 Types of Failures in Compression

[ 337 =&

where:

I = toughness (work per specimen, in. -1bf (Nm),

w = weight of pendulum, Ibf (N),

L = distance from center of the supporting axis to center
of gravity of the pendulum, in. (m),

4, = initial angle (Note 9), degrees, and

A, = final angle the pendulum makes with the vertical

after failure of the test specimen, degrees.

Note 9—Since friction is compensated for in the machine adjustment,
the initial angle may be regarded as exactly 30, 45, or 60°, as the case may
be.

11.7 Weight and Moisture Content—The specimen shall be
weighed immediately before test, and after test a moisture
section approximately 2 in. (50 mm) in length shall be cut from
the specimen near the failure (see 21.1 and 22.1).

12. Compression Perpendicular to Grain

12.1 Size of Specimens—The compression-perpendicular-
to-grain tests shall be made on 2 by 2 by 6 in. (50 by 50 by 150
mm) specimens. The actual height, width, and length shall be
measured (see 22.2).

FIG. 11 Hatt-Turner Impact Machine, lllustrating Method of
Conducting Impact Bending Test

m
|

=

R

.
—_—————

FIG. 12 Sample Drum Record of Impact Bending Test

12.2 Loading—The load shall be applied through a metal
bearing plate 2 in. (50 mm) in width, placed across the upper
surface of the specimen at equal distances from the ends and at
right angles to the length (Fig. 17). The actual width of the
bearing plate shall be measured (see 22.2).
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12.3 Placement of Growth Rings—The specimens shall be
placed so that the load will be applied through the bearing plate
to a radial surface.

12.4 Speed of Testing—The load shall be applied continu-
ously throughout the test at a rate of motion of the movable
crosshead of 0.012 in. (0.305 mm)/min (see 22.3).

12.5 Load-Compression Curves:

12.5.1 Load-compression curves (Note 10) shall be taken
for all specimens up to 0.1 in. (2.5 mm) compression, after
which the test shall be discontinued. Compression shall be
measured between the loading surfaces.

Note 10—See Fig. 18 for a sample compression-perpendicular-to-grain
data sheet form.

12.5.2 Deflection readings shall be taken to 0.0001 in.
(0.002 mm).

12.6 Weight and Moisture Content—The specimen shall be
weighed immediately before test, and after test a moisture
section approximately 1 in. (25 mm) in length shall be cut
adjacent to the part under load (see 21.1 and 22.1).
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FIG. 15 Toughness Test Assembly

13. Hardness

13.1 Size of Specimens—The hardness tests shall be made
on 2 by 2 by 6 in. (50 by 50 by 150 mm) specimens. The actual
cross-sectional dimensions and length shall be measured (see
222).

13.2 Procedure—Use the modified ball test with a “ball”
0.444 in. (11.3 mm) in diameter for determining hardness (Fig.
19). The projected area of the ball on the test specimen is 1
cm?. Record the load at which the ball has penetrated to one
half its diameter, as determined by an electric circuit indicator
or by the tightening of the collar against the specimen.

13.3 Number of Penetrations—Two penetrations shall be
made on a tangential surface, two on a radial surface, and one

on each end. The choice between the two radial and between
the two tangential surfaces shall be such as to give a fair
average of the piece. The penetrations shall be far enough from
the edge to prevent splitting or chipping (Note 11).

Note 11
hardness test.

See Fig. 20 for a sample data and computation sheet for

13.4 Speed of Testing—The load shall be applied continu-
ously throughout the test at a rate of motion of the movable

crosshead of 0.25 in. (6 mm/min) (see 22.3).
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13.5 Weight and Moisture Conteni—The specimen shall be
weighed immediately before the test, and after the test a
moisture section approximately 1 in. (25 mm) in length shall be
cut (see 21.1 and 22.1).

14. Shear Parallel to Grain

14.1 This section describes one method of making the
shear-parallel-to-grain test that has been extensively used and
found satisfactory.

14.2 Size of Specimens—The shear-parallel-to-grain tests
shall be made on a 2 by 2 by 2-Y2in. (50 by 50 by 63 mm)
specimens notched in accordance with Fig. 21 to produce
failure on a 2 by 2 in. (50 by 50 mm) surface. The actual
dimensions of the shearing surface shall be measured (see
22.2).

14.3 Procedure—Use a shear tool similar to that illustrated
in Fig. 22, providing a ¥ m. (3 mm) offset between the mner
edge of the supporting surface and the plane of the adjacent
edge of the loading surface. Apply the load to and support the

12

G LDAD APPLIED TD TAWGENTIAL FAGE

FIG. 16 Sample Data and Computation Sheet for Toughness Test

specimen on end-grain surfaces. Take care in placing the
specimen in the shear tool to see that the crossbar is adjusted,
so that the edges of the specimen are vertical and the end rests
evenly on the support over the contact area. Observe the
maximum load only.

14.4 Speed of Testing—The load shall be applied continu-
ously throughout the test at a rate of motion of the movable
crosshead of 0.024 in. (0.6 mm)/min (see 22.3).

14.5 Test Failures—The failure shall be sketched on the
datasheet (Note 12). In all cases where the failure at the base of
the specimen extends back onto the supporting surface, the test

shall be culled.

Note 12—See Fig. 23 for a sample data and computation sheet for the
tangential-shear-parallel-to-grain test.

14.6 Moisture Content—The portion of the test piece that 1s
sheared off shall be used as a moisture specimen (see 21.1 and
22.1).
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FIG. 17 Compression-Perpendicular-to-Grain Test Assembly
Showing Method of Load Application and Measurement of
Deformation by Means of Averaging-Type Compressometer

15. Cleavage

15.1 Size of Specimens—The cleavage tests shall be made
on specimens of the form and size in accordance with Fig. 24.
The actual width and length at minimum section shall be
measured (see 22.2).

15.2 Procedure—The specimens shall be held during test in
grips as shown in Figs. 25 and 26. Observe the maximum load
only.

15.3 Speed of Testing—The load shall be applied continu-
ously throughout the test at a rate of motion of the movable
crosshead of 0.10 in. (2.5 mm)/min (see 22.3).

15.4 Sketch of Failure—The failure shall be sketched on the
data sheet (Note 13).

Note 13- See Fig. 27 for a sample data and computation sheet for the
cleavage test.

15.5 Moisture Content—One of the pieces remaining after
tailure, or a section split along the surface of failure, shall be
used as a moisture specimen (see 21.1 and 22.1).

16. Tension Parallel to Grain

16.1 One method of determining the tension-parallel-to-
grain strength of wood is given in the following procedure.

16.2 Size of Specimens—The tension-parallel-to-grain tests
shall be made on specimens of the size and shape in accordance
with Fig. 28. The specimen shall be so oriented that the
direction of the annual rings at the critical section on the ends
of the specimens, shall be perpendicular to the greater cross-
sectional dimension. The actual cross-sectional dimensions at
minimum section shall be measured (see 22.2).

16.3 Procedure:

16.3.1 Fasten the specimen in special grips (Fig. 29).
Deformation shall be measured over a 2 in. (50 mm) central
gage length on all specimens. Take load-extension readings
until the proportional limit is passed.

16.3.2 Read deformations to 0.0001 in. (0.002 mm).

16.3.3 Fig. 29 illustrates gripping devices and a type of
extensometer that have been found satisfactory.

16.4 Speed of Testing—The load shall be applied continu-
ously throughout the test at a rate of motion of the movable
crosshead of 0.05 in (Imm)/min (see 22.3).

16.5 Sketch of Failure—The failure shall be sketched on the
data sheet (Note 14).

Note 14—See Fig. 30 for a sample tension-parallel-to-grain-data and
computation sheet.

16.6 Moisture Content—A moisture section about 3 in. (76
mm) in length shall be cut from the reduced section near the

failure (see 21.1 and 22.1).

17. Tension Perpendicular to Grain

17.1 Size of Specimens—The tension-perpendicular-to-
grain tests shall be made on specimens of the size and shape in
accordance with Fig. 31. The actual width and length at
minimum sections shall be measured (see 22.2).

17.2 Procedure—Fasten the specimens during test in grips
as shown in Figs. 32 and 33. Observe the maximum load only.

17.3 Speed of Testing—The load shall be applied continu-
ously throughout the test at a rate of motion of the movable
crosshead of 0.10 in. (2.5 mm)/min (see 22.3).

17.4 Sketch of Failure—The failure shall be sketched on the
data sheet (Note 15).

Note 15—See Fig. 34 for a sample data and computation sheet for the
tension-perpendicular-to-grain test.

17.5 Moisture Content—One of the pieces remaining after
failure or a section split along the surface of failure, shall be
used as a moisture specimen (see 21.1 and 22.1).

18. Nail Withdrawal

18.1 Nails—Nails used for withdrawal tests shall be 0.0985
in. (2.5 mm) in diameter (Note 16). Bright diamond-point nails
shall be used. All nails shall be cleaned before use to remove
any coating or surface film that may be present as a result of
manufacturing operations. Each nail shall be used once.

NoTe 16—A fivepenny common nail meets this requirement. If diffi-
culty is experienced with high-density woods in pulling the nails without
breaking the heads, a sevenpenny cement-coated sinker nail with coating
removed by use of a suitable solvent, may be used.

18.2 Preparation of Specimens—Nails shall be driven at
right angles to the face of the specimen to a total penetration of
1% in. (32 mm). Two nails shall be driven on a tangential
surface, two on a radial surface, and one on each end. The
choice between the two radial and two tangential surfaces shall
be such as to give a fair average of the piece. On radial and
tangential faces, the nails shall be driven a sufficient distance
from the edges and ends of the specimen to avoid splitting. In
general, nails should not be driven closer than ¥4 in. (19 mm)
from the edge or 1% in. (38 mm) from the end of a piece. The
two nails on a radial or tangential face should not be driven in
line with each other or less than 2 in. (50 mm) apart.

18.3 Procedure—Withdraw all six nails in a single speci-
men immediately after driving. Fasten the specimens during
the test in grips as shown in Figs. 35 and 36. Observe the
maximum load only (Note 16).
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FIG. 18 Sample Data Sheet for Compression-Perpendicular-to-Grain Test

Note 17—See Fig. 37 for sample nail-withdrawal test data sheet form.
18.4 Speed of Testing—The load shall be applied continu-

ously throughout the test at a rate of motion of the movable
crosshead of 0.075 in. (2 mm)/min (see 22.3).

18.5 Weight and Moisture Content—The specimen shall be
weighed immediately before driving the nails. After the test, a
moisture section approximately 1 in. (25 mm) in length shall be
cut from specimen (see 21.1 and 22.1).

19. Specific Gravity and Shrinkage in Volume (Note 17)

Note 18—Other methods of determining specific gravity using speci-
mens of different shape, size, and moisture content are found in Test
Methods D 2395,

19.1 Size of Specimens—The specific gravity and shrinkage
in volume tests shall be made on green 2 by 2 by 6 in. (50 by
50 by 150 mm) specimens. The actual cross-sectional dimen-
sions and length shall be measured (see 22.2).

19.2 Procedure:

19.2.1 Obtain both specific gravity and shrinkage-in-
volume determinations on the same specimen. Make these
determinations at approximately 12 % moisture content and at
the oven-dry condition (Test Methods D 2395).

19.2.2 A carbon impression of the end of the green speci-
men may be made on the back of the data sheet (Note 18). In
like manner, a carbon impression of the same end may be made
after the specimen has been conditioned.
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Scale, in.

FIG. 19 Diagrammatic Sketch of Method of Conducting Hardness
Test

Note 19—See Fig. 38 for a sample data and computation sheet for the
specific gravity and shrinkage-in-volume test.

19.2.3 Weigh the specimen when green (see 22.1) and
determine the volume by the immersion method in accordance
with the procedures of Test Methods D 2395.

19.2.4 Open-pile the green specimens after immersion and
allow them to air-season under room conditionss to a uniform
moisture content of approximately 12 %. The specimens
should then be weighed and the volume determined by the
immersion method.

19.2.5 Then, open-pile the specimens used for specific
gravity and shrinkage determinations at 12 % moisture content,
or duplicate specimens on which green weight and volume
measurements have been made prior to conditioning to ap-
proximately 12 % moisture content in an oven. Dry at 103 *+
2°C until approximately constant mass is reached (Test Meth-
ods D 4442).

19.2.6 Afier oven-drying, weigh the specimens (see 22.1)
and while still warm, immerse them in a hot paraffin bath,
taking care to remove them quickly to ensure a thin coating.

19.2.7 Determine the volume of the paraffin-coated speci-
men by immersion as before.

19.2.8 Fig. 39 illustrates the apparatus used in determining
the specific gravity and shrinkage in volume. The use of an
automatic balance will facilitate increased rapidity and accu-
racy of measurements.

20. Radial and Tangential Shrinkage

20.1 Size of Specimens—The radial and tangential shrink-
age determinations shall be made on green 1 by 4 by | in. (25
by 100 by 25 mm) specimens cut from 1 by 4-in. (25 by
100-mm) boards, edge grain and flat grain, respectively.

20.2 Initial Measurement—The length of all specimens
shall be measured.

20.3 Weight—The specimen shall be weighed when green
and after subsequent oven-drying (see 21.1).

20.4 Drying:

20.4.1 The green specimens shall be open-piled and allowed
to air-season under room conditions to a uniform moisture
content of approximately 12 %.

20.4.2 After weighing and measuring, the specimens shall
then be open-piled in an oven and dried at 103 = 2°C until
approximately constant mass is attained (Test Methods
D 4442).

20.5 Final Measurement—Measurements of mass and
length shall be made on the oven-dry specimens (see Note 18).

Note 20—See Fig. 40 for a sample data and computation sheet for the
radial and tangential-shrinkage test.

20.6 Method of Measurement—Fig. 41 illustrates the
method of making the radial and tangential shrinkage measure-
ments. An ordinary micrometer of required accuracy is suitable
for this work (see 22.2).

21. Moisture Determination

21.1 Selection—The sample for moisture determinations of
cach test specimen shall be selected as described for each test.

21.2 Weighing—Immediately after obtaining the moisture
sample, all loose splinters shall be removed and the sample
shall be weighed (see 22.1).

21.3 Drying—The moisture samples shall be open-piled in
an oven and dried at a temperature of 103 = 2°C until
approximately constant mass is attained, after which the
oven-dry mass shall be determined.

21.4 Moisture Content—The loss in mass, expressed in
percent of the oven-dry mass as determined, shall be consid-
ered the moisture content of the specimen.

22. Mass and Permissible Variations

22.1 Mass—The mass of test specimens and of moisture
samples shall be determined to an accuracy of not less than
0.2 %.

22.2 Measurements—Measurements of test specimens shall
be made to an accuracy of not less than 0.3 %, except that in no
case shall the measurements be made to less than 0.01 in. (0.25
mm). However, measurements of radial and tangential shrink-
age specimens shall be made to the nearest 0.001 in. (0.02
mm).

22.3 Testing Machine Speeds—The testing machine speed
used should not vary by more than 25 % from that specified for
a given test. If the specified speed cannot be obtained, the
speed used shall be recorded on the data sheet. The crosshead
speed shall mean the free-running or no-load speed of cross-
head for testing machines of the mechanical drive type and the
loaded crosshead speed for testing machines of the hydraulic
loading type.

23. Calibration

23.1 All apparatus used in obtaining data shall be calibrated
at sufficiently frequent intervals to ensure accuracy (Practices
E4).

24. Precision and Bias

24.1 Statements of precision and bias for the tests have not
yet been developed.
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25. Keywords

FIG. 20 Sample Data and Computation Sheet for Hardness Test

Metric Equivalents

in. Ya 2 2v2
mm 20 50 63

FIG. 21 Shear-Parallel-to-Grain Test Specimen

25.1 clear specimens; small clear specimens; timber; wood
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FIG. 22 Shear-Parallel-to-Grain Test Assembly Showing Method of Load Application Through Adjustable Seat to Provide Uniform
Lateral Distribution of Load
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FIG. 23 Sample Data and Computation Sheet for Shear-Parallel-to-Grain Test
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FIG. 24 Cleavage Test Specimen
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Note 1-—Two pieces included in one set:
One piece with shank 8 in. long.
One piece with shank 5%2 in. long.

Metric Equivalents

in. mm in. mm
% 3 1% 35
Yie 48 1% 38
Ya 6 1% 48
Y6 8 2 50
Ve 13 2Vva 57
Y4e 14 3 76
% 16 5% 140
1 25 8 200
1% 28

FIG. 26 Design Details of Grips for Cleavage Test
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FIG. 27 Sample Data and Computation Sheet for Cleavage Test
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FIG. 28 Tension-Parallel-to-Grain Test Specimen
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FIG. 29 Tension-Parallel-to-Grain Test Assembly Showing Grips
and Use of 2 in. (50-mm) Gage Length Extensometer for
Measuring Deformation
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FIG. 31 Tension-Perpendicular-to-Grain Test Specimen
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FIG. 32 Tension-Perpendicular-to-Grain Test Assembly
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Note 1-—Two pieces included in one set:

One marked A.
One marked B.
Scale-Full Size

Metric Equivalents
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in. mm in. mm
Yie 1.6 2 50
Ve 3.2 2% 57
Y 13 2% 67
9% 16 3 76
% 22 41 114
1 25 5% 140
1% 29 7% 190
1% 38

FIG. 33 Design Details of Grips for Tension-Perpendicular-to-

Grain Test
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FIG. 35 Design Details of Grip for Nail Withdrawal Test
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FIG. 36 Nail Withdrawal Test Assembly Showing Specimen in
Position for Withdrawal of Nail Driven in One End of the
Specimen
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FIG. 39 Specific Gravity and Shrinkage-in-Volume Test Set-Up
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FIG. 41 Radial- and Tangential-Shrinkage Test Assembly

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Japanese Agricultural Standard for Glued laminated timber

Establishment: Notification No. 1152, september 25, 2007, Ministry of Agriculture, Forestry and Fisheries

Note: This is an unofficial translation, for your reference only.

