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11 HMROFER

DrEICENT, FEREOE LI 2 RKEQESG (AT, K&EH) & 2019 CFK
30) FEFEET5T%, —FIRETICEVTIZ 0% L EWKEICH Y, EEEFEIAMOK
EnT/EELBRoTE YV, L L, FaxEEoFME L L, 1973 (A 48) o 191
TP (OBARE 12 57) =212, Wb 37k (1985 (1 60) ~1991 (F
B 2) 4E) RBRVT, L CTEAERICH 2 12, SR, Alad TRt EZT, 2030
(BF1 12) FEOFERE BT 3 TP ICETHPT 2 LoRERRINTVwE Y, Zofk
o, EEHOAMBEEO PN 2R s X IERICH 72 o T, AR 1TEHILAT (2019
CERL 30) %) ICH £ - T 2 hEfE@EE S X O IR LB~ O RERIY 72 AP FH 23 2
HThdreEz2LND,

ZHLEHERM»L, NEEEYEICHS T 2 ARM ORI Ao REEICE T 5 E# AT, K
H) P 232010 CERE 22) fEICHEfT X, BICERE G BEEECUT) oo R 72
KiEbitEDd 5N b & Lixotz, RNEKOIEITH, KO NILEEY)ICED 2 K&
Bl o EAMERNICH Y, HRETIZFEREIC X 2 AMFBFLEOIERKICIE—EDOHRLH -
ZbolBIELTWwE Y, 2ok, KEiEE 2021 (5H13) Fic, HRFLAOEFICHE
T 2% D720 DEEYFICE T 5 ARM ORI OREHEICBI T 2 ] ICSUES L, KMo F]
FADRIE ICHL Y A1 T RSN IR 2> b RISEED) % & TR —MRITIEK S i 59,
TRk Y, KRG AEFHF R &, A O JEE Y ~ O BRI 72 A b
FMADBAFE I TS

KEEEOHBROILK & P RBBLOFTELEmE 29, TG U REBEMEL L L
CHEZHEHAM (Cross Laminated Timber, AT CLT) 28 FEH I T\ 5%, CLT X, #&EK
LA, 73F) 2@HEHRPERT S X5 CEEES LKEME OSF20) THY,
SHEREESE G L, BERGEANI WL, KEMB X ORNEEZET 22 LT



MhxsEHETEZ LR DR EHELTWS P, Fig. 1.1, CLT O #E %#/R3, CLTIC
BOT, 7IFEREHACHERZZSDETTA LML, WIS OFAT 2 #—F 72138
T 2EMD T 74 % TE", mOIMIICH BJE%“IE", ZhAofEr NE LIEs ¥,
CToIEd, INEZ I LT, BT M PTRE AT, ER T 5 & EE”
LA T3 (Fig.1.2), CLT ORI IZfE & 77 4 O cHES N TE Y, —&INIC

Fig. 1.3 10" 6188 Q@3 774, 34774, 51774, 181774, 9f@9~
7 4) oWt (8RR 2555,

CLT (37 7 =Y TRKRFICL 27Ty =7 MicEs T, KLH ¥ v ¥ 7 Fv Yotk
T XY 1996 CFRL 8) FiCii] DG AFRAFE T 2, LA, BB X ok dlic

I e SR, R BB 2 L R ASXEA T B, WM TR, RESEARsERRIGRE L
15 Dff], CUAP (Common Understanding of Assessment Procedure) 0 & IFE(F 4L % HHRERTE
flifHEIC X - C CLT OB AR A LR L T & 7228, 2015 CFRK 27) 4EIC CLT @ FBRMBUE

(LAF, EN16351) 'V 23 & 41, 2021 (81 3) FOHRFT 2R THBHEICE > T 5,
T DIgA, 2011 CFAK234F) 4RI CLT obRic s 1T 5 HERERIE (ANSI/APA PRG320) '
BHEIETNTH Y, LK 2019 (HFIJC) FE THBEWELRZINTWD,

[EWN Tk CLT DAL, 2010 FEACLARE, AEEEMRHI O ®fii & CLT ICBAE S 2 158
ERRFID 2 v — F T bz, ENICE T3 CLT OAEERHIT 2012 CEFRK 24) 4Fic
HERTEN WILR) KXo TTF2 77 v FARHXCLE 19, 2uiIcEiEaiED o
, 2021 (BF13) FBIECIEN 8 2t ic AR EMLE JASELY)) 36 % 9,

CLT OKUSALIZERM X 0 F <, 2013 CEAK 25) FICEMOKERIC X ) ERERK DO HA
EEMHRE (BAF, CLT @ JAS) 9 28lE & 4, [F4EIC CLT @ JAS'Y ONFEZHiTT 51E
FRMR oW IERERHE (DUT, EIERLEEE) 19 23R MG (—itEEIEAHA CLT )
IC XV HE SNz, 2%, 2019 (BF12) FiC CLT @ JASY [FHIE S, HlkgoEX%4
PR b “TESSEE R D H A MBI 2> & JAS3079 : 20197 (AN, JAS3079) Lo b/,