(Scope of Application)
Article 1. This standard shall apply to any general timber that is made of sawn boards or small squares with
their grain direction roughly parallel to one another and glued together in the direction of thickness, width,
and length (here after referred to as “glued laminated timber” or “glulam™ for short).

(Definitions)

Article 2. In this standard, the terms given in the left column of the following table shall be defined as set
forth in the right column of the same table.

Term

Definition

Glued laminated
timber for fixtures

Within the glued laminated timber category (glulam), those with unfinished surfaces,
those with visible beautifully finished surfaces (including timbers that have
undergone secondary adhesion), or those glulams with grooves or other work on the
surface or with painted surfaces, which are mainly used for interior fixtures and
structures.

Decorative glued
laminated timber for
fixtures

Among glulams, those with unfinished surfaces veneered for good appearance
(including timbers underlaid with (at least one piece of) base board of less than 5
mm thick, to protect veneer, of which grain direction is parallel to that of the veneer,
underlaid with at least one piece of veneer not more than 2 mm thick with grain
direction perpendicular to that of the existing veneer or underlaid with at least one
piece of plywood at least 3 mm thick) or those glulam with grooves or other work on
the surface or with painted surfaces, which are mainly used for interior fixtures and
structures.

Structural glued
laminated timber

Among glulams, those made of graded sawn boards (including those glued and
machined widthwise and those glued and joined lengthwise using a scarf joint or
finger joint system) that are glued and laminated together so that their grain direction
can be parallel to one another (including those timbers that have undergone
secondary adhesion or with painted surfaces to protect against corrosion, etc.);
these members are prepared to ensure the required strength for load-bearing
members of structures (excluding decorative structural glued laminated timber
posts).

Decorative structural
lglued laminated
timber post

Among glulams, those that are not only made of graded sawn boards (including those
glued and machined widthwise and those glued and joined lengthwise using scarf
lioints or a finger joint system) that are glued and laminated together, but also
prepared with its unfinished surface veneered for good appearance (including those
type of timbers underlaid with (at least one piece of) base board no greater than 5
mm thick, to protect veneer, of which grain direction is parallel to that of the veneer,
underlaid with at least one piece of veneer (not more than 2 mm in thickness of
which grain direction is perpendicular to that of the existing veneer or underlaid with
at least one piece of plywood at least 3 mm thick), which are mainly used as columns
in the construction of traditional Japanese post and beam structures (limited to
members with a cross sectional side at least 90 mm but not more than 135 mm in

length).

Short side (Width)

The shorter side in the cross section of a glulam.

Long side (Depth)

The longer side of the cross section of a glulam. However, if the cross section is
square, this term refers to the side in the direction of lamination.

Length of timber

The length of the shortest line between a point on one butt end surface of a straight
glulam to a point on the other butt end surface of the glulam.

Finished timber

Within the glued laminated timber for fixtures category, those that have been
dimensionally finished by corrective cutting or surface machining.

Unfinished timber

Within the glued laminated timber for fixtures category, that has not been
dimensionally finished.

Secondary adhesion

Within the glued laminated timber for fixtures category, this term refers to secondary
gluing in the length—-wise direction using finger joints between different glulams; for
structural glued laminated timbers, this term refers to adhesions in the width
direction or in the direction of lamination between different glulams that have been
manufactured under identical conditions.

Lamina

This term refers to the material from which the glulam is composed or to one of its
layers.

Unevaluated width—
wise jointed lamina

Among laminae used for structural glued laminated timbers, laminae which is
rectangular in shape and joined in the widthwise direction with an adhesive not
specified in the “adhesion” section of Article 5 by Use Environment, or laminae that

are joined in the widthwise direction without an adhesive.

1
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Large dimension
glulam

Within the structural glued laminated timber category, one having a shorter side

(width) of not less than 15 ¢m in length and a cross—sectional area of at least 300

2
om

Medium dimension
glulam

Within the structural glued laminated timber category, one having a short side (width)
of at least 7.5 cm in length and a long side (depth) of at least 15 cm in length and
does not otherwise fit in the large dimension category.

Small dimension

Within the structural glued laminated timber category, one having a short side (width)

composition glued
laminated timber

lulam less than 7.5 cm in length and a long side (depth) of less than 15 cm in length.
Mixed—grade A structural glued laminated timber comprised of laminae of different grades. When

used for members requiring high flexural performance such as beams, the direction in
which bending stress is applied is perpendicular to the direction of lamination.

Same—grade
composition glued
laminated timber

A structural glued laminated timber in which laminae are of the same quality. When
composed of 2 or 3 laminae and used in an application requiring high flexural
performance such as beams, the direction in which the bending stress is applied is
parallel to the direction of lamination.

Symmetrical Within the mixed-grade composition glulam, symetrical members are those in which
composition the quality composition of laminae are positioned symmetrically about the central
axis
Specified Within the mixed—grade composition glulam, specified symmetrical members are
symmetrical those in which the quality composition of laminae are positioned symmetrically about
composition the central axis and their bending performance has been prioritized.
Non—symmetrical Within the mixed-grade composition glulam, non—symmetrical members are those in
composition which the guality composition of laminae are positioned asymmetrically about the

central axis.

Lamina of outermost
layer

Within members of mixed grade composition, the lamina located within the outermost
1/16 of the member depth from either surface in the directionof lamination.

Lamina of outer layer

Within members of mixed grade composition, laminae other than the aforementioned
outermost laminae used within a zone greater than 1/16 but less than 1/8 of the
member depth from either surface in the lamination direction.

Lamina of inner layer

Within members of mixed grade composition, lamina used within a zone greater than
1/4 the member depth from either surface in the lamination direction.

Lamina of middle
layer

Within members of mixed grade composition, one that is other than laminae of the
outermost layer, laminae of the outer layer, and laminae of the inner layer.

Grading machine

A device used for measuring the Youn_g' s modulus of a lamina.

MSR (Machine
Stress Rated)
grading

A process for grading laminae whereby a grading machine measures the Young's
moduolus of the laminae as it is transferred continuously along the production line in
the lengthwise direction, and the bending strength or tensile strength of said laminae
is verified to complete the grading process.

Machine stress
radin

Quality segregatin of laminae using a mechanical grading system other than MSR.

Visual stress grading

This grading shall be the classification of lamina quality using lamina visual

characteristics without using a grading machine.

Use Environment A

A use environment where the structural glued laminated timber's moisture content
will exceed 19% continuously or intermittently; come in direct contact with weather;
be exposed to high temperatures from the sun or other similar conditions for long
periods; be required to have high adhesion performance even in the event of
structural fires; and otherwise be required to have a high level of performance in use
environments where load-bearing members for structures must meet the demands
for water resistance, weather resistance, and heat resistance.

Use Environment B

A use environment where a structural glued laminated timber will occasionally exceed
19% moisture content; occasionally reach a high temperature by long—-term exposure
to solar heat or other similar conditions; be required to have the high adhesion
performance even in the event of structural fires; and otherwise be required to have
a standard level of performance in use environments where load-bearing members
for structures must meet the demands for water resistance, weather resistance, and
heat resistance.

Use Environment C

A use environment where a structural glued laminated timber will occasionally exceed
19% moisture content; occasionally reach a high temperature by long—-term exposure
to solar heat or other similar conditions; and otherwise be required to have a
standard level of performance in use environments where load-bearing members for
structures must meet the demands for water resistance, weather resistance, and
heat resistance.
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(Standards for Glued Laminated Timber for Fixtures)
Article 3. The stan

dards for glued laminated timbers for fixtures shall be as provided hereunder:

142

Categories

Standards

Grade 1 Grade 2

Quality

Bonding quality

Results of immersion delamination tests The same as left
specified in Item (1) in Section 3 of the
Appendix shall indicate that except for the
case of secondary adhesion, the
delamination rate for both butt ends’
surface is 10% or lower, and the sum of the
length of delamination that occurs in the
same glue line is not more than one-third
of the length of said glue line. In addition,
in the case of secondary adhesion, an
average delamination rate for the cut
surface shall be 10% or lower. Moreover,
when two test specimens are used, the
average delamination rate shall be the
average of the two test specimens. When
one test specimen is used, the
delamination rate of said test specimen is
the average delamination rate .

Moisture
content

The results of moisture content tests The same as left
specified in Item (5) of Section 3 of the
Appendix shall indicate that an average of
the moisture content of test specimens
taken from the same sample glulam is 15%

or less.

Formaldehyde
emission
amount

Regarding the formaldehyde emission test specified in Item (9) in Section 3 of the
Appendix, the average value and maximum value of formaldehyde emissions for the
sample glulams extracted according to Section 1 of the Appendix shall be less than or
equal to the values in the table below depending on the performance class. This shall
not apply, however, if a registered certification body or a registered foreign certification
body affirms that such sample laminated timber is made with an adhesive that contains
no formaldehyde.

Performance Class Average value Maximum wvalue
F¥r¥r ¥ 0. 3mg.~ L 0. 4mg.” L
[ 0. 5mg /L 0_7mg L
[RiR: 1. 5meg L 2. 1mg L
F¥S 3. Omg L 4. 2mg L

Surface Quality

Shall meet Grade 2 "Surface Quality
Criteria” set forth in the next section.

Shall meet Grade 1 “Surface Quality
Criteria” set forth in the next section.

Warping
(straight timber
only), bows and
twisting

Deviation from a straight line shall not The same as left.
exceed 1 mm per meter of length of the

glulam.

Painting (timber
with markings
indicating paint
Iprocessing
only)

Permitted if there are no evident blemishes |The same as left.

such as bubbles or irregular paint.

Grooving,
chamfering and
cutting works

Well worked. The same as left.

Secondary Any glued and joined portion between glulams in the length direction shall be of a finger

adhesion joint system and have enough strength to be used for fixtures. Additionally, the finish of
the adhesive shall be satisfactory and shall harmonize with the appearance of the
glulam.

Dimensions A difference between the marked and the measured dimensions shall be not exceed the

values listed in the table below.
(Unit: mm)

Difference between the marked and

Categories . N
measured dimensions

Shorter side and |Finished timber
3

+1. 0 —0.5




longer side |Unfinished timber +3. 0 —0
Length + not limited —0

Marking

Items to be
marked

1 The following items shall be marked in block..

(1) Product name

(2) Name of wood species

(3) Visible surface

(4) Dimensions

(5) Formaldehyde emission amount (except for a case where markings set forth in 2 or 3
are performed)

(6) Name of manufacturer or supplier { or importer for the imported products).

2 If the product is a coated timber and a registered certification body or registered
foreign certification body acknowledges that the product has neither formaldehyde—
containing adhesive nor formaldehyde—emitting paint, it may be marked that other than
those matters set forth in 1, the product uses non—formaldehyde—containing adhesive
and non—formaldehyde emitting paint.

3 If the product is not coated and a registered certification body or registered foreign
certification body acknowledges that the product has no formaldehyde—containing
adhesive and has non—formaldehyde emitting paint, it may be marked that, other than
those matters set forth in 1, the product uses non—formaldehyde adhesive.

Marking method

1.The items listed from (1) through (5) of the “Items to be marked” section shall be
marked as prescribed below:

(1) Product name

a. Markings for a finished timber product shall state, “Glued laminated timber for
fixtures”; markings for unfinished one shall state, “glued laminated timber for fixtures
(unfinished).”

b. Markings for a coated product shall state, “glued laminated timber for fixtures
(coated).”

¢. For those products made for specific uses, the descriptions of a “glued laminated
timber for fixtures,” “glued laminated timber for fixtures (coated),” or “glued laminated
timber for fixtures (unfinished)” shall be provided and followed by the specified use
given in commonly accepted terms in parenthesis, e.g., “(Handrail)".

(2) Name of wood species

The names of wood species shall be arranged in order of the amount used and shall be
indicated by the most common name.

(3) Visible surface grade

Visible surface grade 1, 2, 3, or 4, whichever is applicable, shall be indicated by letters,
numbers, etc.

(4) Dimensions

Dimensions shall be given in units of millimeters, centimeters, or meters following any of
the terms of “Short side,” “Long side,” and “Length of timber.” However, for products
which do not have a uniform cross—section through their full length or are molded and
thus are difficult to specify their short side or long side, any of these dimensions may
be left unmarked for straight timbers, and for other than straight timbers, the indication
of “Length of timber” may be left unmarked. In this case, the term of “Short side,”
“Long side,” or “Length of timber” shall be followed by the phrase of “Not applicable.”
(5) Formaldehyde emission amount

A product belonging to the performance class “Fy¥r¥ryryr,” “Fér¥er,” “F¥ %" or
“F¥rS" shall be marked as “F¥r¥r ¥ ¥%.,” “For¥&%.” “F¥¥%." or “F#S.”

2. According to (2) of the preceding section “Items to be marked,” if it is indicated that
the product uses a non—formaldehyde adhesive and/or non—formaldehyde emitting paint,
such product shall be marked as “Non—formaldehyde Adhesive and Non—formaldehyde
Emitting Paint Used.”

3. According to (3) of the preceding section, if it is indicated that the product uses a
non—formaldehyde adhesive, such product shall be marked as “Non—formaldehyde
Adhesive Used.”

4. The matters specified in the preceding section shall be marked as prescribed in the
Appendix, in a conspicuous place of each piece or unit of glulams.

Items
prohibited from
marking

The matters set forth below shall not be marked:

(1) Any term contradictory to the contents of the matter as specified in the preceding
section of “Items to be marked,” or

(2) Letters, pictures or other signs that may induce the misconception of the quality

2 The quality standards for visible surfaces set forth in the preceding section shall be as provided

Category

Criteria

Grade 1 | Grade 2
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Knots

1 Knots shall be less than 10 mm in the
maximum diameter.

2 Knot hole, rotten knot or loose knot shall
not be permitted.

1 Knots shall be less than 30 mm in the
maximum diameter

2 Knot holes, rotten knots or loose knots
shall not be permitted.

Resin pocket,
resin streak,
and bark

Permitted if very slight.

Permitted if slight.

Chips and flaws

Permitted if very slight.

Chips shall be 2 mm or less in thickness, 3
mm or less in width, 50 mm or less in
length. No more than one chip is
permitted.

Decay Not permitted. Permitted if the decay does not reach the
woody part or is not perceptible enough to
change the hardness of the wood and the
decayed area is minimum.

Splits Permitted if very slight. Permitted if slight.

Discoloration |Permitted if very slight. Permitted if not conspicuous.

and stains

Holes Permitted if very slight. Permitted if not conspicuous.

Rough grain Permitted if very slight. Permitted if not conspicuous.

(Chipped grain)

Open joints Permitted if very slight. Permitted if not conspicuous.

Repairs Permitted if the color or grain matches the |Permitted if the repaired area is flush with

surrounding surface well, and the repaired
area is flush with adjacent areas and is free
of loose particles or indentations.

adjacent areas and is free of loose
particles or indentations.

Other defects

Permitted if very slight.

Permitted if not conspicuous.

(Note) 1 Any knot or repaired area within a groove cut on the surface of a glulam shall not be deemed
as a defect unless it affects the appearance of the product.
2 The term “repair” shall refer to patching, plugging, or filling with synthetic resin, etc.
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(Standards for Decorative Glued Laminated Timber for Fixtures)
Article 4. The standards for decorative glued laminated timbers for fixtures shall be as provided hereunder:

Category

Criteria

Grade 1

Grade 2

Quality

Bonding quality

Results of the immersion delamination test
specified in Item (1) of Section 3 of the
Appendix shall indicate that the
delamination rate for both butt end
surfaces is 10% or lower, and the sum of
the length of delamination that occurs in a
single glue line is not more than one-third
of the length of said glue line.

The same as left

Moisture
content

The results of moisture content test
specified in Item (5) of Section 3 of the
Appendix shall indicate that the average
moisture content of the test specimens
taken from the same sample glulam is 15%
or lower.

The same as left

Resistance to
surface check

The results of tests for “Resistance to
Surface Check” specified in Item (6) of
Section 3 of the Appendix shall indicate
that no cracks occur on the surface of the
test specimen, or if cracks develop, they
are minimal.

The same as left

Formaldehyde
emission
amount

The same as specified in the table of
Section 1 “Formaldehyde emission
amount” of the preceding Article.

The same as left

Quality of
visible surfaces

Shall meet Grade 1 criteria noted in the
“Standards for the Quality of Visible
Surfaces” set forth in the next section.

Shall meet Grade 2 criteria noted in the
“Standards for the Quality of Visible
Surfaces” set forth in the next section.

Painting (timber
with markings
indicating paint
processing
only)

Permitted if there are no blemishes evident
such as bubbles or irregular paint.

The same as left

Warping
(straight timber
only), bow and
twist

The deviation from a straight line shall be
less than 1 mm per meter of length of the
glulam. However, for warping of door
headers and door sills, the deviation from a
straight line shall be less than 3 mm per
meter of length ofthe glulam.

The same as left

Grooving,
chamfering and
cutting works

Well worked.

The same as left

Thickness of 1. Shall be not less than 1.5 mm for door  |The same as left
decorative sills, stiles, and the top of a stair surface.
veneer 2. Shall be not less than 1.2 mm for posts.
3. For products other than door sills,
stiles, the top of a stair surface, and posts
decorative veneer shall be not less than 0.6
mm thick.
Dimensions A difference between the marked and the measured dimensions shall be not less than

the values listed in the table below.

(Unit: mm)

Categories Difference between the marked and measured
Short side and long side +1.0 —0.5
Length *+not limited -0
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Items to be
marked

1. The following items shall be marked in block.

(1) Product Name

(2) Name of wood species (core material)

(3) Name of wood species (decorative veneer)

(4) Thickness of decorative veneer

(5) Visible surface

(6) Dimensions

(7) Formaldehyde emission amount (except for cases where marking set forth in 2 or 3
is performed)

(8) Name of manufacturer or supplier { or importer for the imported products).

2. Shall be the same as (2) of the section “Matters to be marked” specified in the Table
in Section 1 of the preceding article.

3. Shall be the same as (3) of the section “Matters to be marked” specified in the Table
in Section 1 of the preceding article.

Marking

Marking method

1. The items listed from (1) through (7) of Section “Items to be marked” shall be
marked as prescribed below:

(1)Product Name

a “decorative glued laminated timber for fixtures” shall be indicated on the product:

b Markings coated timber products shall state “decorative glued laminated timber for
fixtures (coated)”;

¢ For those products made for specific uses, the descriptions “decorative glued
laminated timber for fixtures,” or “decorative glued laminated timber for fixtures
(coated)” shall be provided and followed by the specified use given in commonly
accepted terms in parenthesis, e.g., “(Horizontal Member)”.

(2) Name of wood species (core material)

The names of wood species shall be arranged in order of the amount used and shall be
given by the most common name.

(3) Name of wood species (decorative veneer)

The names of wood species shall be given by the most common name.

(4) Thickness of decorative surface veneer

The thickness of the surface veneer shall be given in millimeters to one decimal point.
(5) Visible surfaces grade

Visuble surface grade 1, 2, 3, or 4, whichever is applicable, shall be indicated by letters,
numbers, etc.

(6) Dimensions

Dimensions shall be given in units of millimeters, centimeters, or meters following any of
the terms of “Short side,” “Long side,” and “Length of timber.” However, for products
which do not have a uniform cross—section through their full length or are molded and
thus is difficult to indicate their short side or long side, any of these dimensions may be
left unmarked for straight timbers, and for other than straight timbers, the indication of
“Length of timber” may be left unmarked. In this case, the terms “Short side,” “Long
side,” or “Length of timber” shall be followed by the phrase “Not applicable.”

(7) Shall be the same as (1)-(5) of the section “Marking method” specified in the Table
in Section 1 of the preceding Article.

2. Shall be the same as (2) of the section “Marking method” specified in the Table in
the Section 1 of the preceding Article.

3. Shall be the same as (3) of the section “Marking method” specified in the Table in
the Section 1 of the preceding Article.

4. The matters specified in the section of “Items to be marked” shall be marked as
prescribed in the Appendix, in a conspicuous place on each piece or unit of glulams.

Items
prohibited from
marking

The same as the section “Items prohibited from marking” in Section 1 of the preceding
Article.

2. The guality st

andards for visible surfaces set forth in the preceding section shall be as provided

Criteria

Category

Grade 1 Grade 2

Knots

Not permitted. 1 Knots shall have maximum diameter of
30mm and shall not severely affect the
appearance of the product.

2 Knot holes, rotten knots or loose knots
are not permitted.
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Resin pocket,
resin streak,

and bark

Permitted if very slight.

Permitted if slight.

Chips and flaws

Mot permitted.

Chips shall be 2 mm or less in thickness, 3
mm or less in width, 50 mm or less in
length. No more than one chip is permitted.
Slight flaws may be permitted.

Decay Mot permitted. Permitted if the decay does not cause the
wood to reach a point of failure or is not
perceptible enough to change the hardness
of the wood, and the decayed area is

| Splits Not permitted. Permitted if slight.

Discoloration Permitted if very slight. Permitted if not conspicuous.

and stains

Holes Not permitted. Permitted if the hole diameter(s) do not
exceed 2mm in combination.

Rough grain Mot permitted. Permitted if slight.

(Chipped grain)

Blister, wrinkle
and overlap

Not permitted.

Permitted if very slight.

Open joints of
veneer

Mot permitted.

Permitted up to a gap width of 0.3 mm.

Inconformity of
color and grain

Permitted if the colors and the grain
directions of the visible surface roughly
harmonize with one another.

The same as left.

Repair

Permitted if the repaired area is small, the
color or grain is well matched with the
surrounding surface, and the repaired area
is flush with adjoining areas and is free of
loose particles or indentations.

Permitted if the color or grain matches well
with the surrounding surface, and the
repaired area is free of loose particles or
indentations.

QOther defects

Permitted if very slight.

Permitted if not conspicuous.

(Note) Shall be the same as (Note) set forth in the “quality standards for visible surfaces” of the
preceding section “Standard for Glued Laminated Timber for Fixtures.”
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(Standards for Structural Glued Laminated Timber)
Article 5. The standards for structural glued laminated timbers shall be as provided hereunder:

148

Category Criteria
Bonding quality [ The entire adhesion layer (glue line area) shall be uniformly glued and meet the
(for laminae requirements specified in the following Items of (1), (2),and (4), or Items (3) and (4).
glued in the (1) Results of immersion delamination tests specified in Item (1) of Section 3 of
width direction, | Appendix shall indicate that the delamination rate for both butt end surfaces is 5% or
excluding lower, and the sum of the length of delamination that occurs in the same glue line is not

instances when
bonding quality
of the resin has

more than one fourth of the length of said glue lline.
(2) Results of boiling water delamination tests specified in Item (2) of Section 3 of the

2] Appendix shall indicate that the delamination rate for both butt end surfaces is 5% or
E not been lower, and the sum of the length of delamination that occurs in the same glue line is not
olevaluated) more than one fourth of the length of said gluline.
'§ (3) The results of the vacuum—pressure delamination test specified in [tem (3) of
2 Section 3 of the Appendix shall indicate that the delamination rate for both butt end
a surfaces is 5% or lower, and the sum of the length of delamination that occurs in the
same glue line is not more than one fourth of the length of said glue line.
(4) Results of the block shear test specified in Item (4) of Section 3 of the Appendix
shall indicate that both the shear strength and the wood failure rate meet or exceed the
values listed in the table below. However, if either the shear strength or the wood failure
rate for a test piece equals or exceeds the values in the table below, but the other
parameter does not, the test may be performed again on the glue line in question.
Wood
species Shear Wood failure
) strength X
group Wood species group (MPa or N ration
number 2 (%)
Z mm©)
Itayakaede (Acer mono), Birch (Betula
i maximowicziana), Beech (Fagus crenata), 96
White oak (Quercus crispula), Keyaki (Zelkova :
serrata), Apiton (Dipterocarpus spp.) 60
9 Tamo (Fraxinus mandshrica), Shioji (Fraxinus 8.4
apaethiana), Nire (Ulmus davidiana) :
Hinoki (Chamaecyparis obtusa), Hiba
(Thujopsis dolabrata), Karamatsu (Larix
leptolepis), Akamatsu (Pinus densiflora),
3 Kuromatsu (Pinus Thunbergii), Beihi 72
(Chamaecyparis lawsoniana), Dafurika ’
karamatsu (Larix gmelini), Southern pine
(Pinus spp.), Beimatsu (Pseudotsuga), Wihite
cypress pine (Callitris glauca)
Tsuga (Tsuga sieboldii), Alaskan yellow cedar
4 (Chamaecyparis nootkatensis), Radiata pine 6.6 65
(Pinus radiata), Western Hemlock (Tsuga :
heterophilla) _ _
|Momi (Abies Firma), Todomatsu (Abies
sachalinensis), Ezomatsu (Picea jezoensis),
True firs (Abies spp.), Spruce (Picea spp.),
5 |Lodgepole pine (Pinus contorta), Ponderosa 6.0
pine (Pinus ponderosa), Scotch pine (Pinus
sylvestris), Jack pine (Pinus banksiana),
Lauan (Parashorea, Pentacme, Shorea spp.)
Sugi (Criptomeria japonica), Western red
6 cedar (Thuja plicata) 5.4 70
Moisture The results of the moisture content test specified in Item (5) of Section 3 of the
content Appendix shall indicate that an average of the moisture content of test specimens taken
from the same sample glulam is 15% or less.
Bending The results of bending test A specified in (a) of Item (7) of Section 3 of the Appendix
performance shall indicate that the requirements set forth in (1) through (3) below are satisfied.




(only for those
marked as
“Bending Test
was
Conducted”)

(1) The average Young' s modulus of bending valuefor sample glulams, test specimens or
model specimens taken from one lot according to Section 1 of the Appendix shall be not
less than the value listed in the “Average value” column of Table 1 that corresponds to
one of the grades (which corresponds to the grade of the glulam tested) listed in the
£ ”

Strength grade  column of the same table.

(2) Not less than 95% of the “Young' s modulus of bending” values for sample glulams,
test specimens or model specimens taken from one lot according to Section 1 of the
Appendix shall be less than the value listed in the “Minimum value” column of Table 1
that corresponds to one of the grades (which corresponds to the grade of the glulam
tested) listed in the “Strength grade” column of the same table.

(3) Not less than 95% of the “Bending strength” values for sample glulams, test
specimens or model specimens taken from one lot according to Section 1 of the
Appendix shall be less than the value obtained by multiplying the value listed in the
“Bending strength” column of Table 1 that corresponds to one of the grades (which
corresponds to the grade of the glulam tested) listed in the “Strength grade” column of
the same table (for test specimens from the compression side of a mixed-grade
composition non—symmetrical glulam, the corresponding value listed in Table 2), by the
coefficient listed in the right column of Table 3 (for mixed—grade composition glued
laminated timbers) or Table 4 (for same—grade composition glued laminated timbers)
that corresponds to an applicable class listed in the same table.

Table 1
Num Young’ s modulus of ]
ber bendin Btendlnﬁ
of Strength grade Average Minimum (:’n;,e: gt N
laye value value 2
re Zmm©)
Mixed—grade E170—F495 17.0 14.0 495
composition E150—F435 15.0 125 435
glulam E135—F375 13.5 11.5 375
(symmetrical E120—F330 12.0 10.0 33.0
composition) E105—F300 10.5 9.0 30.0
E 95—F270 9.5 8.0 270
E 85—F255 85 7.0 255
E 75—F240 15 6.5 240
E 65—F225 6.5 55 225
E 65—F220 6.5 556 220
E 55—F200 5.5 4.5 20.0
Specified 4 or] ME120—F330 12.0 10.0 33.0
mixed-grade | mor] ME105—F300 10.5 9.0 30.0
composition | e ME 95—F270 9.5 8.0 27.0
[ glulam laye] ME 85—F255 8.5 7.0 25.5
Mixed—grade E160—F480 16.0 135 48.0
composition E140—F420 14.0 115 420
glulam (non— E125—F360 12.5 105 36.0
symmetrical E110—F315 11.0 9.0 315
composition) E100—F285 10.0 8.5 28.5
E 90—F255 9.0 15 255
E 80—F240 8.0 6.5 240
E 70—F225 70 6.0 225
E 60—F210 6.0 5.0 21.0
E 60—F205 6.0 5.0 20.5
E 50—F170 5.0 4.5 17.0
Same-grade |4 or E190—F615 19.0 16.0 61.5
composition | mor E190—F615 17.0 14.0 54.0
glulam e E150—F465 15.0 125 46.5
laye E135—F405 13.5 11.5 40.5
rs E120—F375 12.0 10.0 375
E105—F345 10.5 9.0 345
E 95—F315 95 8.0 315
E 85—F300 85 70 30.0
E 75—F270 15 6.5 270
E 65—F255 6.5 5.5 25.5
E 55—F225 5.5 4.5 22.5
3 E190—F555 19.0 16.0 55.5
laye E170—F495 17.0 14.0 495
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rs E150—F435 15.0 125 435
E135—F375 13.5 115 375
E120—F330 120 10.0 33.0
E105—F300 10.5 9.0 30.0
E 95—F285 9.5 8.0 285
E 85—F270 85 70 27.0
E 75—F255 15 6.5 255
E 65—F240 6.5 55 240
E 65—F225 5.5 4.5 22.5
2 E190—F510 19.0 16.0 51.0
laye E170—F450 17.0 14.0 450
rs E150—F390 15.0 125 39.0
E135—F345 13.5 115 345
E120—F300 120 10.0 30.0
E105—F285 10.5 9.0 285
E 95—F270 9.5 8.0 27.0
E 85—F255 85 70 255
E 75—F240 15 6.5 240
E 65—F225 6.5 55 225
E 65—F200 5.5 4.5 20.0
Table 2
Strength grade Bending strength (MPa or N/mm2)
Mixed—grade E160—F480 34.5
composition E140—F420 285
glulam (non- E125—F360 25.5
symmetrical) E110—F315 240
E100—F285 225
E 90—F255 21.0
E 80—F240 19.5
E 70—F225 18.0
E 60—F210 16.5
E 60—F205 16.0
E 50—F170 14.0
Table 3
The depth of the glulam, test specimen or model Coefficient
specimen of mixed—grade composition glulam (mm)
Up to 100 1.13
More than 100 Up to 150 1.08
More than 150 Up to 200 1.05
More than 200 Up te 2850 1.02
More than 250 Up to 300 1.00
More than 300 Up to 450 0.96
More than 450 Up to 600 0.93
More than 600 Up to 750 0.91
More than 750 Up to 900 0.89
More than 900 Up to 1050 0.87
More than 1050 Up to 1200 0.86
More than 1200 Up to 1350 0.85
More than 1350 Up to 1500 0.84
More than 1500 Up to 1650 0.83
More than 1650 Up to 1800 0.82
More than 1800 0.80
Table 4
The depth of the sample glulam, test specimen or Coefficient
model specimen of same—grade composition glulam
(mm)
100LLF 1.00
1008 150LLF 0.96
150#8 200LLF 0.93
2008 250LLF 0.90
25048 300LLTF 0.89
300 0.85
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Formaldehyde
emission
amount (only
for those
marked with a
formaldehyde
emission
amount)

Regarding the resuls of the formaldehyde emission test specified in Item (9) of Section
3 of the Appendix, the average value and maximum value of formaldehyde emissions of
the sample glulams collected according to Section 1 of the Appendix shall be less than
or equal to the following values listed by emission category.

Category Indicated Average value Maximum value
Q;se marked with Fyrir 0. 3ma/L 0. 4mg/L
'gmse marked with Fyrir 0. 5me/L 0. 7me/L
Those marked with F¥r¥¢ 1. S5mg L 2 1mg L
Those marked with F¥%S 3. Omg L 4. 2mg L

Lamina quality
(excluding
those with an
indication that
bending
performance
tests have
been
performed)

Shall meet the “Standards for Lamina Quality” set forth in the next section.

Lamina lay—up
quality

Shall conform to the quality criteria for lamina lay—up specified in Section 3.

Number of 1. Shall be 4 lamina or more for a mixed—grade composition glulam.

lamina 2. Shall be 2 lamina or more for a same-grade composition glulam.

Quality of Shall conform to member surface quality criteria for Type 1, 2 or 3 set forth in Section
surface 4.

Painting finish |Blisters and other blemises shall be indistinguishable.

(limited to

those marked

“Painted”)

Warping The deviation from a straight line shall not exceed 1 mm per meter of length of the
(straight structural glulam.

timbers only)

Bows and
twisting

Bows and twisting

Minimum radius
of curvature of
curved member

Shall meet the "Standards for the Minimum Radius of Curvature of the Curved Part”
set forth in Section 5.

(excluding

straight

Spacing of end |Shall meet the “Standards for the spacing between the Longitudinal Joints of Adjacent
joints in Laminae” set forth in Section 6.

adjacent

laminae (limited
to members
having jointed
lamina in
adjacent layers)

Quality of edge
ljoined lamina

With the exception of non—glued edge joined lamina, edge glued lamina shall meet the
requirements set forth in the “Bonding quality” section.

Location where
unevaluated
edge joined
lamina are used

This provision shall be only applicable to lamina in the inner layer and middle layer of
mixed composition glulam (limited to large dimension glulams), where it is apparent load
is applied in the direction of lamination . Edge joined lamina shall be limited to one for
each lamina. Edge joint gaps shall be limited to 6 mm. In addition, if edge joined lamina
are in adjacent layers, the edge joints shall be spaced a minimum distance equal to the
thickness of the lamina.

Finishing of
secondary glue
lines

Members of the same type my be glued together in a secondary process if the same
conditions used during the manufacture process are followed. The finish of the
secondary glue line shall have a good appearance and the appearanceof the joined
glulam shall compliment each other.

12
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Thickness of 1. A lamina shall be not more than 5 em in thickness, in principle, have a uniform

lamina thickness, and be symmetric around the central axis thereof after finishing processes
are completed. However, for a glulam of which strength has been checked by simulation
calculations associated with an actual-size strength test or a validity test for the
glulam, the thickness shall be not more than 6 cm.

2. The thickness of a lamina for outermost layer after the finishing processes are
completed shall be not less than 80% of the thickness of a lamina for other layers with a
uniform thickness. However, for a same—grade composition glulam and a mixed—grade
composition glulam of which strength has been checked by simulation calculations
associated with an actual-size strength test or a validity test for the glulam, the
thickness may be more than or equal to two—thirds of the thickness of the thickest
lamina in the composition layer.

Adhesives 1. An adhesive with markings of “Use Environment A" shall be any of the resins below
that can satisfy the required performance as defined in Article 2 or shall have a
performance equivalent to or higher than that of these resins.