F72, THICHIGL T, RFEICEIESRIEERHE 19 S ETI N T 5,



FREEERETIC B 2 i & L Cid, 2016 CFAK 28) 4Fic, ELIGEAIC X 2 SUEETR
CERC 28 FHE T 2GEEERE 5625 18 LAY, ERAER 56245) 1L D, FERFAIG
TIEE B O BR e MRV % 8 @ 5 5 (PR 13 EE T 3GBEERE 1024 519, DU, H
LEAER 1024 5) I CLT 258 L7z, ERAE R 5625 19 1 X Y, CLT iICDWThkA
ZRISITRBEICHTIG U 72 B HEIREE 3058 & 1, FFAICI TR IC X 2 OGS 8RR L 72 0,
HRBIRBRERIC CLT 2 EM & L TR L 3 o 72, EIRREERE 1024 5 19 13 2018
CERL30) FICHEORIEST CPA 30 FELZGEE 5REE 13245 20, LU, ERES
N13245) BAI N, NEOHS L CUGET2™MTbN T2, 2D, 2016 (P 30)
AT AR S T PR 28 R E FAE A SR 5615 20 (BAF, EZASE R 5615) 1
CLT @ JAS'S (B{ED JAS3079'7) ICiE Lz 8E LIS ChH - ThH, Pk 12 FEEFRA G

561446 5 22 (LAF, @A ER 1446 5) 1T X AVEREREMNIC X - TR HER ICH S K

%

ERAEXIMETE 2HENEZ bNz, TNITKoT, HARIICIE U 2255k R koD
CLT (=& 213, EHEEI IF%2MEHALZ CLT 2 L) KOV THhREIRICTL Y, wbW
BRI 2 L LTI T 3 X9 Itk o7z,

CLT \CBE#E 3 2 iR w34, ENIC BT 2 FRER K SN 5, JLiRHEIC B W TD,
2017 (PR 29) 4F 3 HicdbigE K EEMBSR I X o € [HERE CLT ML ARIC M1 5 7= HEEF5 $1
(AN, J8PE CLTH#EET$) 23HlE S 02, JuifmEfE (AT, @) ALHMM o CLT ~o
R 2RI, B X oduiEN (AT, &) ICB 13 5 CLT D ftfaid] o Bfissitto o
Twb, 22T, 2EBLXCENICETS CLT 2FIH L 2@ o 2015 CFRK 27) FE
£ 02019 (HHUL) FEE TORTHOHSEF Fig. 1.41C, 2020 (5f12) £ 7 HRRHICE
J5ENICE T B CLT A L -y GERREEH, WML LCoffb &) o—
% % Table 1.1 12, BN D CLT #FE 0 f % Fig. 1.5 1IC/R3 2, BNICE T 5 CLT ORGELE
DRAIRIE 2016 CFRK 28) 4, AR RELEZ 4~ OBE)IE 2019 (HF1T) £THH 29,
M & i d 5 L AR AHI OB A3 D T A ITEN =D DD, CLT ZFIH L 72BN 5y
122017 CFAEL29) FRELARE, WidfEmicH 5 (Fig. 1.4),



¥ 72, Table 1.1 IO/RTEEYICHEH S L2 CLT X, —HoflCEER Y GEMA )
CLT #ffHHL T3 b DD, 3L A LIEH T~V (Larix kaempferi)d X ' + N~ (4bies
sachalinensis)CLT ZfEF L T\ %, 2016 (PR 28) FICHIE & 7z CLT o&EHERREE (FHR
BER 5625 18, EREER 10245 19) Tid, 2X (Cryptomeriajaponica) CLT X V155
NI BRT — & 2729 % R— ZCKHMEESRUE S N, 2 D7e®, AFICHATHIE 8
EoEwh 7~y EXUOE Py OIS > Tld, BIFEORMEZ KL X 27238525 L
K WHAD 57Tz, £ T, JEE CLT #ES S OFIE L ik L <, e R AT 7R
W - MERERS (LT, MPERERE) Zdiic, 2014 CERE 26) FELR, EEH I~V B

XM F=Y ZF\/= CLT OEHIRE 303%) B X N EWIRE 39492 o5 — 2 INERTbhb N,

an

2018 CFEK 30) FOEEHERE OUIE (EREER 1324 5 ) iLhzoTlE, 2T THDS
NRET — 2% KML, #7~YEBXWE F~Y CLT 24E U 7= JE Mg 2397 72 1c 3%
bt B4 72l 21, EREER 5625 1 I X 3 WIERE TR, T I oz Mb T
DAk AW O FEHERRE 12 0.9N/mm? & 72 > TW2D 728, FEREER 1324520 12 X 3 8UE
T, #T7=YH 12 Nmm? b+ F<=Y25 1.0 N'mm?, Z¥7250.9 Nmm? &% X 9 ic, fif
DEFEICHE L 2 R EAR T SNz (hd, A WRE OFEHEGE I3 ERR IR R —
FETHILNTND),

LR~z Xk 5ic, FROME»S, A7V BXUF F=Y CLT Z &8 7z[EE# CLT I
B3 2080 7 — 2 DINEISEA LD, KRECHRIETREFEL S, 20—2L LT, H
RE7 I Fou—Y vy 7 — (R0 2N, rolling shear) 1€ X > THlERZ XN 50K
BHRBEF N5,

CLT Z/KV#M OK - BMR7Za L) & LMY 2854, w5 ofliiFsmEIic o v
T3 2 EH B 528, FANY TOMAZEE L Z5E 13 msb g ABEE (out-of-
plane shear strength) 12\ C b FEliS 2 423 H 5 (Fig. 1.6), AT R & D AW T A
BT K, CLTIZEGEOMEZHE LCEREZHAEL TS (Fig.1.2), BEXED

ZiFiem =Y v T —EREL, A ABREORERERK L % 5 (Fig



1.7), TD7®, CLT OEIEAWREICO W THRGEES 2856, 7 IJou—) v rvT
—MEOIENEETH S LHE R ObND D, EHEHERMMERRELEZT7IFOu -V
7y T —EEICET 2 WmMERRENTH Y, T IFOMEEE B, T AKE) 2
H—) VYT —BEICOREREL W IR ORIEIE AT hTwawy (2.0),
¥ 72, CLT DOfish AWimiE X, FidL 7z X 5 icE 28y @ CLT I G2 & K & 7 fif
D o 7ZBRICEL 5728, BRMICEOREDOR AV THELZ D, A VICLo
THEAWEERED X S BT 20 Ic 2T REHTH 2 (3.1),

ZDIEA, CLT BEEOFEHIZ H 5 &, CLT 2L L L EFe LCHEAT 26D %\
(Fig. 1.5), BEERAE R 14465 2 IC B 2 REBEEMEIOREFHEIC BTk, 20X d
RHERED B XN 2R TEERE T C oA MUE L 254, ESLEIC X B A
(BEEMWAYE) OMGEEEITY T & 2K T w3, (ES{LAEEA CLT OEsh- A WHRE
MIEZRRIC D X D g 52 5 D% Wd L lIIERE 1P e, RAEBHETH 5
(4.1),

7iFou—Y) v 7y T e AWRE D 2R O, EEEOFHEICE VT
b L 5, CLT BEEMEICH 3720, BERSOMELTHET 2 & IMEEHO
ECHEHETH L, EEMO JASY KBTI, EERIEANIHE &5 X5 TR O/N
KB 2 8U0E L, JEMEABRE (LIT, 7 vy 7 ¢ AR I X - TS AR
FEE X OAREBMR (RIER) 25HET 2 2 L 2AHE STV 2, JAS3079'7 ICEBEWT D,
R & FIRRIC 70 v 7 AWTEABRIC X B BEE TERED ATk 0 ST 228, CLT EXJE
OEAEH (BEREAR) OFHiics» CERBh e —) v 7'y 7 —i#x 235 2 L
%, BEEOEHCHEL R b %\ (Fig. 1.8), ZD72%, BHITD JAS3079'” T
RERBICOWTIRAREED A% IR E LCTH Y, &S DML 2 @Y1 3l %

5, =Y vy T —OREEMATHE S AVBEBINEDREVF-nTw3 (5.1),



1.2 AKX DR

el ~72ER (1) 22, KT, “BERXE7 IFor—0 vy 7 i
&), CLT IFrE oBRICE S %Y T, CLT Dk AWiEE & & ¢ AWmaeE B3
ZERBN T — 2L L ER2To T2, 72, WIS ABITEEICEE T 2 BB OV T,
JEPE CLT HEe /78t 20 O P CHRAILASRTRINE AT~V B XU F=Y CLT % F 45
R Lize LATIC, HB2EUBOANFICOWTHIE 2T,

FoEE Ty, FEAEEHER 48 (v /¥ (Chamaecyparis obtusa), 51 7<=, A¥,
FE=Y) o7 IFIiconT, WifiTiks X OKRIRY, REGiEEHKE—-LzET, =1
vy T —EE ORI R T o 72, 72, ERORE T B L 2 RBREEHEL
BKERR =Y v I T —REICE 2 2 BICOWTREEL 2, ZDIEh, ATV B X
OCFF=Y07 IFiconTi, ENICEIT 2 —RIEBEED 7 I FIiconTda—
Vv 7y T —iREEREIE L7z,

FIBBIUHEA4ETIE, 77~V BLUE F~Y CLT #0RIC, ERY A4 X0 BRIA
IC X 2N AW QR 21T o 72, 5 3 ET, MBTEPA N VEFICL o TEA
WIBREE DS & D X 5 I L d 2 2 EBIICHH O 2 ic T2 L L b i, 5 2 EOEBIVES

Ni=ho7<~vEXUNr N~y Z723IFou—-) v /o7 —imELoKE{To7-, & 4 ET

Eﬁ

i3, EES I X A ABTRE S CORER TS 205, HEEES X VERE S
I DHUIREDBISE & ff & TRREE L 72,

95 BT, CLT BB ICH T 28 AWRE IC B %224 Tz, JAS3079') ICHLUE X
nNTws7zay 7 /WEERIc X o CERFoEE - AWNIEEZ M oL & bic, v—
Vv 7y T —oRA WA RS (N7 10 2 RHET I L 45 BT 7= 7 a v 2
HAWEASR, BEREORLT V) X 2FHIiZ T, S b h b F DAL S TR E S i
TEEE D& IC D\ CHREE L 72,

FOHETIE, F2HEIOLESECTNELLET — 2%k LE, £/, BoniT—%2%

BUTOENBISEICED b T 2 FEHERLHBRTE L AL, REB X TREZT -7,



Direction of lamination

Element
Parallel é Perpendicular

Lamina . _ CLT
Typical thickness : 30 mm Glued laminated timber (Cross Laminated Timber)

R

Veneer LVL
Typical thickness : 3mm (Laminated Veneer Lumber) Plywood

Fig. 1.1. Overview of CLT (Cross Laminated Timber).
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Fig. 1.2. Definitions of “layer” and “ply” in CLT®.
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Fig. 1.3. Typical layer compositions of CLT®.
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Fig. 1.4. Transition of the number of buildings with CLT in Japan and Hokkaido?.