(1) Adhesives used for gluing or secondary gluing in the lamination direction or the width
direction:
Resorcinol resins and resorcinol phenol resins
(2) Adhesives used for gluing finger joints or scarf joints:
Resorcinol resins, resorcinol phenol resins, and melamine resins
2. An adhesive with markings of “Use Environment B” shall be any of the resins below
that can satisfy the required performance as defined in Article 2 or shall have a
performance equivalent to or higher than that of these resins.
(1) Adhesives used for gluing or secondary gluing in the lamination direction or the width
direction:
Resorcinol resins and resorcinol phenol resins
(2) Adhesives used for gluing finger joints or scarf joints:
Resorcinol resins, resorcinol phenol resins, and melamine resins
3. An adhesive with markings of “Use Environment C” shall be any of the resins below
that
can satisfy the required
performance as defined in Article 2 or shall have a performance equivalent to or higher
than
that of these resins.
(1) Adhesives used for gluing or secondary gluing in the lamination direction or
the width direction:
Resorcinol resins, resorcinol phenol resins, and water—based polymer—isocyanate resins
(shall be those that satisfy the performance of “Class 1, No.1” set forth in Japanese
Industrial
Standards (hereinafter referred to as “JIS") K 6806. The same shall apply hereunder.)
(2) Adhesives used for gluing finger joints or scarf joints:
Resorcinol resins, resorcinol phenol resins, water based polymer—isocyanate resins,
melamine resins, and melamine—urea copoly—condensation resins

Dimensions The difference between the marked and measured dimensions shall be not more than

the value specified in the table below.

Categories Difference between the marked and measured

ShorlLarge dimension +1. 5mm
ter IMedium dimension

side |and small dimension +1. Smm —0. Smm
Lon |Large dimension +1. 5%(Less than=* 5 mm)
ger [Mediu Not more
side m Lthan 300 mm +1.5mm —0. 5mm
dimensi
on and More than
small +0. 5%(Less than +5.0 mm, =3.0 mm)
. 300 mm
dimensi

+5mm
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Marking

[tems to be
marked

1. The following items shall be marked in block.

(1) Product name

(2) Strength grade

(3) Surface quality

(4) Bonding performance

(5) Species name

(6) Dimensions

(7) Number of lamina’ s layers (limited to members with veneer fihish)

(8) Inspection method (only for those which undergo “bending test A” specified in (a) of
Item (7) of Section 3 of the Appendix)

(9) Name of manufacturer or supplier ( or importer for the imported products).

2. Except for posts or other applications that require high compressive strengths, not
only items set forth in provision 1 above the application method shall be indicated.

3. Where edge jointed lamina are used, not only items set forth in provisions 1 and 2
above but also the zone within the glulam where edge joined lamina are used shall be
indicated.

4. For a glulam with markings of its formaldehyde emission amount, not only items set
forth in the above provisions 1 through to 3 but also marking signs for formaldehyde
emission amount shall be collectively indicated.

5. A glulam of which strength has been checked by simulation calculations associated
with an actual-size strength test or a validity test, as specified in 5 of (Note) of the
table in Item (1)-b. of Paragraph 3. of the “Thickness of lamina” section or in 1 of
(Note) of the table in Item (2)-b. of the same section, and in 5 of (Note) of the table in
Item (3)-b. of the same section, shall have markings of not only items set forth in the
above provisions 1 through to 4 but also an indication that simulation calculations have
been performed along with actual-size strength tests or verification tests.

6. A glulam of which strength has been checked by a proof loader, as specified in (Note)
of the table of Section 6, shall have markings of not only items set forth in the above
provisions 1 through to 5 but also an indication that the strength checks have been
implemented by a proof loader.

7. A coated glulam, if a registered certification body or a registered foreign certification
body affirms that such glulam does not contain formaldehyde—containing adhesives nor
formaldehyde emitting paints, shall have markings of not only items set forth in the
above provisions 1 through to 6 but also an indication that non—formaldehyde adhesives
and non—formaldehyde emitting paints are contained.

8. A uncoated glulam, if a registered certification body or a registered foreign
certification body affirms that such glulam does not contain formaldehyde—containing
adhesives nor formaldehyde emitting paints, shall have markings of not only items set
forth in the above provisions 1 through to 6 but also an indication that non—
formaldehyde adhesives are contained.
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Marking method|1. The items listed from (1) through (8) of the “Items to be marked” section shall be

marked as prescribed below:

(1) Product name

a. Markings for a mixed—grade composition glulam with a symmetrical composition
(hereinafter referred to as “mixed—grade composition glulam (symmetrical)”) shall state
“mixed—grade composition glulam (symmetrical composition)” and, among such glulams,
for those with a specified symmetrical composition, markings for the glulam shall state
“mixed-grade composition glulam (specified symmetrical composition). “Among mixed—-
grade composition glulams, for those with a non-symmetrical composition (hereinafter
referred to as “mixed—grade composition glulam (non—symmetrical)”), markings shall
state “mixed-grade composition glulam (non-symmetrical composition).” Markings for a
same—grade composition glulam shall state “same—grade composition glulam.”

b. Markings for a large dimension glulam, a medium dimension glulam, and a small
dimension glulam shall state “Large Cross—section,” “Medium Cross—section,” and
“Small Cross—section,” respectively.

c. For those intended to be used for the specific part of a structure, the description of
such part of the structure shall be given in commonly accepted terms in parenthesis,
e.g., “(roof truss),” “(beam),” and “(post).”

(2) Strength Grade

Markings shall state any of the strength grades set forth in the Appended Table.

(3) Quality of Surface
Markings shall state “Type 1,
(4) Bonding Performance
Markings shall state “Use Environment A,” “Use Environment B,” or “UseEnvironment
c.”

(5) Name of Wood Species

The name of wood species shall be given by the most common name. However, if
multiple wood species have been used, markings shall state “name of wood pecies”
(outermost layer), “name of wood species” (outer layer), “name of wood species”
(middle layer), and “name of wood species” (inner layer). In addition, if the same wood
species is found in various layers, markings shall state such relevant layers collectively.
(6) Dimensions

Dimensions shall be given in units of millimeters’, centimeters, or meters following any of
the terms of “Shorter side,” “Longer side,” and “Length of timber” (for other than
straight timbers, such terms shall be limited to “Shorter side” and “Longer side”).

(7) Number of Lamina Layers

Marking shall state the number of lamina layers.

(8) Inspection Method

For those that undergo the “bending test A" specified in (a) of Item (7) of Section 3 of

" o

Type 2,” or “Type 3.”
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the Appendix, markings shall indicate that bending strength tests have been performed.
2. According to (2) of the "Items to be marked” section, if the direction of use is
marked, markings shall be given in a conspicuous place on the upper surface (shall refer
to a surface to which loads are applied. (The same shall apply hereunder.), which
indicate that such a surface is the top surface.

3. According to (3) of the “Items to be marked” section, if unevaluated widthwise
jointed lamina is used, indications shall be given following the matters of “Name of the
product” that include “(Unevaluated edge jointed lamina used: middle layer),”
“(Unevaluated edge jointed lamina used: inner layer),” or “(Unevaluated edge jointed
lamina is used: middle/inner layer).” In addition, markings shall be in accordance with (2)
of the Matters to be marked” section.

4. According to (4) “Items to be marked”, if any of the signs for indicating formaldehyde
emission levels are marked, said indications shall be as specified in the following
provisions (1) through (4):

(1) Mark as “F¥r¥r ¥r3r” (limited to instances when the formaldehyde emission level is
indicated) when the results of the formaldehyde emission test, specified in Item (9) of
Section 3 of the Appendix, indicate that formaldehyde emission amount corresponds to
the criteria listed in the column for F¥r ¥r¥r¥r.

(2) Mark as "F¥r ¥ %" (limited to instances when the formaldehyde emission level is
indicated) when the results of the formaldehyde emission test, specified in Item (9) of
Section 3 of the Appendix, indicate that formaldehyde emission amount corresponds to
the criteria listed in the column for Frr .

(3) Mark as “F¥r#” (limited to instances when the formaldehyde emission level is
indicated) when the results of the formaldehyde emission test, specified in Item (9) of
Section 3 of the Appendix, indicate that formaldehyde emission amount corresponds to
the criteria listed in the column for Fyr¥r.

(4) Mark as “F¥rS” (limited to instances when the formaldehyde emission level is
indicated) when the results of the formaldehyde emission test, specified in Item (9) of
Section 3 of the Appendix, indicate that formaldehyde emission amount corresponds to
the criteria listed in the column for F¥S.

5. According to (5) of the “Items to be marked” section, a glulam whose strength has
been checked by simulation calculations associated with full scale strength

test or a validity test shall have markings indicating “Strength has been checked by
simulation calculations along with full scale bending tests” when full scale bending tests
have been performed, “Strength has been checked by simulation calculations along with
verification tests” when verification tests have been performed, or “Strength has been
checked by full scale bending tests” when there is no need of simulation calculations
along with verification tests.

6. According to (6) of the “Items to be marked” section, if a glulam needs an indication
that the strength has been checked by a proof loader, said glulam shall

have markings indicating “The strength checks have been conducted by a proof
loader.”

7. When as specified in item (7) of the “Items to be marked” section, a painted member
is made using resins that do not contain formaldehyde and the paint does not emit
formaldehyde, it shouold be marked as “Formaldehyde Free Adhesive and Non-
formaldehyde Emitting Paint Used”.

8. When trademarking to the effect that adhesives containing no formaldehyde have
been used is to be indicted as noted under item (8) of the “Items to be marked”
section, “Formadehyde—Free Adhesives Used” shall be indicated.

9. The matters specified in (1) of the “Items to be marked” section shall be marked as
prescribed in the Appendix, in a conspicuous place of each piece or unit of glulams.

Items
prohibited from
marking

The same as the section “Items prohibited from marking” in Section 1 of Article 3.

2. The quality standards for laminae set forth in the preceding section shall be as provided hereunder:
(1) Visually Rated Lamina
(a) Standards for Lamina Quality

Category

Criteria

Grade 1 ] Grade 2 ] Grade 3 ] Grade 4
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Strength
performance
(only for lamina
for outer layer
of symmetrical
mixed—grade
composition
glulam, for
lamina for outer
layer of tensile

1. Laminae without end joints

For a sample lamina taken from one lot according to Section 1 of
the Appendix, the results of bending test B specified in (b) of
Item (7) of Section 3 of the Appendix shall meet the requirements
set forth in (1) and (2) below:

(1) The average value of Young’ s modulus of bending for the
sampled laminae shall be not less than the value listed in the
“Average value” column in table (b).

(2) Not less than 95% of the “Young' s modulus of bending”
values for the sampled laminae shall be not less than the value

side of non- listed in the “Minimum value” column of table (b).
symmetrical 2. Laminae with end joints
mixed grade For a sampled lamina taken from one lot according to Section 1
composition of the Appendix, the results of bending test C specified in (c¢) of
glulam and for |Item (7) of Section 3 of the Appendix or the results of the tensile
lamina for test specified in Item (8) of the same section of the Appendix
same—grade shall meet either requirements set forth in (1) and (2) below or
composition those set forth in (3) and (4) below:
glulam) (1) The average value of bending strength for test specimens
shall be more than or equal to the value set forth in the “Average
value” column of table (b).
(2) The bending strengths of not less than 95% of the test
specimens shall be more than or equal to the value set forth in
the “Minimum value” column of table (b).
(3) The average tensile strength value for test specimens shall be
more than or equal to the value obtained by multiplying the value
in the “Average value” column of table (b), by the coefficient
found in the left column of table (c) corresponding to the width
category of the test specimen noted in the right column of the
same table.
(4) The tensile strengths of not less than 95% of the test
specimens shall be more than or equal to the value obtained by
multiplying the value listed in the “Minimum value” column of
table (b), by the coefficient listed in the left column of table (c)
corresponding to the width category of the test specimens noted
in the right column of the same table.
Knot]Group Permitted up to 20%. |Permitted up to 30%. |Permitted up to 40%. |Permitted up to 50%.
s knot
and |diameter
hole |ratio
s (CKDR)
Edge Knot]Permitted up to 17%. |Permitted up to 25%. [Permitted up to 33%. JPermitted up to 50%.
diameter
ratio

Slope of Grain

Permitted up to
1/12.

Permitted up to
1/14.

Permitted up to
1/16.

Permitted up to 1/8.

Decay MNot permitted. The same as left. The same as left. The same as left.
Splits / Permitted if it is very|The same as left. The same as left. Permitted if its width
Checking minimal and not is very narrow and its

conspicuous.

length is not more
than 50mm.

Discoloration

Permitted if not The same as left. The same as left.

conspicuous.

The same as left.

Raised grain

Permitted if not The same as left. The same as left.

conspicuous.

The same as left.
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Mean width of
annual rings
(limited to
Radiata pine)

Permitted up to 6
mm.

The same as left.

Less than
a width of

Cen |19cm

ter
core

Annual ring shall not
be within a 50 mm
radius of the center
pith.

The same as left.

The same as left.

Permitted if the
length of pith in
thickness surface is
not more than 1/4 of
the lamina length.

or  lwidth of
pith 19¢m or
FHad greater
iata
pine
only

One third of the
width measured from
the lamina edge shall
not contain annual
rings whose curve
radius are within
50mm of the pith.

The same as left.

The same as left.

Permitted if the
length of pith in
thickness surface is
not more than 1/4 of
the lamina length.

Other defects

Permitted if very
slight.

The same as left.

The same as left.

Permitted if slight.

(Note) 1 “The group knot diameter ratio” represents the sum of the knot and/or hole diameters present
in any 15 em section, measured along the length of the lamina, taken as a percentage of the lamina

cross—sectional area.
2 “Slope of grain” is the ratio of the variance of the slope of the grain from a stright line parallel to the
side of the lamina measured over a given distance.
3 A knot is considered to be an “edge knot” if it lies within 10mm of the edge of the lamina (5mm if the

lamina has been

dried and planed).

4 Measurement of a center core shall be based on the method shown in the table below and performed
by: using a clear plastic plate on which semicircles of known radii from 50 mm to 100 mm at 5 mm
intervals are drawn (hereinafter referred to as a “measuring tool”), exactly overlaying the 50 mm radius
curve of the measuring tool over the annual rings closest to the pith on the butt end surface and
comparing annual ring boundaries within the area between the 50-mm-radius curve and the 100-mm-
radius curve of the measuring tool.
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{_b Lamina strength performance standard
Visual grade category lamina
; Upper: Young' s modulus of bending (GPa or
. 103N~ mm2) , )
. Middle: Bending strength MPa or N. mm2
T Wood species Lower: Tensile strength (MPa or N./ mm2)
e Grade 1 Grade 2 Grade 3
s Averag |Minimu JAverag [Minimu |Averag [Minimu
e value |m e value |m e value |m
Apiton (Dipterocarpus spp.) 16.0 13.0 14.0 115 125 105
A 63.0 475 54.0 40.5 48.5 36.5
37.5 28.0 32.0 24.0 28.5 21.5
Itayakaede (Acer mono),Birch (Betula 14.0 15 125 105 1.0 95
maximowicziana),Beech (Fagus crenata) White oak
Bl(Quercus crispula) Keyaki (Zelkova serrata),Dafurika| 54.0 405 485 36.5 45.0 34.0
|karamatsu (Larix gmelini),Southern pine (Pinus
spp.),Beimatsu (Pseudotsuga) 320 | 240 | 285 | 215 26.5 | 200
Hinoki (Chamaecyparis obtusa),Hiba (Thujopsis 125 | 105 11.0 95 10.0 35
dolabrata),Karamatsu (Larix leptolepis),Akamatsu
c {Pinus densiflora) Kuromatsu (Pinus Thunbergii),Port 485 | 365 | 450 [ 340 | 420 315
Orford cedar (Chamaecyparis lawsoniana) 285 215 26.5 200 245 185
Tsuga (Tsuga sieboldii), Tamo (Fraxinus 1.0 95 10.0 85 9.0 75
mandshrica),Shioji (Fraxinus apaethiana) Nire (Ulmus
D|davidiana),Alaskan yellow cedar (Chamaecyparis 450 | 340 | 420 | 315 | 390 | 295
nootkatensis),Radiata pine (Pinus radiata), Western
hemlock (Tsuga heterophilla) 265 | 200 | 245 18.5 23.9 17.5
Momi (Abies Firma), Todomatsu (Abies
sachalinensis),Ezomatsu (Picea jezoensis), True firs | 10.0 8.5 8.0 1.5 8.0 6.5
(Abies spp.),Spruce (Picea spp.),Lodgepole pine
g |(Pinus contota) Benimatsu (Pinus 420 | 315 | 300 | 295 | 360 | 270
koraiensis),Ponderosa pine (Pinus
ponderosa),Scotch pine (Pinus sylvestris),Jack pine
(Pinus banksiana),Lauan (Parashorea, Pentacme, 245 18.5 235 17.5 215 16.0
Shorea spp.)
Sugi (Criptomeria japonica), Western red cedar 9.0 1.5 8.0 6.5 7.0 6.0
F |(Thuja plicata) White cypress pine (Callitris glauca) 39.0 295 36.0 270 33.0 25.0
23.5 17.5 21.5 16.0 20.0 15.0
(c) Coefficient
Length of test piece in the widthwise direction (mm) Coefficient
Up to 150 1.00
More than 150 Up to 200 0.95
More than 200 Up to 250 0.90
More than 250 0.85
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(2) Laminae Rated by the Grading Machine
(a) Quality Standards for laminae

Category

Criteria

Strength
performance

(MSR lamina)

1. “Young' s modulus of bending” values for MSR laminae shall be not less than the
corresponding value in the middle column of table (b), corresponding to the respective
mechanical grade noted in the left-hand column of the same table.

2. Lamina used in the outermost layer or the outer layer of mixed—grade composition
glulam (symmetrical) or lamina for the outermost layer or outer layer on the tensile side
of mixed—grade composition glulam (non—-symmetrical), and lamina taken from one lot of
same—grade composition glulam according to Section 1 of the Appendix, the results of
bending test C specified in (¢) of Item (7) of Section 3 in the Appendix or the results of
tensile test specified in Item (8) of the same section in the Appendix shall satisfy the
criteria for bending strength or tensile strength listed in the right—hand column
corresponding to the lamina machine grade listed in the left—hand column of Table b as
described below:

(1) The average value of bending strengths for test specimens shall be more than or
equal to the value noted in the corresponding column of table (b).