Note: Including partial use.



Table 1.1. List of buildings with CLT in Hokkaido (2015.3 - 2020.7) 2.

Used part
Municipality Puropose of the building Structural material Part of Interior Quar;tity Completion
2nd Floor structural X (m’) date
Floor Ceiling Roof Wall matelial material
Sapporo Temporary store O O - O - - 34.8 2015.3
Kitami Training facility O O O - - 74.7 2015.3
Hokuto Meeting facility - - - - - O 8.2 2017.7
Nayoro Dormitory - - - - O - 3.5 2018.11
Tobetsu Town hall - - - - O - 4.0 2018.11
Kushiro Public toilet - - - - - O 0.6 2018.3
Shiriuchi Dormitory / Training facility - - - O - - 51.7 2018.3
Kitami Office - - O O - - 103.2 2019.12
Asahikawa Experimental building O - O O - 64.3 2019.3
Oketo Meeting facility - - - - - O 8.0 2019.3
Ashyoro Nursing home - - - - - @] 53 2019.3
Sapporo Office - - - - O - 32 2019.4
Sapporo University / Multipurpose facility - - - - - O 0.8 2019.9
Asahikawa Multipurpose facility - - - - O - 10.0 2019.9
Niki Office / Garage - - - - O - 4.9 2020.12
Shibetsu Office - O O O - - 152.4 2020.2
Shiraoi Restaurant - - - - O - 37.0 2020.2
Shiraoi Roof of park - O O - - 15.4 2020.3
Shiraoi Roof of park - O O - - 9.2 2020.3
Nayoro Nursery school / Meeting facility - - - - O - 158.0 2020.3
Kitami Smoking booth o} o o - - 49 2020.4
Kitami Smoking booth O O O - - 2.6 2020.4
Tobetsu Evacuation hut - - O O - - 10.1 2020.7




CLT wnlh Japanese larch
CLT with Sakhalin fir

) '!,'E‘ Agﬁk

]1‘

Office (2020) § e

Fig. 1.5. Examples of buildings with CLT in Hokkaido.

Note: The left side show the exterior of the building and the right side show the interior.
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Out-of-plane

| For horizontal member |

@g@@

Out-of-plane bending
In-plane direction
Out-of-plane shear

A
/
7 In-plane bending

In-plane shear

Horizontal load

g3

A g

Vertical load g ‘

Compressive

Tensile

-

Fig. 1.6. Various stresses on horizontal and vertical CLT elements*?.
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8 L
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Fig. 1.7. Rolling shear failure of cross layer laminae under out-of-plane shear deformation

(Japanese larch CLT).
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Japanese larch Sakhalin fir

Fig. 1.8. Rolling shear failure of block shear test specimens (JAS3079'7).
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FoE EHEIIFOu—-)VILT —HRE
21 73Fou—)vry7—MEICET 5 EOHE

CLT (A AWERERREIC, ERE T IFon—0 v 7y 7 —3ERIRN L 725729
EAEAWIEEIL 7 IFor—Y v 7o T —BEICKRERET L HELALNDE O, m—
Vv YT —MEARHICHES 5k, BERABRIC X oTe— ) vy T —IRE R EE
MICHlET 2 0D H 5, =) v o7 —3FAERRETRISHMONEZEHRTHY 7,
Ao BEAREMEUE (AT, ARD JAS) * TidfitsiRic X 2 He& & AWEdsiic X - C,
Hiow—Y vy 7 —EoFfinmin s (Fig.21), L»L, 7IF0u—Y
vy T =R BRICBI L Tid, JAS3079'7 7 & O ENHELE TR EABIE I N TE S T,
EWicE T 23 BapiE% < 72w,

73itou—) v 7y T —mEOHEESEL LT, EN16351') TlX 383 774 ® CLT
FHOEfM o - v 7y 7 —SEBESHE S LT3 (Fig. 2.2), 2 ORBTEIC X
ZEEHID B B, FHRRAESSLE L 5729, EN16351'" IC 1) 2 ik ~TikE S
B, ABAIET RIS Y L, WEGEICH LT 14 FEET T 2060 05 2%
Ve, LAL, ZhbolEicsnT, B0 R X E 250~300mm BRETH Y (b,
EN16351'"V iIc B Wi, #BRAD R X IFHBRAIEL anl4°TRLZ2fEE L TWw3), win
DERE 7 IF B 3IKMBREE TN TS, Wang b 2 (X EN16351'V ICHEL 72 3ABRIC 350 C,

ERJE 7 I FEo%ERe, RIEEEEOERICL ST, Bohdn—) vy T -k
BARZZLEWELTCNE, 207, UETHRNZ®ERIZT I Fiifkon—Y vy
T R FHE L T B L3S W,