(2) The bending strengths of at least 95% of test specimens shall be more than or equal
to the minimum value noted in table (b).

(3) The average tensile strength value for test specimens shall be more than or equal to
the value obtained by multiplying the value listed in the column for average values in
Table (b) by the coefficient listed in the right-hand column of Table (C) that
corresponds to the lamina width category in the left—hand column of the same table.
(4) The tensile strength values of at least 95% of test specimens shall be more than or
equal to the minimum tensile strength value obtained by multiplying the value listed in
the column for minimum values in Table b by the coefficient listed in the right—hand
column of Table (C) that corresponds to the lamina width category in the left-hand
column of the same table.

3. MSR lamina in this section shall have undergone inspections at regular intervals not
only to verify the average value of Young' s modulus satisfies the standard value, but
also to verify the bending strength or tensile strength corresponding to the low point
Young' s modulus in the length direction is more than or equal to the standard strength
or tensile value.

(Lamina rated by the grading machine)

4, Shall be the same as the provision 1.

5. For a lamina for the outermost layer or the outer layer of mixed—grade composition
glulam (symmetrical), a lamina for the outermost layer of the tensile side or the outer
layer of mixed-grade composition glulam (hon—-symmetrical), and laminae glued together
in the length direction of same—grade composition glulam according to Section 1 of the
Appendix shall meet not only the standards set forth in Section 1 of the Appendix but
also standards for a sample lamina taken from one lot according to Section1 of the
Appendix, which are set forth in Section 2 of the Appendix.

Decay

Not permitted.

Splits /
checking

Permitted if it is very minimal and not conspicuous.

Discoloration

Permitted if not conspicuous.

Raised grain
Quality of both

ends of
material (MSR
grade only)

Permitted if not conspicuous.

The equivalent group knot diameter ratio of knots and holes that are present on the
lamina ends where measurement by machine is not possible, shall not be larger than the
equivalent diameter ratio in the center section of the lamina (where measuremnt by the
grading machine was conducted), or the corresponding end of piece group knot ratio
shall satisfy the criteria listed in the right—hand column of the table below.

Lamina for outermost laver and outer layer of 17%
mixed—grade composition glulam

Lamina for middle layer of mixed—grade 25%
composition glulam

Lamina for inner layers of mixed—grade 33%
composition glulam

Lamina for same-grade composition glulam 17%

Other defects

Permitted if very slight.

(Note) The “equivalent diameter ratio” shall refer to a ratio of the projected area of defects onto a butt-

end surface to the total area of the same surface.
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(b) Strength performance standards for laminae
Bending strength Tensile strength
Grade by Young' s modulus of bending (MPa or N/mm?) (MPa or N/mm?)
machine rating (GPa or 10°N/mm?) Average Minimum Average Minimum
value value value value
L200 200 81.0 61.0 48.0 36.0
L180 18.0 72.0 54.0 425 320
L160 16.0 63.0 475 375 280
L140 14.0 54.0 405 320 240
L125 125 485 36.5 285 215
L110 11.0 450 340 26.5 200
L100 10.0 420 315 245 18.5
L 90 9.0 39.0 295 235 17.5
L 80 8.0 36.0 27.0 215 16.0
L 70 7.0 33.0 25.0 20.0 15.0
L 60 6.0 300 225 18.0 135
L 50 5.0 270 205 16.5 12.0
L 40 40 240 18.0 14.5 10.5
L 30 3.0 24.0 16.0 12.5 9.5
(c) Coefficient
Lamina width (mm) Coefficient
Up te 150 1.00
More than 150 Up to 200 0.95
More than 200 Up to 250 0.90
More than 250 0.85

3. Standard for Lamina lay—up Quality is as follows:

(1) Symmetrical Mixed—grade lay-ups
(a) Outermost Lamina

Outermost lamina Classes 1 through 5 are listed in the table below by the wood species groups

specified in Table b Item (1) in the preceding section, correspond to the machine grades for outermost
lamina listed in the right—hand column of Appended Table (1) and to the (symmetrical mixed grade lay—
ups) strength classes listed in the left=hand column of the same table.

Grade by grading Wood species group
machine A B C E F
L200 Class 1
L180 Class 2 Class 1
L160 Class 3 Class 2 Class 1
L140 Class 4 Class 3 Class 2 Class 1
L125 Class 4 Class 3 Class 2 Class 1
L110 Class 4 Class 3 Class 2 Class 1
L100 Class 4 Class 3 Class 2
L 90 Class 4 Class 3
L_80 Class 4
L 70 Class 5
L 60
L 50
L_40
L 30
(b) Lamina Quality Composition
Standards for the composition of lamina guolity shall be as specified in the table below
Lamina for Lamina for Lamina for Lamina for
outermost layer |outer layer middle layer inner layer

Visually rated lamina

Not permitted

MNot permitted

Mot permitted

Not lower than

Lamina for for use for use for use Grade 3

outermost | L-@mina rated by grading |~ Not lower than |Not lower than |Not lower than

layer, graded machine : A1G A2G A4G

as Class 1 Knot diameter ratio at |Not more than |Other than Other than Other than
the edge part of width— |17% MSR lamina, MSR lamina, MSR lamina,

wise surface

not more than

not more than

not more than
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Visually rated lamina

Not permitted

Not permitted

Not lower than

Not lower than

Lamina for for use for use Grade 3 Grade 4
Lamina rated by grading Mot lower than |Not lower than |Not lower than

outermost X G
machine A1G A2G A4G

layer, graded - -

as Class 2 Knot diameter ratio at Not more than Other than Other than Other than
the edge part of width— 17% MSR lamina, IMSR lamina, MSR lamina,
wise surface ) not more than_Inot more than_Jnot more than
Visually rated lamina Mot permitted |MNot lower than |Not lower than |Not lower than

Lamina for for use Grade 2 Grade 3 Grade 4

outermost Lamina rated by grading G |Not lower than |Mot lower than |Not lower than

layer, graded machine A1G A2G A4G

as Cl'ass 3 Knot diameter ratio at Not more than Other than Other than Other than
the edge part of width— 17% MSR lamina, IMSR lamina, MSR lamina,
wise surface ) not more than _Jnot more than [not more than_|

. . Mot permitted |MNot lower than |Not lower than |Not lower than

Lamina for Visually rated lamina for use Grade 3 Grade 3 Grade 4

outermost Lamina rated by grading G |Not lower than |Not lower than |Not lower than

layer, graded machine A1G A2G A4G

as Cl'ass 4 Knot diameter ratio at Not more than Other than Other than Other than
the edge part of width— 259 MSR lamina, IMSR lamina, MSR lamina,
wise surface ) not more than _Jnot more than [not more than_|

) . Not permitted |Not lower than |Not lower than |Not lower than

Visually rated lamina

Lami for use Grade 3 Grade 3 Grade 4

amina for - -

Lamina rated by grading Mot lower than |Not lower than |Not lower than

outermost X G
machine A1G A2G A4G

layer, graded - -

as Class 5 Knot diameter ratio at Not more than Other than Other than Other than
the edge part of width— |,co MSR lamina,  |[MSR lamina,  |MSR lamina,
wise surface _ not more than |not more than Inot more than

(Note)1. G is the machine grade of the outermost lamina specified in table (a).
2. A1G, A2G, A3G and A4G machine grades listed in the table (a) that is one class, two classes, three
classes, and four classes lower than G, respectively.
3. If only machine graded lamina are used, and lamina having a machine grade one grade higher than
Class 1 of the respective wood species group listed in table (a) is used along with outermost lamina
Class 1 criteria, structural glued laminated timbers can be manufactured to the next highest strength

grade.

4. If only MSR lamina are used, the wood species groups listed in table (a) may be disregarded, and the
glulam may be manufactured to any strength category the corresponding lamina grades will support

provided outermost lamina Class 1 criteria are followed. However, in this case, with regard to adhesive
performance, qualificaiton testing shall be performed to verify the appropriate use environment criteria

are satisfied.

5. If the strength grade of a structural glued laminated timber has been verified by simulation
calculations associated with full scale strength test or by validation testing for the glulam, said structural
glulam may be deemed to have complied with the standards in this section.

(2) Mixed-grade Composition Glulam (Symmetrical)
(a) MSR Laminae

As shown in the table below, laminae for the outermost layer shall be graded from L 200 through to L 30
depending on the machine grade of outermost layer laminae noted in the right column of Appended Table
(2) that corresponds to the strength grade specified in the left column of the same table (corresponding
to the strength grade of the glulam to be graded).
Grade by grading machine
L200
L180
L160
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(b) Lamina Quality Composition

Criteria for lamina quality composition shall be as specified in the table below:
. Lamina for Lamina for outer | Lamina for middle | Lamina for inner
Marking grade

outermost layer layer layer layer
_ Not lower than Not lower than Not lower than Not lower than

ME120—F330 L160 L160 L110 L30
Not lower than Not lower than Not lower than Not lower than

MET05—F300 L140 L140 L100 L30
Not lower than Not lower than Not lower than Not lower than

ME 95-F270 L125 L125 L90 L30
Not lower than Not lower than Not lower than Not lower than

ME 85-F255 L110 L110 L80 L30

(Note) 1. If the strength grade of a structural glued laminated timber has been checked by simulation

calculations associated with full scale strength testing or valididation testing, said structural glulam may
be deemed to have complied with the standards in this section.
2. Bond performance shall be checked, through validation testing, to verify bond performance is suitable
for the relevant use environment.

(3) Mixed—grade Composition Glulam (non—symmetrical)

(a) Lamina for Outermost Layer — Tension Side

Outermost lamina classes 1 through 5 are listed in the table below by wood species groups and
corresponding to the outermost tension side lamina grades which are also listed in the right—hand
column of “special Table Attachment 1” with the rated strength classes for non—symmetrical mixed
grade members listed in the center column of the same table.

Compression side Tension side
Lamina Lamina Lamina Lamina Lamina Lamina Lamina Lamina
for for outer |for middle |for inner |[for inner [for middle |for outer [for
outermost Jlayer layer layer llayer layer layer outermost
layer layer
Lamina [Visually |Not lower |Not lower |Not lower [Not lower |Not lower |Not Not Not
for the Jrated than than than than than permitted |permitted |permitted
outerm |lamina Grade 2 |Grade 2 |Grade 3 |Grade 3 |Grade 3 |foruse |foruse |for use
ost Lamina Not lower |MNot lower |[Not lower [Not lower |[Not lower |[Not lower |Not lower |G
layer of|rated by |than A 2G|than A 2G|than A 3G|than A 4G |than A4G |than A 2G|than A1G
tension |grading
side, machine
graded |Knot Other Other Other Other Other Other Other MNot more
as diameter [than MSR |than MSR Jthan MSR |than MSR Jthan MSR |than MSR |than MSR [than 17%
Class 1|ratio at an]lamina, lamina, lamina, lamina, lamina, lamina, lamina,
edge of |not more |not more |not more |not more |not more |not more |not more
width than 25% |than 25% [than 33% [than 33% [than 33% [than 25% [than 17%
surface
Lamina [Visually [|Not lower JNot lower |Not lower |[Not lower |Not lower |Not lower |Not Not
for the Jrated than than than than than than permitted |permitted
outerm |lamina Grade 3 |Grade 3 |Grade 4 |Grade 4 |Grade 4 |Grade 3 |for use for use
ost Lamina Not lower |MNot lower |[Not lower [Not lower |[Not lower |[Not lower |Not lower |G
layer of|rated by [than A 2G|than A 2G|than A 3G|than A4G|than A4G|than A2G|than A1G
tension |grading
side, |machine
graded |Knot Other Other Other Other Other Other Other MNot more
as diameter |than MSR |than MSR [than MSR Jthan MSR |than MSR |than MSR |than MSR Jthan 17%
Class 2|ratio at an]lamina, lamina, lamina, lamina, lamina, lamina, lamina,
edge of |not more |not more |not more |not more |not more |not more |not more
width than 33% |than 33% [than 50% [than 50% [than 50% [than 33% [than 25%
surface
Lamina [Visually [Not lower |Not lower [Not lower |Not lower |Not lower |Not lower |Not lower |[Not
for the Jrated than than than than than than than permitted
outerm |lamina Grade 3 |Grade 3 |Grade 4 |Grade 4 |Grade 4 |Grade 3 |Grade 2 |for use
ost Lamina Not lower |Not lower |Not lower |Not lower |[Not lower [Not lower |[Not lower |G
layer of|rated by |than A 2G|than A 2G|than A 3G|than A4G]than A4G|than A 2G|than A1G
tension |grading
side, |machine
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graded |Knot Other Other Other Other Other Other Other MNot more
as diameter [than MSR [than MSR [than MSR |than MSR Jthan MSR |than MSR |than MSR |than 17%
Class 3|ratio at an]lamina,  |lamina, lamina, lamina, lamina, lamina, lamina,

edge of |not more |not more |not more |not more [not more |not more |not more
width than 33% |[than 33% [than 50% |than 50% [than 50% [than 33% [than 25%

surface
Lamina [Visually |Not lower |Not lower |Not lower |Not lower [Not lower [Not lower [Not lower |Not
for the Jrated than than than than than than than permitted
outerm |lamina Grade 3 |Grade 3 |Grade 4 |Grade 4 |Grade4 |Grade 3 |Grade 3 [for use
ost Lamina Not lower |Not lower |[Not lower |Not lower |Not lower |[Not lower |Not lower |G

layer of|rated by |than A 2G|than A 2G|than A 3Glthan A 4Glthan A 4G|than A 2Glthan A1G
tension Jerading
side, machine

graded |Knot Other Other Other Other Other Other Other MNot more
as diameter |than MSR |than MSR [than MSR |than MSR Jthan MSR [than MSR |than MSR Jthan 25%
Class 4|ratio at an]lamina, lamina, lamina, lamina,  Jlamina, lamina, lamina,

edge of |not more |not more |not more |not more [not more |not more |not more
width than 33% |[than 33% [than 50% |than 50% [than 50% [than 33% [than 33%

surface
Lamina [Visually |Not lower |[Not lower [Not lower |Not lower [Not lower [Not lower [Not lower |Not
for the Jrated than than than than than than than permitted
outerm |lamina Grade 3 |Grade 3 |Grade 4 |Grade 4 |Grade 4 |Grade 3 |Grade 3 [for use
ost Lamina Not lower |Not lower |Not lower |Not lower |Not lower |Not lower Not lower |G

layer of|rated by |than A 2G|than A 2G|than A 3G|than A 4Glthan A 4G|than A 2Glthan A1G
tension Jgrading
side, machine

graded |Knot Other Other Other Other Other Other Other MNot more
as diameter |than MSR |than MSR [than MSR |than MSR |than MSR [than MSR |than MSR Jthan 25%
Class S|ratio at an]lamina, lamina, lamina, lamina,  Jlamina, lamina, lamina,

edge of |not more |not more |not more |not more [not more |not more |not more
width than 33% |than 33% |than 50% |than 50% |than 50% |than 33% |than 33%
surface

(Note) 1. G shall represent the lamina machine grade listed in table (a) outermost layer laminae, tension
side.

2. A1G, A2G, A3G, and A4G shall be the lamina machine grade listed in table (a) that is one class,
two, three classes and four classes lower than G, respectively.

3. If only machine graded lamina are used, and lamina having a machine grade one grade higher than
Class 1 of the respective wood species group listed in table (a) is used along with outermost lamina
Class 1 criteria, structural glued laminated timbers can be manufactured to the next highest strength
grade.

4, [If only MSR lamina are used, the wood species groups listed in table (a) may be disregarded, and the
glulam may be manufactured to any strength category the corresponding lamina grades will support
provided outermost lamina Class 1 criteria are followed. However, in this case, with regard to adhesive
performance, qualificaiton testing shall be performed to verify the appropriate use environment criteria
are satisfied.

5. If the strength grade of a structural glued laminated timber has been verified by simulation
calculations

associated with full scale strength test or by validation testing for the glulam, said structural glulam may

(4) Same—grade Composition Glued Laminated Timber

(a) Lamina

a. Visually Graded Laminae

Lamina shall be classified by Class 1 through Class 3 according to the table below for lamina
correpsonding to the visual grades and wood species groups listed in the Special Attachment Table 3
corresponding to the member strength Grade in the same Table.

i E Wood species group
Grade by visual rating A 5 C Sp % 3 3
Grade 1 Class 1 Class 1 Class 1 Class 1 Class 1 Class 1
Grade 2 Class 2 Class 2 | Class 2 Class 2 | Class 2 | Class 2
Grade 3 Class 3 | Class 3 | Class 3 Class 3 | Class 3 | Class 3

b. Laminae rated by Grading Machine

Lamina shall be classified by Class 1 through Class 4 according to the table below for lamina
correpsonding to the machine grade and wood species groups listed in the Special Attachment Table 3
corresponding to the member strength Grade in the same Table.
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Grade by the grading Wood species group
machine A B C D E F
L200 Class 1
L180 Class 1 Class 1
L160 Class 1 Class 1 Class 1
L140 Class 2 Class 1 Class 1 Class 1
L125 Class 3 | Class 2 | Class 1 | Class 1 | Class 1
L110 Class 3 | Class 2 | Class 1 Class 1 Class 1
L100 Class 3 | Class 2 Class 1 Class 1
L 90 Class 3 | Class 2 | Class 1
L 80 Class 3 | Class 2
L 70 Class 3
L 60 Class 4

b. Lamina Composition Quality

Standards for the lamina composition guality shall be as specified in the table below:

lamina

In the case of Class 1

Visually graded

Not

lower than Grade 1

lamina

Lamina rated by G
|grading machine

Kn
at

ot diameter ratio
an edge of width

Other than MSR lamina, not more than 17%

In the case of Class 2

Visually graded

Not

lower than Grade 2

lamina

Lamina rated by G
|grading machine

Kn
at

ot diameter ratio
an edge of width

Other than MSR lamina, not more than 25%

In the case of Class 3

Visually graded

Not

lower than Grade 3

lamina

Lamina rated by G
|grading machine

Kn
at

ot diameter ratio
an edge of width

Other than MSR lamina, not more than 33%

In the case of Class 4

Visually graded

Not permitted for use

lamina

Knot diameter ratio

|grading machine

at an edge of width

Lamina rated by G

Other than MSR lamina, not more than 33%

(Note) G shall refer to the machine grade specified in table b of Section a “Lamina.”

4. Standards for surface quality of finished glulam specified in Section 1 shall be as follows:

. Criteria
Categories Type 1 Type 2 Type 3
| Paint condition Well worked. The same as left. The same as left.

Knots (except live knot),
holes, resin pocket, resin
streak, bark pocket, splits,
rough grain, flaw, scratch and
open joint

Mot permitted or
permitted if excellent
workmanship can be
achieved by plugging, or
filling of synthetic resin,
etc.

|Permitted if not
conspicuous and not
injurious to workability.

Discoloration and stains

Permitted if they
harmonize with the
color and gross specific
to the timber and its
appearance is balanced.

|Permitted if not
conspicuous.

The same as left.

Knife skip, adhesive bleeding
or wane

Mot permitted.

The same as left.

1. Permitted if any knife
skip and adhesive
bleeding is local and
inconspicuous.

2. For wane, it shall be
permitted if the
dimensions are
extremely small and the
degree is
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5. The standards for the minimum radius of curvature of the curved part set forth in Section 1 shall be
as provided hereunder:

The minimum radius of curvature of the curved part (refers to the radius of curvature at the most inward
curved point of a lamina where the curvature radius is minimum) shall be not less than the corresponding
value listed in the table below.

Thickness of Minimum radius of curvature of the curved part
the thickest A case where wood species of a lamina is
lamina only Iapplicable“to No.‘5 orlﬁ of the “Wood Other cases than the left
Species Group specified in the table of
the “Criteria” column of the “Bonding
In the case of Other cases than the In the case of Other cases than the
partially curved left partially curved left
5 500 525 600 625
10 1,080 1,300 1,280 1,540
15 1,770 2,280 2070 2,670
20 2,480 3,400 3,000 4,000
25 3,500 4,750 4,125 5625
30 4,650 6,300 5.490 7,440
35 5,950 8,050 7140 9,450
40 7,480 9,920 9,000 11,600
45 9,360 11,925 11,115 13,950
50 11,750 14,000 13,500 16,500

(Note) In the case of partially curved timbers, “partial curve” means one section of the member is
curved in the lengthwise direction while the remaining sections are straight.
6. Standards for end joint spacing in adjacent layers as specified in Section 1, shall be as follows.

Those using scarf joints (meaning
those for which the scarf
inclination is not more than 1/7.5)

Those using scarf joints (meaning
those for which the scarf inclination
is not more than 1/7.5, those for
which fitness is 0.1mm or more, those
for which the finger length is 10.5 mm
or more (for inner layer) or 12.0 mm
or more (for layers other than inner
layer)

A case where, apparently, the
lamina is used only for beams
or other locations where high
|bending strengths are
required

For lamina in the outermost layer,
as well as outer layer lamina
(limited to the lamina for
outermost layer and lamina for

outer layer of the tensile side of a

mixed—grade composition glulam
(non—-symmetrical) and their
adjacent lamina, end joined
portions among these laminae sha

For a lamina for outermost layer and
a lamina for outer layer (limited to the
lamina for outermost layer and lamina
for outer layer of the tensile side, for
a mixed—grade composition glulam
(non-symmetrical) and their adjacent
lamina, end joined portions among
these laminae shall be not less than

Il]15 cm away from one another.

A case where, apparently, the
lamina is used only for posts
or other locations where high
compressive strengths are
required

Joints of lamina of the adjacent
lamina shall not be overlapped.

The same as left.

Other cases than those
above

Joints of lamina of the adjacent
lamina shall not be overlapped.

For the adjacent laminae, end jointed
portions shall be spaced at least 15
cm away from one another.

(Note) If the sufficient strength of lamina end joints have been checked by a proof Ioad-er. such
structural glulam may be deemed to have complied with the standards in this section.

Appended Table

(1) Mixed-grade composition glulam (symmetrical and non—symmetrica_l)

26

Mixed—grade composition |Mixed-grade composition

glulam (symmetrical) glulam (hon-symmetrical) Machine grade of outermost lamina

strength grade strength grade
E170—F495 E160—F480 L200
E150—F375 E140—F420 L180
E135—F375 E125—F360 L160
E120—F330 E110—F315 L140
E105—F300 E100—F285 L125
E 95—F270 E 90—F255 L110




E 85—F255 E 80—F240 L100
E 75—F240 E 70—F225 L 90
E 65—F225 E 60—F210 L 80
E 65—F220 E 60—F205 L 80
E_55—F200 E 50—F170 L 70

(Note) 1With regard to lamina comp

restricted to the inner layer.
2. With regard to lamina composition quality for EB0-F210 members, L50 is restricted for use in the
inner layers of the compression side and the tensile side.

(2) Mixed—grade composition glulam (specified symmetrical composition)

Specified mixed—grade composition
glulam strength grade

Grade of outermost layer lamina
specified as machine rating grade

osition quality for E65-F225 members, use -of L50 lamina is

ME120—F330 Not lower than L160
ME105—F300 Not lower than L7140
ME 95—F270 Not lower than L125
ME 85—F255 Not lower than L110
(3) Same-grade composition glulam
Strength Strength Grade of lamina
grade of four|grade of Strengt? Grade by visual rating
(4) or more |three (3) grade of two
layers of layers of (2) layers of |[Wood |Wood |Wood |Wood |Wood |Wood |Grade by
same—grade |same-grade same—grade |species|species|species|species|species|species|machine
L . composition |group |group |group |group |group |egroup |rating
thtsjrl'r;pr:smon th:lrlral?smon [giutam A B C D E F
E190-F615 | E190-F555 | E190-F510 L200
E170-F540 | E170-F495 | E170-F450 L180
E150-F465 | E150-F435 | E150-F390 | Grade L160
E135-F405 | E135-F375 | E135-F345 | Grade | Grade L140
E120-F375 | E120-F330 | E120-F300 | Grade | Grade | Grade L125
E105-F345 | E105-F300 | E105-F285 Grade | Grade | Grade L110
E 95-F315 | E 95-F285 | E 95-F270 Grade | Grade | Grade L100
E 85-F300 | E 85-F270 | E 85-F255 Grade | Grade | Grade L 90
E 75-F270 | E 75-F255 | E 75-F240 Grade | Grade L 80
E 65-F255 | E 65-F240 | E 65-F225 Grade L 70
E 55-F225 | E 55-F225 | E 55-F200 L 60
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(Standards for Decorative Structural Glued Laminated Timber Post)
Article 6. The standards for decorative structural Elued laminated timber posts shall be as provided hereunder:

167

Category

Criteria

Product quality

Bonding quality

1. For the bonding quality of a decorative veneer, the results of immersion delamination
tests specified in [tem (1) of Section 3 of Appendix shall indicate that the delamination
|rate for both butt ends’ surface is 10% or lower and the sum of the length of
delamination that occurs in the same glue line is not more than one third of the length
of each test specimen.

2. The bonding quality of laminated layers of a lamina (excluding decorative veneer) shall
|meet the requirements specified in the following Items of (1), (2), and (4) or Items of (3)
and (4):

(1) Results of immersion delamination tests specified in Item (1) of Section 3 of
Appendix shall indicate that the delamination rate for both butt ends’ surface is 5% or
llower and the length of delamination that occurs in the same glue line is not more than
one fourth of the length of each test specimen.

(2) Results of boiling water delamination tests specified in Item (2) of Section 3 of

Appendix shall indicate that the delamination rate for both butt ends’ surface is 5% or
llower, and the length of delamination that occurs in the same glue line is not more than
one—fourth of the length of each test specimen.

(3) Results of vacuum-pressure delamination tests specified in Item (3) of Section 3 of
Appendix shall indicate that the delamination rate for both butt ends” surface is 5% or
llower, and the length of delamination that occurs in the same glue line is not more than
one—fourth of the length of each test specimen.

(4) Results of block shear tests specified in [tem (4) of Section 3 of Appendix shall
indicate that both the shear strength and the wood failure rate of a test specimen are
Inot less than the values listed in the table below. However, in a case where one of both
the shear strength and the wood failure rate of a test specimen is not less than the

values listed in the table below, and the other is less than such values, retests for the
|glue line area may be performed.
Stl:zzrgth Wood failure
Wood species group (MPa or ratio
N/mm?) o)
Itayakaede (Acer mono). Birch (Betula
maximowicziana), Beech (Fagus crenata), White oak 96
(Quercus crispula). Keyaki (Zelkova serrata). Apiton ’ 60
(Dipterocarpus spp.)
Tamo (Fraxinus mandshrica). Shioji (Fraxinus 8.4
apaethiana), Nire (Ulmus davidiana) '
Hinoki (Chamaecyparis obtusa). Hiba (Thujopsis
dolabrata). Karamatsu (Larix leptolepis). Akamatsu
(Pinus densiflora), Kuromatsu (Pinus Thunbergii), Beihi 79
(Chamaecyparis lawsoniana). Dafurika karamatsu '
(Larix gmelini). Southern pine (Pinus spp.). Beimatsu
(Pseudotsuga), White cypress pine (Callitris glauca)
Tsuga (Tsuga sieboldii), Alaska yellow cedar
(Chamaecyparis nootkatensis). Benimatsu (Pinus 6.6 65
koraiensis). Radiata pine (Pinus radiata). Beitsuga :
(Tsuga heterophilla)
Momi (Abies Firma), Todomatsu (Abies
sachalinensis), Ezomatsu (Picea jezoensis). Beimomi
(Abies spp.). Spruce (Picea spp.). Lodgepole pine 6.0
(Pinus contota). Ponderosa pine (Pinus ponderosa).
Pushuu akamatsu (Pinus sylvestris)
Sugi (Criptomeria japonica), Beisugi (Thuja plicata) 5.4 70
Moisture The results of moisture content tests specified in Item (5) of Section 3 of Appendix
content shall indicate that an average of the moisture content of test specimens taken from the

same sample glulam is 15% or lower.

Resistance to
surface check

The results of tests for “Resistance to Surface Check” specified in Item (6) of Section
3 of Appendix shall indicate that no cracks develop on the surface of the test specimen
or that if a crack develops, it is only a slight crack.

Lamina quality

Shall meet the “Standirds for Lamina Quality” set forth in Section 3.
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Bending
property

For decorative structural glued laminated timber posts, the results of the “bending test
A" specified in (d) of Item (7) of Section 3 of the Appendix shall indicate that both
Young' s modulus of bending and the bending strength of the sample glulam are not less
than the value set forth in the table below:

Young' s
modulus of
bending
(GPa or
10°N/mm?)
13.0

Bending
strength(MP

Wood species group a or N/mm?)

Apiton (Dipterocarpus spp.) 46.5
Itayakaede (Acer mono). Birch (Betula
maximowicziana), Beech (Fagus crenata), White oak
(Quercus crispula), Keyaki (Zelkova serrata), Dafurika
karamatsu (Larix gmelini). Southern pine (Pinus spp.).
Beimatsu (Pseudotsuga)

Hinoki (Chamaecyparis obtusa), Hiba (Thujopsis
dolabrata), Karamatsu (Larix leptolepis), Akamatsu
(Pinus densiflora), Kuromatsu (Pinus Thunbergii). Beihi
(Chamaecyparis lawsoniana)

Tsuga (Tsuga sieboldii), Tamo (Fraxinus mandshrica).
Shioji (Fraxinus apaethiana). Nire (Ulmus davidiana).
Alaska yellow cedar (Chamaecyparis nootkatensis).
Radiata pine (Pinus radiata), Beitsuga (Tsuga
heterophilla)

|Momi (Abies Firma), Todomatsu (Abies
sachalinensis), Ezomatsu (Picea jezoensis), Beimomi
(Abies spp.). Spruce (Picea spp.). Lodgepole pine
(Pinus contota), Benimatsu (Pinus koraiensis).
Ponderosa pine (Pinus ponderosa). Pushuu akamatsu
(Pinus sylvestris), Jack pine (Pinus Pinus
banksiana)Lauan (Parashorea, Pentacme. Shorea spp.)
Sugi (Criptomeria japonica). Beisugi (Thuja plicata).
White cypress pine (Callitris glauca)

1.5 40.5

10.5 37.5

9.5 345

8.5

15 30.0

Formaldehyde
emission
amount

The same as the formaldehyde emission amount specified in paragraph 1 of Article 3.

Quality of
visible surface

Shall meet the “The quality standards for visible surfaces” set forth in Section 4.

Warping, bows
and twisting

The deviated length shall be not less than 1 mm per 3 meters of length of a glulam.

Grooving,
chamfering and
cutting works

Well worked.

Thickness of
decorative
veneer

Shall be not less than 1.2 mm.

Lamina

1. The number of lamina layers (excluding decorative veneer) shall be 5 layers or more.
2. A lamina (excluding decorative veneer) shall have a uniform thickness. However, this
shall not apply to a case where the laminae are arranged in such a manner that the
composition of the thickness is symmetric around the central axis of the lamina and this
thickness is more than or equals to two-thirds of the thickness of the thickest lamina in
the composition layer.

Adhesive

0w o—m -0 D =

1. Adhesives used for adhesion in the lamination direction of a lamina (excluding
decorative veneer) shall be resorcinol resins, resorcinol phenol resins, and water based
polymer-isocyanate resins (shall be those that satisfy the performance of “Class 1,
No.1" set forth in JIS K 6806. The same shall apply hereunder.), all of which satisfy
required performance for “Usage Environment C,” or other adhesives that have a
performance equivalent to or higher than that of these resins.

2. Adhesives used for adhesion in the longitudinal direction of a lamina (excluding
decorative veneer) shall be resorcinol resins, resorcinol phenol resins, water based
polymer—isocyanate resins, melamine resins and melamine—urea copoly—condensation
resins, all of which satisfy required performance for “Usage Environment G,” or other
adhesives that have a performance equivalent to or higher than that of these resins.

Dimensions

A difference between the marked and the measured dimensions shall be not less than
values listed in the table below.
(Unit: mm)
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Categories Difference between the marked and measured
Short side and long side +1. 5 —0.5
Length +5. 0 —0
Items to be The same as the section “Items to be marked” in Section 1 of Article 4.

Imarked

Marking method|Shall be the same as the section “Items to be marked” in Section 1 of Article 4.
However, marking of product’ s name and the name of wood species (core material)
shall be made by the method set forth below.

(1) Product name

The product shall be marked as “decorative structural glued laminated timber post.”
(2) Name of wood species (core material)

The name of wood species shall be given by the most common name.

Items The same as the section “Items prohibited from marking” in Section 1 of Article 3.
prohibited from

|_Imarking

2. For a decorative structural glued laminated timber post of which laminae are laminated widthwise as
adjacent layers, a distance between two of the adhesion locations shall be the same as or not less than
twice the thickness of the lamina.

3. The standards for the “Lamina Quality” set forth in Section1 shall be as provided hereunder:

Category Criteria
Knots and Grouped knots diameter ratio shall be not more than 1/4.

Resin pocket, |Permitted if slight.
resin streak,

and bark

Grain Permitted up to 1/14.
Jinclination

Decay Not permitted.

Splits Permitted if very slight.

Discoloration |Permitted if slight.

Rough grain Permitted if slight.

Open joints Not permitted.

Mean width of |Permitted up to 6 mm.
annual rings

(except Radiata

pine)

Center core or |Permitted if annual rings within 50 mm of radius from the center of pith do not exist.
pith (only for
Radiata pine)

Center core Not permitted.
(only for lamina
of outermost
layer)

Repair Permitted of color or grain is fitting to its peripheral timber, and if a repaired part has no

aps and there is no concern of dropping off or denting.
Other defects |Permitted if very slight.

(Note)

1. “Concentrated knot diameter ratio (CKDR)" represents the sum of the percentage of the diameter of
a knot and/or hole present on the 15 em surface of a lamina to the width of the lamina.

2. “Grain inclination” represents a ratio of the slope of the grain direction versus the width direction of
a lamina.

3. The term “repair” shall refer to plugging, or filling of synthetic resin, etc.

4. Tiny clearance between the edge parts of scarf joint or finger joint shall not be deemed as a defect.
5. Measurement of a center core shall be based on the method shown in the figure of (Note) set forth in
(1)-(a) of Section 2 of Article 5 and performed by using a measuring tool, exactly overlaying the 50 mm
radius curve of the measuring tool over the annual ring boundary closest to the pith on the butt end
surface, and comparing annual ring boundaries within an area between the 50-mm-radius— and the 100-
mm-radius curves of the measuring tool, with such curves.

4. The guality standards for visible surfaces set forth in Section 1. shall be as provided hereunder:

Categories Criteria

Knots Not permitted.

Resin pocket, |Permitted if very slight.
resin streak,

and bark
|GhiEs and flaws |[Not permitted.
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Decay Not permitted.

Splits Not permitted.
Discoloration Permitted if very slight.
land stains

Holes Not permitted.

Rough grain Not permitted.

Blister, wrinkle, |Not permitted.

overlap and

open joint

Inconformity of
color and grain

Permitted if the colors and the grain directions of the visible surface roughly harmonize
with one another.

Repair

Permitted if the repaired part is small, the color or grain well matches with the
surrounding surface, and the repaired part has no clearance and is free of coming—off or
indentation.

Other defects

Permitted if very slight.