ZiFHkon—Y v o7 —F e LTiE, MRTT IFERRD X ICEEL,
EN16351'V & [FRRIC T B 5 Ao L C 14 BEE U CHEME & & 2 5BRT 5D H 5 T AUIE N
Bk (EN4083) ICHIE X 41T\ 2 KM D MHETT 7] D & A W B 77 15 % MHE 16 28 75 19012 6
HL7zdDTHs (Fig.2.3), & ABEDRER T E IS (ASTMD2718%) Iic
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VoNTEY, HITRIDITRICK ZWHMEI S L\ 059, £72, THIHABL 72387
e LT, #iRoRb VISR D 7 I X 0 b EiaE oA v 726 960 2, e =
CHIEGEEIC X VAE T I S OBIEER X O DT 551k 2 hERINT WD,

EHNHE T, ERLzX T IFou—Y vy 7 —BERHET 2 BOBE I
R, RS 40 1%, GO JAS® KB A AN EZ SF I L2 EffER oo —
Vv 7T —BBEEERELTW D, MEODEEL 7275 E, EN408™ 75 & 0 bRiE
LELY, REME (B2 IR ORE 2D RV EERMNIOBIEDS HET
352l MM REE CEEMARET, BBREOEENRESTHL b, EHNICE
F 5K O DR THER Ty 5 6560,

Dhiciir7zX5ic, 2IFoua—=Y v 7o 7 —IcB3 2 BFEOMHEN TP 7 v,
RETTEDR LA > T 31320, BIE ICE W BN R OB RIEN TH 2567
%<, F7z, 7 IFHERPAKREY Lo ZHEBENST—I N Ty, TokY, &k
HICHBF 27— 2 e Hipllicligs 2 2 Lk TE v,

R OBEZ R L L5011, Ehrhart H 59 ORI E O $HEER] 2 flids X OVLEERT 4
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Fig. 2.1. Tensile shear test of plywood according to JAS*®,

Steel angle for load transmission

Friction free support

Fig. 2.2. Rolling shear test of cross laminated timber according to EN16351'D.
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U

Steel plate

Steel plate

Grain direction

i)

Steel plate
Steel plate

Apply mutatis mutandis
to cross layer of CLT

Fig. 2.3. Shear test of timber according to EN4083%.

Note: The left figure shows test for shear strength parallel to the grain (the original method), The right

figure shows test for rolling shear strength of laminae (apply mutatis mutandis).
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CLT panel

= ra k.
%% o0 wa/ C** . 87 mm
7 // 2 // e / V)¥- 295 mm
| //Q% — ///'%Qqéo Target lamina*

300 mm

Test pieces for measuring

Rolling shear specimen

moisture content

Fig. 2.4. Dimension of rolling shear specimens.

87 mm (b) 87 mm
> -
“ \“‘\ 107.5 mm
1
i ) Shear area
SlEA Sl |00 assas /. | (=b-h)
VE | i [ S
/] (h) 80 mm
// iy, Slit
«~ Sisssds A~
ol 107.5 mm
-— /A \‘1 \“
I J\
(Sltwidth 6 mm)

Note: *: The air-dried density of target laminae was determined before gluing the CLT panels.

Moisture content of target laminae was conditioned at the 20 °C and 65% RH before lamination.

**: Humidity controlled at 20 °C + 40%RH (A), 20 °C * 65%RH (B), and 20 °C - 80%RH(C).

Load direction

] Y

1 - 1

Displacement
/[ | transducer

Displacement
transducer

A / ’

- ‘ Slit

\ Lateral support

~—omn
A A ‘

Steel plates (Thickness =10 mm)
Inside : Teflon sheets (Thickness =1 mm)
*: Fixed with double-sided tape

Fig. 2.5. Set-up for the rolling shear specimen.
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Japanese larch Japanese cedar Japanese larch Sakhalin fir

I v \Y

Japanese cypress Sakhalin fir Japanese cypress Japanese cedar

Fig. 2.6. Examples of failure types of rolling shear specimens.
Note: (I) Cracks occurred along growth rings, (II) Cracks occurred along the adhesive layer, (III)
Cracks occurred across of growth rings, (IV) Splitting failures occurred at the parallel layers. (V) The

failure did not occur (Shear deformation was larger than slit width).
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Table 2.1. Results of rolling shear tests (2.2).

Air-dried density [kg/m’] Humidity Numberof — MC[%]  Rolling shear strength* [N/mm’] Failure type

Species - .. . .
Max. - Mean - Min. ~ conditions ~ specimens Mean SD  Max.-Mean-Min. SD I/I/I/NV/V
A 12 9.5 09 324 215 09 061 0/6/4/2/0
Japanese cypress 529 473 415 B 12 12.9 1.2 3.08 213 1.02 060 0/8/1/2/1
C 12 155 1.0 294 198 1.10 046 0/10/2/0/0
A 12 10.0 0.1 224 153 066 044 7/3/1/1/0
Japanese larch 686 534 419 B 12 12.9 0.1 205 157 081 031 1/7/2/2/0
C 12 16.1 0.2 1.84 140 106 019 2/8/1/1/0
A 14 8.9 0.1 229 116 065 044 2/5/5/2/0
Japanese cedar 384 313 234 B 14 1.1 0.1 .62 1.05 069 031 2/5/2/4/1
C 14 14.4 0.2 1.38 1.00 0.75 0.21 1/9/2/0/2
A 12 9.5 0.3 1.53 096 058 031 7/3/1/1/0
Sakhalin fir 405 345 303 B 12 11.8 04 163 115 092 022 1/7/2/2/0
C 12 15.4 0.3 136 1.11 094 0.14 0/8/3/1/0