(Note) Same as the Note for the quality standards for visible surfaces of Article 3 “Standards for glued
laminated timber for fixtures.”
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Appendix

1 Sampling of Test Samples

(1) For a glulam from which test specimens are to be cut that are intended for immersion delamination
tests, boiling water delamination tests, vacuum—pressure delamination tests, block shear tests, moisture
content tests, tests for resistance to the surface check, and bending test A (excluding the case of full
scale tests (shall refer to a test performed using whole glulam; he same shall apply hereunder) and the
case of using a model specimen (shall refer to a scaled—down glulam having the same quality
construction of lamina as that of glulam to be graded; the same shall apply hereunder.) or a glulam
intended for bending test A on “full scale test” base and for bending tests on decorative structural
glued laminated timber posts (hereinafter referred to as a “sample glulam™), the number of sample glulam
pieces specified in the following tables (a) or (b) shall be sampled from one production lot at random as
a Glued laminated timber for fixtures, decorative glued laminated timber for fixtures, and decorative
structural glued laminated timber post (excluding boiling water delamination tests, vacuum-pressure
delamination tests, block shear tests, and bending tests)

Size of production lot (in pieces) Number of sample glued laminated timber (in pieces)
Up to 200 2 samples|If a retest is required, twice the number of
201 ~500 3 samples |sample glulam pieces specified on the left
501~1000 4 samples|shall be taken out.
1001 ~3000 5 samples
3001 or more 6 samples

b Structural glued laminated timbers and decorative structural glued laminated timber posts (only limited
to boiling water delamination tests, vacuum-pressure delamination tests, block shear tests, and bending
tests)

Size of production lot (in pieces) Number of sample glued laminated timber (in pieces)
Up to 10 3 samples|If a retest is required, twice the number of
11~20 4 samples|sample glulam pieces specified on the left
21~100 5 samples|shall be taken out.
101~500 6 samples
501 or more ] samples

(2) For a model specimen intended for bending test A in which model specimens are used, the number of
model specimens specified in the right column of the following table shall be prepared depending on
glulam pieces specified in the left column of the same table.

Size of production lot (in pieces) Number of pieces of model testing glulam
Up to 10 3 samples
11~20 4 samples
21~100 5 samples
101~500 6 samples
501 or more 1 samples

(3) For laminae intended for bending test B, bending test C, and tensile tests (hereinafter referred to a
a “sample lamina”), the number of sample lamina pieces specified in the following table shall be taken

out of one lot at random depending on the pieces specified in the left column of the same table.

w

Size of production lot (in pieces) Number of sample lamina (in pieces)
Up to 90 5
91~280 8
281~500 13
501~1,200 20
1,200 or more 32

(4) For sample glulams intended for formaldehyde emissions testing, the number of sample glulam pieces
specified in the right column of the following table shall be sampled from one lot at random depending on

glulam pieces specified in the left column of the same table.
Size of production lot (in pieces) Number of sample glued laminated timber
(in pieces)
Up to 1,000 2
1,001 ~2,000 3
2,001~3,000 4
3,001 or more 5
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2 Determination of Test Results

In a test other than bending test A, bending test B, bending test C, tensile tests, and formaldehyde
emission tests, among test specimens cut out of a sample glulam extracted from one lot (in moisture
content tests and/or in bending tests for a decorative structural glued laminated timber post, among
sample glulams extracted from one lot), the lot of glulams shall be deemed to have passed such test if at
least 90% of such test specimens are in compliance with standards related to the test; however, the lot
shall be deemed to have failed to pass such test if less than 70% of test specimens are in compliance
with the standards.

In a case where 70% or more but less than 90% of the specimens are in compliance with the standards, a
retest for the lot shall be performed using sample glulams newly taken from the same lot. According to
the retest results, the lot shall be deemed to have passed such test if at least 90% of such sample
glulams are in compliance with the standards; the lot shall be deemed to have failed if less than 90% of
the sample glulams are in compliance with the given test standards.

3 Testing Method
(1) Immersion Delamination Tests
a Preparation of Test Specimens

(i) Glued laminated timber for fixtures, decorative glued laminated timber for fixtures, and decorative
structural glued laminated timber post

Three test specimens, any of which shall have a length of 75 mm and also have the same dimension as
that of the butt—end cross—section of each sample glulam, shall be prepared from each full-sized piece
of the sample glulam. In addition, for a test specimen from the secondary adhesion portion of a glued
laminated timber for fixtures, such specimen shall be prepared so that the adhesion portion can be
positioned in center of the specimen and also shall have a length of 180 mm and have the same
dimension as that of the butt—end cross—section of each sample glulam. If the length of a finger is not
more than 16 mm, by cutting the finger tips, one test specimen shall be prepared of which glue line is
exposed on the butt—end cross—section of a sample glulam. If the length of a finger exceeds 16 mm, two
test specimens shall be prepared by cutting the center part of the finger of a sample glulam.

(ii) Structural glued laminated timber (structural glulam)

One test specimen shall be prepared from both ends of each sample glulam piece with a length of 75 mm
and the same cross section dimension as that of the sample glulam. In addition, for a test specimen of
structural glulam of which lamination side is not less than 250 mm in length and of which lamina has a
width direction side of 125 mm or more, such test specimen may be split at the member depth mid=
point, parallel to the glue line(s). When split as described, the depth in the direction of lamination of
each test specimen shall be roughly the same.

b Testing Method

(i) Glued laminated timber for fixtures, decorative glued laminated timber for fixtures, and decorative
structural glued laminated timber post

Test specimens, after immersed in water at room temperature (10° C—25° C) for six hours, shall
continue to be dried in a thermostatically controlled dryer at 40 = 3° C (or 70° C = 3° Cfora
decorative structural glued laminated timber post (excluding decorative veneer)) so as not to allow
moisture to remain inside the dryer, until the dried mass has fallen to a range between 100% and110% of
the pretest mass.

After that, the length of delamination (occurred in glue lines) on both butt ends of test specimen
(excluding a test specimen of which delamination gap is less than 0.05 mm and/or of which delamination
length is less than 3 mm; the same shall apply hereunder.) shall be measured to calculate not only the
delamination rate for both butt ends’ surface (The “both butt ends’ surface” shall be read as a “finger
joint portion on a butt end surface” for a test specimen from secondary adhesion portion of a glued
laminated timber for fixtures.) but also the sum of the length of delamination, which occurs in the same
glue lines (excluding the glue line of edge joints (except for a glulam glued and laminated during its
manufacture of such products as stairs boards); the same shall apply hereunder.), on both butt ends.

(Note)
1 The delamination rate shall be calculated by the following equation:
Delamination rate (%) = Sum of the length of delamination on both butt ends.”
Sum of the length of glue lines onboth butt ends X 100

2 In measurement of delamination length, neither timber fracture caused by, for example, dried splits and
knots, nor delaminated portion where a knot is present shall be considered as delamination.
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(ii) Structural glued laminated timber (structural glulam)
Test specimens, after being immersed in water at room temperature (10° C-25° C) for 24 hours, shall
continue to be dried in a thermostatically controlled dryer at 70° C = 3° C so as not to allow moisture
to remain inside the dryer until the dried mass has fallen to a range between 100% and110% of the
pretest mass. However, for a structural glulam with the “Use Environment A” indication, the above—
mentioned treatment shall be conducted twice.
After that, the length of delamination on both butt ends of test specimen shall be measured to calculate
not only the delamination rate for both butt end surfaces but also the sum of the length of delamination,
which occurs in the same glue lines (excluding the glue line of edge joints; the same shall apply
hereunder.), on both butt ends.
(Note)
1 The delamination rate shall be calculated by the following equation:
Delamination rate (%) = Sum of the length of delamination on both butt ends.””

Sum of the length of glue lines on both butt ends x 100

2 In measurement of delamination length, neither timber fracture caused by, for example, dried splits and
knots, nor delaminated portions where a knot is present shall be considered as delamination.

(2) Boiling Water Delamination Tests
a Preparation of Test Specimens
This provision shall be the same as that set forth in Item a of Paragraph (1).

b Testing Method
Test specimens, after being immersed in boiling water for four hours and later after being immersed in
water at room temperature (10° C-25° C) for one hour, shall continue to be dried in a thermostatically
controlled dryer at 70° C = 3° C so as not to allow moisture to remain inside the dryer until the dried
mass has fallen to a range between 100% and 110% of the pretest mass. However, for a glulam with the
“Use Environment A” indication, the above—mentioned treatment shall be conducted twice.
After that, the length of delamination on both butt ends of test specimen shall be measured to calculate
not only the delamination rate for both butt ends’ surface but also the sum of the length of
delamination, which occurs in the same glue lines, on both butt ends.
(Note)
1 The delamination rate shall be calculated by the following equation:
Delamination rate (%) = Sum of the length of delamination on both butt ends/

Sum of the length of glue lines on both butt ends x 100

2 In measurement of delamination length, neither timber fracture caused by, for example, dried splits and
knots, nor peeled—off portions where a knot is present shall be considered as delamination.

(3) Vacuum-pressure Delamination Tests
a Preparation of Test Specimens
This provision shall be the same as that set forth in Iltem a of Paragraph (1).

b Testing Method

Test specimens, after being immersed in boiling water for four hours and later after being immersed in
water at room temperature (10° C-25° C) for one hour, shall continue to be dried in a thermostatically
controlled dryer at 70° C = 3° C so as not to allow moisture to remain inside the dryer until the dried
mass has fallen to a range between 100% and 110% of the pretest mass. However, for a glulam with the
“Use Environment A” indication, the above—mentioned treatment shall be conducted twice.

After that, the length of delamination on both butt ends of test specimen shall be measured to calculate
not only the delamination rate for both butt ends’ surface but also the sum of the length of
delamination, which occurs in the same glue lines, on both butt ends.

(Note)
1 The delamination rate shall be calculated by the following equation:
Delamination rate (%) = Sum of the length of delamination on both butt ends/
Sum of the length of glue lines on both butt ends x 100

2 In measurement of delamination length, neither timber fracture caused by, for example, dried splits and
knots, nor peeled-off portions where a knot is present shall be considered as delamination.

(4) Block Shear Tests
a Preparation of Test Specimens
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(i) Decorative structural glued laminated timber post

Test specimens shall be prepared from each sample glulam piece in such a shape as shown in Fig. (1) or
Fig. (2) so that all glue lines in the lamination direction can be involved. The standard moisture content
of the test specimen during the tests shall be 12%.

(ii) Structural glulams

One test specimen shall be prepared from each end of the sample glulam in the shape shown in Fig. (1)
or Fig. (2) for all glue lines in the lamination direction, or in such a shape as shown in Fig. (3) for all glue
lines in the lamina’ s width direction. However, in cases where no load is applied to the width direction of
lamina, test specimens shall be prepared only for glue lines in the lamination direction. In addition, for
secondary glue lilnes in the width direction, a required number of test specimens shall be prepared from
the secondary adhesion layers of each sample glulam piece at the rate of one test specimen per 10 cm
width of lamina for which secondary adhesion processes have not yet been initiated. For secondary
adhesion of both the width direction and the lamination direction, a required number of test specimens
shall be prepared not only from the above-mentioned secondary layers but also from the secondary
adhesion layers of each sample glulam piece at the rate of one test specimen per 10 em length of lamina.
The standard moisture content of the test specimen during the tests shall be 12%

Fig.(1) \h (Unit: mm)

Glue line in
the - =
lamination
direction

(Note) “a” and “b" shall be any length ranging from 25 mm to 55 mm.

Glue line in the

lamination Fig.(2) (Unit: mm)
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(Note) “a” shall be any length ranging from 25 mm to 55 mm, “ @ ” shall be an incision depth that is

suitable for the device used, and "t~ shall be the thickness of lamina.
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Fig.(3) (Unit: mm)
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(Note) “a” shall be any length ranging from 25 mm and 55 mm and “t” shall be the thickness of lamina or
the available maximum length of a lamina if the lamina’ s shape is difficult to be measured.

b Testing Method
Test specimens shall be loaded up to fracture at a standard loading rate of around 9800 N per minute,
not only using a testing machine with a loading capacity, a range between 15% and 85% of which shall
include the breaking load of the test specimens, but also using a shearing machine designed to prevent
any rotational moment from being exerted thereon and to keep the shearing surface of the specimens
and the load axis parallel. The shear strength and wood failure rate of a test specimen shall be
determined by the following equation:
Shearing strength (Mpa or N/mm) = Maximum load at which a test specimen fails (N).”

Area of the adhesion portion (a X b) (mm2)
(Note) Test specimens having knots, resin pockets, and other defects in measuring areas may be
removed from test specimens to be used for measurement. Thus, new test specimens shall be taken
from other portion of the glue line area and then shall be retested. The results of the retest shall be
determined.

(5) Moisture Content Tests
a Preparation of Test Specimens
Two test specimens of proper size shall be prepared from each sample glulam.

b Testing Method

After weighing, a test specimen shall be dried in a dryer at a temperature between 100° C and 105° C.
When the test specimen is considered to have reached a constant mass (meaning when the difference
between two mass values, each of which is measured at intervals of six hours, is not more than 0.1% of
the mass of such test specimen, or meaning when it can be found that such condition has been
achieved), the mass of such test specimen shall be again measured (this mass shall be hereinafter
referred to as “bone dry mass"). Moisture content shall be calculated down to 0.1% by the following
equation; an average of the moisture content of test specimens prepared from the same sample glulam
shall be calculated down to 0.5% However, other methods may also be used if they can clearly determine
whether the test specimens satisfy standard criteria.

Moisture content (%) = ( W1 - W2).~ W2x 100

Where: W1 represents predried mass (g)
W2 represents bone dry mass (g)

(6) Tests for Resistance to the Surface Check

a Preparation of Test Specimens

Two test specimens, each of which shall have a length of 150 mm and also have the same dimension as
that of the butt-end cross—section of each sample glulam, shall be prepared from each full-sized piece
of the sample glulam.

b Testing Method
After aluminum foil is glued to the butt end surface of a test specimen with rubber type adhesives, the
test specimen shall be dried in a constant temperature dryer for twenty four hours at 60 = 3° C.

(7) Bending Tests
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a Bending Test A

(i) Preparation of Test Specimens or Model Specimens

For a straight glulam with a uniform cross section (excluding glulams for which actual size tests are
difficult to be performed), a test specimen shall be prepared from the full-sized piece of each sample
glulam. For other type glulams, one test specimen set forth in Subparagraph (a) shall be prepared from
each side of every sample glulam in the width direction or the model specimen set forth in Subparagraph
(b) shall be prepared. The standard moisture content of the test specimen during the tests shall be 12%.

a. Each test specimen shall meet the following requirements:

(a) The thickness shall be half of that of the sample glulam.

(b) The width shall be not less than half of that of the sample glulam.

(c) The length shall be not less than twenty times the thickness thereof.

(d) If the sample glulam has an end joint in its outermost layer, the test specimen shall be prepared so
that it can include said end joint.

b. Any model specimen shall meet the following requirements:

(a) The quality construction of its lamina shall be the same as that of the sample glulam.
(b) The thickness shall be around 300 mm.

(c) The width shall be the same as that of the sample glulam.

(ii ) Testing Method

Using the approach shown in Fig. (4), upper— and lower-load limits between which a proportional
relationship exists, the deflection corresponding to these loads, and the maximum load shall be measured
to obtain Young' s modulus of bending and bending strength. In this case, the same amount of load shall
be applied to both loading points and the average loading rate shall not exceed 14.7 MPa/min. In addition,
in a case where the correct direction for use is marked or labeled, the sample glulam shall be placed with
its top surface upward; in other cases, the sample glulam shall be placed, for a mixed—grade composition
glulam (symmetrical), with the loading direction perpendicular to lamination layers, for mixed—-grade
composition glulam (non-symmetrical), with the tensile side downward, for a same-grade composition
glued laminated timber of which lamination is four (4) layers or more, with the loading direction
perpendicular to the lamination layers, and, for a same—grade composition glued laminated timbered
which lamination is two (2) or three (3), with the loading direction parallel to the lamination layers.

Note:

1. One span shall be not less than eighteen times the thickness of a sample glulam, test specimen, or
model specimen.

2. Young' s modulus of bending and bending strength shall be calculated by the following equations,
respectively:

Young' s modulus of bending (Mpa or N/mm%) = AP (2- S) (20* + 2 S - $%).~8 Aybh®

Bending strength (MPa or N/mm2) = 3Pb (8- S).~ 2bh®

Where: AP represents a difference between the upper-limit and lower=limit loads in a range where a
proportional relationship exists (N)

Ay is a deflection at center of span corresponding to AP (mm)

2 is a span (mm)

S is distance between loading points (mm)

b is the width of a sample glulam, test specimen, or model specimen (mm)

h is the thickness of the sample glulam, test specimen, or model specimen (mm)

Pb is the maximum load (N)
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Fig.(4)

Sample glulam, test

Loading Loading specimen, or model

2 : span

h: thickness of the sample glulam, test specimen, or model specimen
S: distance between loading points

b: width of the sample glulam, test specimen, or model specimen

b Bending Test B

(i) Testing Method

Using the approach shown in Fig. (5), the difference in deflections between deflection at initial loads and
deflection at final load shall be measured to obtain Young' s modulus of bending. The standard moisture
content of the sample lamina during testing shall be 12%.

(Note) Young' s modulus of bending shall be calculated by the following equation:

Young s modulus of bending (Mpa or N/mm?) = AP2°~ 4bh®Ay

Where: AP is a difference between the initial load and final load (N)
Ay is a deflection at center of span corresponding to AP (mm)

Q is a span (mm)

b is the width of a lamina (mm)

h is the thickness of the lamina (mm)

Fig.(5)
Loading point .

m _________ ﬁ — — Dial gauge

/2 L /2

=

1 =L-15(cm)
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L: sample’ s length
2: span
h: sample’ s thickness
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¢ Bending Test C

(i ) Preparation of Test Specimens
A test specimen, which shall have a length of not less than 25 times the thickness and also have the

same width and same thickness as that of a sample lamina shall be prepared from the sample lamina.
However, for laminae with end joints, the test specimen shall be prepared so that the end joint can be
positioned at the mid point along the length of said specimen. The standard moisture content of a test
specimen during testing shall be 12%.