Legend: MC: Moisture content, SD: Standard deviation, A * B - C: See in Fig. 2.4.
Note: * Mean and standard deviation of shear strength was calculated excluding results with failure

type IV and V (See in Fig. 2.6).
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4.0

Japanese cypress Japanese larch Japanese cedar Sakhalin fir

20 A

Rolling shear strength [N/mm?]

0.0

Fig. 2.7. Rolling shear strength on each moisture content.
Legends: A + B + C: Seein Fig.1, 4: Failure type I, @: Failure type II, A : Failure type III, O: Failure

type IV, <: Failure type V (See in Fig. 2.6) , — * Mean ( Calculated excluding failure types IV and

V), Dotted line: End-matched specimens.
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4.0

@ Japanese cypress

< Japanese larch
Japanese cypress

55 A Japanese cedar Y o= 0i01 1= 2.965
' OSakhalin fir ° R=0.452

- R
o

Rolling shear strength [N/mm?]

© 0
Japanese cedar AD O @) o 8 8
3=10.004 x - 0.253 N= 68 8
R2=0.303 O
10 4 . O ORe
- g
0 A
0 100 200 300 400 500 600 700 800

Air-dried density of laminae [kg/m?]

Fig. 2.8. Relationships between rolling shear strength and air-dried density.
Note: In this figure, the specimens with failure type IV and V are excluded. Air-dried density of

laminae was measured before bonding CLT.
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Q Load direction
Shear area el
=b X h=100x105 (mm?) ,—/b/—‘

100 mm
Ao
Displacement Displacement
105 mm transducer transducer
______ Teflon sheet / Teflon sheet
[T 13 AERA|
______ Lateral support Lateral support
Slit:6 mm

Fig. 2.9. Set-up for the rolling shear specimen with one slit.

Japanese larch

Sakhalin fir

Fig. 2.10. Examples of failure types of the rolling shear specimens with one slit.
Legend: (I) Cracks occurred along growth rings, (II) Cracks occurred along the adhesive layer, (III)

Cracks occurred across of growth rings.
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Table 2.2. Results of rolling shear test using specimens with one slit.

Air-dried density(kg/m’]  Number of ~ MCL%J  Rolling shear strength [N/mm’] ~ Failure type

Species .
Mean SD Specimens  nfean  SD Max.-Mean-Min. SD 1/1/10
Japanese larch 511 20 20 9.3 0.2 2.48 1.87 1.09 0.32 9/5/6
Sakhalin fir 382 16 20 9.3 0.2 1.64 1.18 0.84 0.22 4/14/2

Legend: MC: Mean of moisture content.

3.0 1
Z
= o 0
20 - 00
g o b 8- @
5 %o
5 ®» "o .
e
EIRUE e C%
2
3
~
0.0 } t } t } }

Angle(degree)

Fig. 2.11. Relationships between rolling shear strength and angle of annual rings to cut surface.
Legend: @: Japanese larch, O: Sakhalin fir, Broken line (a): Mean rolling shear strength of Japanese

larch, Broken line (b): Mean rolling shear strength of Sakhalin fir
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BOEWICE VRSN HEE-CIHEBIPRICERND S Z L2VAF CLTS6 PA¥ -t )/
F SR CLTS It T I hTwns,

¥, JAS3079'7 i X % CLT Ol #llE GABR A ¥V 23 v o 21 5L 72 5 35555 4
SATERE) BRckwT, BEPEBKIC X > CRIIFEcR A ERBOu —) vy
T —EIC X 2R AMTEEN A U2 L oG 5 3032348 2 iz, CLT DA
Wi o FE 22 IR IS 72 - TIE, JAS3079'7 I X 2 ¢ AWER GRERR < v =20
545 KO BRVEABMAANY T CORASLETH 5, —MICHEERE 13- HEM R %2 Z T
LT ERHOLNTEY 0, FERI A XDEM O AKEHEBRICO T, /FonsmEe

F AW HBER S 28O (€ AWHE) & OBERICOWT, B CERM R & Tl
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X NTWD 99, CLT IKBWTiE, AR SV A —E DT CliEER3% I
L AWTREAME T § 2 & OGS B 5 A3 3033367795 28 iCEH L 26l IEH e
<, 33774 CLT ZH\W7z#E % &, EN16351') OFIE A ¥ X 2T & & AW
RERD LB 95 23 2 DA TH B

¥/, BALL WX, AT~V BXIUE Py CLT ofiiFEEics e, wiME7 1
D RIE B X CHNITIRE D &, EREER 625 W ics ) 2 BEAEHuilinifE &
5 &R EBRICHEEL TWw 22, HAAEAWNEEIC O W I ERRR (Fhbb, 73
Fou—Y v 7y —i8E) »OMEEHEST 2 ERELI N TEL T, FAERCE:
THEBRMICRkD ZEE2SB LT, 0= v 7y 7 =@ 5 mike A WiRE o fEE
A flE LT, e xiE, MEs 40 283a—Y v 7o 7 —iEE e JAS3079') TR L
LR AWEREZ, Li*Y bu—) v 7y 7 —iE L EN163511D TS 5 1 5 4 A WiaE % Z
NENHELL 7207 EA35 5 28, Bitgihi (JAS3079'” 5 X UF EN16351'0) & (357 23

BT RPN v TR O LT fE & D HIEBHIE 7R,
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32. A7=VBLU F=Y CLT OEsE A Wi ER
321 WHREOHE

AFECiE, SHBROMALARTFRENE A7~V BLUE F~Y CLT IZ2WT, FEAM
IC X BTSN AWIEEERER 2 1T 5 720 CLT 1%, AFEHM (R, B ~if3 2o
7B CH 2 S5 774 L L,

A AWIEEE I B3 2 BEEOWIgE 3.) %2 E x, R 2Bk L slBiA v 3%
E L% AT o 7o BABRTi5 1L, CLT Difishg AWEAERIC 5T, EHNTOEKE1S W
REFREES X WO 4 mfTEEE L, BB oY v, RO EEEIC O W T,
JAS3079'7 ICHIE I N TV 2 ANV &L 6 5&ff, WNIR 4 ffTEEICE VT 5 &%
BE L 72,

T, WBICKVBEONLESNEAMIEEE, 28 23) KBTI T7v VB LU
Fwvowu—Yvre7—@mEe gL, m#EORERICOWTREEL 7,

322 #HEEE X UEBTE
3221 HEEORE

ARERAIITHIRD STE 5 77 4 CLT S AV X DV IRELL 72, 7 7 =Y CLT D ARIEK I JAS
TR O SR Mx120 (FE MI120B, MNJE M90B), F K~V CLT O %Hi#nix
Mx90 (M M90B, MNJE M60B) & L7z, CLT ICfEF L T3 7 I F oW ~HkIZE S 30
mmx[i§ 105 mm T, 2% (23) BT 37 IS LA—DOWHETETH 2, fHhE (FE
M7 4 vH—=Yadvt) BXOEBICHCEERIRKERS T4 Y T 42— b RS
Al (APD T, 7 IFDORIIEEEILL Tk, ABRKROWITHNE IZE T 150 mmxIfiE 300
mm &L, WENbIE T I T DfkiEST A 2 5B O M R & AT & 7 2 sl Ak &
L7z,

3222 TANWTEERER
o AWEER (BAF, & AWEER) (3, RSk & o 4 STERIC X 0 AT

572, Fig. 3.1 Kl EEDOHEAN B L E— A v FHET AWK ZRT,
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KETIE, Fig.3.1ICH T2 Ls B AWM RNV EEFRL 7245, WXTR 4 S EIC B!
BAMFAANS VIO TDOER, BRICIHTEEZET 2720, 3223 ICTHIET 5,

B AW RS FFRRERFTERICE O TIEAB ANV B3 OSALE) @ 2.5~5
fii (375~750mm) & 7% % #iPHC 6 5efl, WOHR 4 MU EIEIC O W Tk AW RS Y H3bf
WD 3~581f (450~870 mm) & 7x % HiPH T 5 RMEE L 7.

BRI FERAM B ((bR) BURMBSSLETEL,  fF AR 200kN) 2 FVCiTw, »wi
N FAT DI HEFEA, MIEE L 3~4 mm/min & L7, 200 HEIE SIEER
BADKH & L7z, BHEOWHIZR TR, M e ERDOE X% &b 2 H105% 178 757985
M, KETHHBEOHRET (200 mm) ICHDE, MEATOMERE S 3254 L b
200 mm & U7z, sABRIE IR B MR B T oA TV, BBRER ICRIEIRIE F X Y AKERMIE
AR A Z YD L, 2iaikic X0 BN EKREZ KD 72,

3223 VAWV OERE
WO 4 SATEEIE RC ROMRICEWTEL X VAL TE Y, Z oo AR
2NV DER, BRIIEBL W20, UTICHET 3,

WX 4 RMTEEOELEHE TH S, Wl - KoL, FREEIC S W T AWRE A
Ko RICHHT 25X (Fig.3.11C5F 2 Ls) #BAMW RNV EERL, ThEPEM
T olkt, MbEAMR VLR T AR ZHEE 3 2 FERX 28 & H L 7z 98100,
Z oW, FINE, HMREER RO B A oSV a2 I L O L 72 B R
AR 4 FATEE X D EH L 2 AWREHEER &L DBAEAR W L DMAEL T3, 20D
%, I, coRAWEREHERICE T2 EAMA Vi 2MQ M RKE—X V }
Q:AEAW ) IHYTZZLrs, Wb AWmEMHTEREZ MQ 22K LT3
HEERA~LIERT 2 2 L2 REL 72 100, DR, I DfRFICEDE, HAKR XV D
EFEE [HFE—2v b2 020 M TR 2EHE], IS M/Q & L CRERERDHEE K
FEZHE L T 5 102109,