(i ) Testing Method

Using the approach shown in Fig. (6), the maximum load shall be measured to obtain the bending
strength. In this case, the same amount of load shall be applied to both loading points and the average
load speed shall not exceed 14.7 MPa/min.

(Note) Bending strength shall be calculated by the following equation:

Bending strength (MPa or N/mm?) = Pb 0.~ bh®

Where: Pb is the maximum load (N)

2 is the span of a test specimen (mm)

b is the width of the test specimen (mm)

h is the thickness of the test specimen (mm)

Fig.(6) Glue line in the length
direction of lamina
Loading Loading s . Testspecimen
PR \t ______________ i P LA Support
\L( ’ e Lo -
h | L F .
N ~
—— /3 >JF v /3 /i\ 0B —
< p/2 /lrx L/ =
L =hx21 =
!’ L=hx25 K!

L: length of a sample glulam
2 : span
h: thickness of the sample glulam

d Bending test for decorative structural glued laminated timber posts
(i) Testing method

Bending tests shall be performed based on the approach shown in either Fig. (4) or Fig. (7). In this case,

the loading direction shall be parallel to the lamination direction and the average loading speed shall be
not exceed 14.7 MPa/min. In a case of using the approach shown in Fig. (4), the span shall be not less
than eighteen times the thickness of a sample glulam; in a case of using the approach shown in Fig. (7),
not less than fourteen times the thickness of the sample glulam. The standard moisture content of a
test specimen during testing shall be 12%.
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Fig.(7)
Loading point T Sample
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L: length of a sample glulam

2 : span

h: thickness of the sample glulam
b: width of the sample glulam

(Note)
1 When this test is to be performed using the approach shown in Fig. (4), the Young' s modulus of
bending and the bending strength shall be calculated by the following equations, respectively:

Young’ s modulus of bending (MPa or N/mm?) = AP (8- S) (2 * + 20S - S%).~ 8 Aybh®

Bending strength (MPa or N/mm?) = 3Pb (2 - S).” 2bh?

Where: AP is the difference between the upper—limit and lower—limit loads in a range where a
proportional relationship exists (N)

Ay is the deflection at the center of span corresponding to AP (mm)

2 is the span (mm)

S is the distance between loading points (mm)

b is the width of a sample glulam (mm)

h is the thickness of the sample glulam (mm)

Pb is the maximum load (N)

2 When this test is to be performed using the approach shown in Fig. (7), Young' s modulus of bending
and the bending strength shall be calculated by the following equations, respectively:

Young’ s modulus of bending (MPa or N/mm?) = AP2’,” 4bh’Ay

Bending strength (MPa or N/mm?) = 3Pbg.” 2bh®

Where: AP is a difference between the upper-limit and lower—limit loads in a range where a proportional
relationship exists (N)

Ay is a deflection at center of span corresponding to AP (mm)

2 is a span (mm)

b is the width of a sample glulam (mm)

h is the thickness of the sample glulam (mm)

Pb is the maximum load (N)

(8) Tensile Test
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a Preparation of Test Specimens

One test specimen from each sample lamina shall be made so that the specimen has the same width
and thickness as that of the lamina and also has a length equal to that of both end grips plus 60 cm or
longer. However, for laminae with end joints, the test specimen shall be made so that the end joint can
be positioned in center of such specimen. The standard moisture content of a test specimen during
testing shall be 12%.

b Test Method

Based on the method shown in Fig. (8), the length of test specimen’ s edges held by both end grips shall
be 30 c¢m or longer and the span shall be 60 cm or longer. Tensile loads shall be applied through both
end grips. In this case, an average loading speed shall be 9.8 MPa/minute or lower.

(Note) Tensile strengths shall be calculated by the following equation:
Tensile strength (MPa or N/mm?) = P~ bh
P is a maximum load (N)

b is the width of test specimen (mm)
h is the thickness of test specimen (mm)

Fig. (8)
Glue line along the direction of lamina’s
length
; Test specimen

: ’

Load direction ; | ,’J ,” | Load direction
- | :'j .
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(9) Formaldehyde Emission Amount Test

a Preparation of Test Specimens

The test specimen shall be cut from the portion of each glue laminated timber sample that is, in
principle, 5 em or more away from one end of the timber, with its cross—section dimensions maintained,
to achieve a surface area of 450 cm2 (excluding both of the butt ends). Both of the butt ends shall be
sealed with self-adhesive aluminum tapes or paraffins that are impermeable to formaldehyde. In addition,
in a case where the cross—section dimension or length of a test specimen is larger than the size of the
test container, such original test specimen shall be cut into multiple smaller test specimens of the same
shape; these smaller test specimens can be used instead.

In this case, the cutting surface of the test specimen shall also be sealed.

b Testing Method

(i) Curing of Test Species

All the test specimens cut from the same glued laminated timber sample shall be sealed in a plastic bag
and then conditioned in a thermostatic chamber, etc. at a constant temperature of 20° C *+ 1° G for
one day or longer.

(i) Preparation of Reagents
Each reagents shall be prepared according to the following items (a) through (h):
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a lodine Solution (0.05 mol/L)

At first, 40 g of potassium iodide (the same as specified in JIS K 8913 “Potassium iodide (Reagent)”) is
dissolved in 25 mL of water. 13 g of iodine (the same as specified in JIS K 8920 “lodine (Reagent)”) is
then dissolved in the solution. The lodine Selution shall be prepared by transferring the resulting solution
into a 1,000 mL volumetric flask (the same as specified in JIS R 3503 “Glass apparatus for chemical
analysis”; the same shall apply hereunder.), by adding three drops of hydrochloric acid (the same as
specified in JIS K 8180 “Hydrochloric acid (Reagent)”), and dilute with water to the specified volume.

b Sodium Thiosulfate Solution (0.1 mol/L)

This sodium thiosulfate solution shall be prepared as follows: 26 g of sodium thiosulfate pentahydrate
(the same as specified in JIS K 8637 “Sodium thiosulfate pentahydrate (Reagent)”) and 0.2 g of sodium
carbonate (the same as specified in JIS K 8625 “Sodium carbonate (Reagent)”) are dissolved into 1,000
mL of water with no dissolved oxygen. After being left for two days, using potassium iodate (the same as
specified in JIS K 8005 “Reference materials for volumetric analysis”), the solution shall undergo the
standardization procedure specified in JIS K 8001 (“General rule for test methods of reagents”), 4.5
(“Solutions for titration”) (21.1) “0.1 mol/L sodium thiosulfate solution.”

¢ Sodium Hydroxide Solution (1 mol/L)

Shall be prepared by dissolving 40 g of sodium hydroxide (the same as specified in JIS K 8576 “Sodium
hydroxide (Reagent)”) with 200 mL of water, by transferring the resulting solution into a 1,000 mL
volumetric flask, and dilute with water up to the 1,000 mL mark.

d Sulfuric Acid Solution (1 mol/L)

Shall be prepared by dissolving 56 mL of sulfuric acid (the same as specified in JIS K 8951 “Sulfuric acid
(Reagent)”) with 200 mL of water, by transferring the resulting solution into a 1,000 mL volumetric flask,
and diluting with water up to the 1,000 mL mark.

e Starch Solution

This starch solution shall be prepared as follows: At first, 1 g of starch (the same as specified in JIS K
8659 “Starch (soluble)(Reagent)” shall be mixed well with 10 mL of water and then, the solution shall be
added into 200 mL of boiling water while stirring. The resulting solution shall be boiled for about one
minute, cooled down, and filtered to give this starch solution.

f Formaldehyde Standard Stock Selution

Shall be prepared by transferring 1 mL of formaldehyde solution (the same as specified in JIS K 8872
“Formaldehyde solution (Reagent)”) into a 1,000 mL volumetric flask and diluting with water up to the
1,000 mL mark.

The formaldehyde concentration of this solution shall be calculated using the following steps: 20 mL of
the above—-mentioned formaldehyde standard stock solution shall be dispensed into a 100 mL stoppered
Erlenmeyer flask (the same as specified in JIS R 3503 “Glass apparatus for chemical analysis”; the same
shall apply hereunder.). After adding 25 mL of iodine solution of Item (a) and 10 mL of sodium hydroxide
solution of Item (c) into the flask, the resulting solution shall be left for 15 minutes at room temperature
under light-shielded conditions. Subsequently, after adding 15 mL of sulfuric acid solution of Item (d) into
the flask, theliberated iodine shall be immediately titrated with sodium thiosulfate solution of Item (b).
After observing a change in color (pale yellow) of the solution, 1 mL of starch solution of Item (e) shall
be added as an indicator, and the titration shall be continued. Moreover, blank tests shall be performed
using 20 mL of water. The concentration of formaldehyde shall be given by the following equation:

C=15 x (B-8) x f x 1,000/20

Where G is the concentration of formaldehyde in a formaldehyde standard stock solution (mg/L)

S is the titer of 0.1 mol/L sodium thiosulfate solution in the formaldehyde standard stock solution (mL)
B is the titer of 0.1 mol/L sodium thiosulfate solution in a blank test (mL)

f is a factor of 0.1 mol/L sodium thiosulfate solution

1.5 is the amount of formaldehyde equivalent to 1 mL of 0.1 mol/L sodium thiosulfate solution (mg)

g Formaldehyde Standard Solution

Shall be prepared by placing an appropriate amount of formaldehyde standard stock solution inte a 1,000
mL volumetric flask and diluting with water up to the 1,000 mL mark.

5 mg, 50 mg, and 100 mg of formaldehyde shall be contained in 1,000 mL of water for Standard Solutions
A, B, and C, respectively.
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h Acetylacetone—Ammonium Acetate Solution

This acetylacetone—ammonium acetate solution shall be prepared as follows: At first, 150 g of ammonium
acetate (the same as specified in JIS K 8359 “Ammonium acetate (Reagent)”) shall be dissolved with
800 mL of water. Next, 3 mL of glacial acetic acid (the same as specified in JIS K 8355 “Acetic acid
(Reagent)”) and 2 mL of acetylacetone (the same as specified in JIS K 8027 “Acetylacetone (Reagent)”)
shall be added to and mixed well in the solution. Further, dilute with water to a final volume of 1,000 mL.
(When immediate measurements are not possible, this solution can be stored in a cool place (0° C-10°
C) for up to three days after its preparation.)

(iii) Formaldehyde emission collection

As shown in Fig. (9), place 20 ml of distilled water in a small lidded polypropylene or polyethylene
collection reservoir with an inner diameter of 57 mm and a height of 50-60 mm, water, shall be placed at
the center of the bottom of about 40L test vessel made of acrylic resin (limited only to those capable of
ensuring air tightness).

A test specimen shall be placed on top of the container (When there are a plurality of test specimens, as
shown in Fig. (9), such specimens shall have to be fastened with support fittings in such a position that
they cannot come in contact with each other) and shall be left at 20° C = 1° C for 24 hours —0 and +5
minutes while the emitted formaldehyde is allowed to be absorbed into distilled water, which provides the
sample solution.

Moreover, in order to measure the background concentration of formaldehyde, the above-mentioned
steps shall be performed in such a state that no test specimen is present in the test vessel. The
resulting solution shall be used as a background solution.

(Note) Except when trapping formaldehyde, introducing distilled water into a water collection container
and taking out distilled water from the water collection container, in order to prevent formaldehyde
present in the air from being adsorbed to the water collection container or being absorbed into the
distilled water inside the container, such water shall need to have an inner lid.

Fig. (9)
\ | ‘ < Test specimen
< Water collection
| I container

(iv) Procedure for measuring formaldehyde concentration

Concentrations of formaldehyde in a sample solution and a background solution shall be measured using
an acetylacetone absorption spectrophotometry. At first, 10 mL of the sample solution specified in
Section (iii) shall be placed into a stoppered container. Subsequently, 10 mL of acetylacetone—
ammonium acetate solution shall be added to the container and mixed, with the container stoppered.
After the stoppered container is heated in a warm water bath (at 65° C = 2° C) for 10 minutes, this
solution shall be left still under a light shielding condition until it reaches room temperature. This solution
shall be transferred into an absorption cell. Next, a spectrophotometer shall be used to measure the
absorbance at a wavelength of 412 nm (using water as a control).

In addition, if the concentration of such a sample solution is too high to achieve accurate
measurements, 5 mL of the remaining sample solution shall be diluted 4-5 times with water. This diluted
solution shall be used instead for the measurements according to the above—mentioned steps.
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(v) Preparation of Calibration Curves

In preparing calibration curves, 0 mL, 2.0 mL, 4.0 mL, and 6.0 mL of three types of formaldehyde
standard solutions shall be dispensed by a one—mark pipette (the same as specified in JIS R 3505
“Volumetric Glassware”) and placed in each 100 mL one-mark flask. Water shall be subsequently added
to bring the volume to 100 mL, thereby providing formaldehyde solutions for preparing calibration curves.
Formaldehyde concentrations shall be: 0 mg/L, 0.1 mg/L, 0.2 mg/L, and 0.3 mg/L for Standard Solution
A; 0 mg/L, 1.0 mg/L, 2.0 mg/L, and 3.0 mg/L for Standard Solution B; 0 mg/L, 2.0 mg/L, 4.0 mg/L, and
6.0 mg/L for Standard Solution C. All of these solutions shall be dispensed 25 mL each and undergo the
procedures given in the above Section (iv), obtaining the relationship line between formaldehyde amount
and absorbance. The slope of the line (F) may be graphically obtained or may be calculated.

In addition, those standard solutions A, B, and C shall be chosen for use depending on the estimated
concentration of a sample solution.

(vi) Calculation of Formaldehyde Concentration
The concentration for a sample solution shall be calculated by the following equation:

G=F x (Ad - Ab) x (1/3.79)

Where: G is the formaldehyde concentration in the test specimen (mg/L)
Ad is the absorbance of the sample solution

Ab is the absorbance of a background solution

F is a slope of a calibration curve (mg/L)

(1/3.75) is a conversion factor for formaldehyde concentration

Labeling Format (relating to Articles 3, 4, and 6)

MName of product
Wood species for the core material for the decorative surface veneer
Thickness of the
decorative

Surface veneer

Visible Surface Shorter side Longer side Length of the timber
Formaldehyde
emission amount

Types of adhesive
used, etec.
|Manufacturer

Remarks

1 When using this format for a glued laminated timber for fixtures, the phrases “For the core material,”
“For the decorative surface veneer,” and “Thickness of the decorative surface veneer” shall be deleted.
2 When using this format for any glulam with no indication of formaldehyde emissions, the phrase
“Formaldehyde emission level” shall be deleted from the format.

3 When using this format for any glulam and not indicating that a non—-formaldehyde-type adhesive is
used therein, the phrase “Types of adhesive used, etc.” shall be deleted from the format.

4 If labeling is made by a seller, the word “Manufacturer” shall be replaced with “Seller.”

5 For imported goods not withstanding the provisions in Item 4, the “Manufacturer” in this format shall
be replaced with “Importer.”

6 This format may be written vertically.

Labeling Format (relating to Article 5)
MName of product
Strength grade
Quality of surface
Bonding performance
Wood species
Dimensions

Number of lamina’ s
Inspection method
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Formaldehyde emission
amount

Actual size strength
Proof loader

Types of adhesive used,
ete.

Manufacturer

Remarks

1. When using this format for any glulam without veneer surface, the phrase “Number of lamina” shall be
deleted from the format.

2. When using this format for any glulam and the phrase “bending performance testing conducted” is not
indicated, the phrase “Inspection method” shall be deleted from the format.

3. When using this format for any glulam with no indication of formaldehyde emissions, the phrase
“Formaldehyde emission level” shall be deleted from the format.

4. When using this format for any glulam with no indication that simulation calculations have been
performed along with full scale strength tests or verification tests, the phrase “Full scale strength test”
shall be deleted from the format.

5. When using this format for any glulam with no indication that strength has been verified with a proof
loader, the phrase “Proof loader” shall be deleted from the format.

6. When using this format for any glulam with no indication that a non—formaldehyde—type adhesive is
used therein, the phrase “Types of adhesive used, etc.” shall be deleted from the format.

7. If labeling is made by a seller, the word “Manufacturer” shall be replaced with “Seller.”

8. For imported goods, notwithstanding the provisions in Item 7, “Manufacturer” in this format shall be
replaced with “Importer.”

9. This format may be written vertically.

Supplementary Provisions (Notification No. 1152 of MAFF (Ministry of Agriculture, Forestry and
Fisheries), September 25, 2007)

(Enforcement Date)
Article 1. This Notification shall go into effect 90 days after the date of promulgation.
(Revocation of the Japanese Agricultural Standard for Structural Glued Laminated Timber)

Article 2. The Japanese Agricultural Standard for Structural Glued Laminated Timber (Notification No.
111 of MAFF, January 29, 1996) shall be revoked.

(Interim Measure in Conjunction with Revision of the Japanese Agricultural Standard for Glued
Laminated Timber)

Article 3. At the time when this Notification comes into effect, any glued laminated timber marked with a
grade based on the Japanese Agricultural Standard for Glued Laminated Timber (before the revision
according to this Notification) shall still be based on the previous standard.

(Interim Measure in Conjunction with Revocation of the Japanese Agricultural Standard for Structural
Glued Laminated Timber)

Article 4. At the time when this Notification comes into effect, any structural glued laminated timber
marked with

a grade based on the Japanese Agricultural Standard for Structural Glued Laminated Timber (before the
revision according to this Notification) shall still be based on the previous standard.
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