RETIIZOBIEOHRNZHE L, CAMBENRK» D —MRICHM T 25 XE Ls=2
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M/Q) %AW ANy LERL CTEAWBERR RO BB L UEE 21T L, MQ %
FAMWTARN Y & LTI L SR OB RS ATz,
3224 HAMILHEOFHE

CLT Difnsht AWimEE (LT, &AWHTRE) icowT, JAS3079% i3\ CTldH—Wim
ELTEREL Tw 323, AFETIE CLT HRai®E © CLT »¥ A v DG EEEHR T i3% 109 1l
h, wAMREOREE 3.1) XXV iTo7,

r=f-2 G

o (4L & AWBRENmMmM?), g ISHESHRE, 0 £ AMIN), b sABRAE
(mm), A RERAKE S (mm)

kb, ISHESRE LI (32) Kbk 7z,

bR{E;(x?-x2)+XT, Ej(x?-x2 ;)
'g: { 21E1+1 J 1 } (3.2)

x : CLT Hizih2 & ¢ AWIG T 2 ko 2 (i & COMERE, it x MIiET %7 IFD CLT H
Sl HRA T TR, m o RAVE T I F O CLTHAHh A DA 72 %8, x,: nBFHDO T 17
O L2 CLT izl coffft, E,: nFHHD 7 I F 0¥ v 77K

B ABIEES AR OFEIC D W TIE, WES O 25F I L TEREOY v /K%
0 & LTIro7, Fig. 3.2 1C, CLT Wi D& AMIGHESD A X — P &Rd, FHEOHRE
BRIy, darllicorABISHESMRE 13, 77~V CLT WEZ7IFov v rE%x
12.0 kN/mm2, WHEZ IF0Y v 7% 6.0 kN/mm2& L CEH8) T 1.256, F K~ CLT
GEZ7 270X v 7EE 9.0 kNmm2, WNETZ IF0Y v 7# % 6.0 kNmm2& L TEHR)
T1267 Loz, $7-, BRE QEHBXC4EH) KB 3 p1dH 7~ CLT T1.218,
F F~=Y CLT T 1.216 &7 -7z (Fig.3.2), CLT O AWHERE R EREOWIECIRE I D
CLHUET 2 L, ERBIMEATZICHERZRABICHEOHRICRAT2E2bTE?
23, KREICBWTIEME DEMENIC 3~4NRETH 2 L 2iE 2, WA TORAD

JCEEE p & LTERAL 72,
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323 HEBHER

BEMIT BT 22 ABERERAE R % Table 3.1 10”8 T, RBAEPEAM RN VIZL->TH
YDFEEBH LD, +F=Y CLT DX AKITREIX A 7 <Y CLT O AW O 70% R
D% R L7z,

v e eh i ER IC 3 ) B T B AR % Fig. 3.3 1C, ORI 4 SfTEKICEH T B MEA
fZf# % Fig.3.4 ICR 3, /1 7= CLT ilBRADWIER % Fig.3.51C, T+ = CLT Dbk
RO % Fig. 3.6 IC/R T,

PR ERICE WL, 7 7<=V CLT I, HAMR Y 2347 L 750mm (5h)
iz 5 L WM iR IC AT L (Fig. 3.5, B), N 258E b KRE (KT T 5 2 & AR
Iz, BAWIA NV 23 375~675mm (2.5h~4.5h) OHFFHTIX, KF:0RBRAT, RAH
BRICEREOr =) v 7'y 7 — %5 ¢ AWBEL R L7z (Fig. 3.5, S). A EEFIC
B MEE %2R L7238/ R TH - Td, FrE-ZA7dh# (Fig. 3.3) & MEEEF O IR o Ak 2>
b, BREDOr—Y vy T —IC X 28 AWMEE (LT, AR dHHTL AL T
W3 ZEPEREN (Fig.3.5,SB), F F~Y CLT (&8 AW A X v I\ T8 A Wik
#mL7= (Fig. 3.6,9),

W 4 SFEEICE W CE, WS b Ic 2 AR 2NV IC B W TR KRR EREICEA
Witz /R L 7= (Fig. 3.5 3 X U Fig. 3.6, S). L2~ L, E-Zf7ihfR (Fig. 3.4) ICEHT
2L, WS b IcE WAV 750 mm (5h) R S L IRAKFEHKO ' — 2 fH23
Wic 7z v, frE-ZEA RO RN 2 Z L BAER T iz,

H—Y T —WIELZERE T I FOWIRICER T 5L, #77 <Y CLT TIIHIER
DEICHE AP ERRICIH > TAELoicx L (Fig. 3.5), F K=Y CLT <Tl3fEEmic

ho RS % Ao (Fig.3.6). 2hE, v—Y v 2y 7 —RBoftE (F2mE)

ICB T B & FFETH - 7,
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324 EE
3241 HBEAEORE

Hoe SR TR I K 22 AWRAER T IE, MR L iIc B L CRAMERICH U RIEL RS
A3 %\ 2 & HHT AT B 86105100 & LWIEIEDE LP T W CLTICB W ThH, A¥B X
Ot/ * CLT CTlE—# 0BRSS RAFMEBERICHTHBEZ RS L rREINT w5
757680, RECTOMGEICE TS, HRERHEETIE, #7 <Y CLT iKW T—H D
BRiA CIROAIMTERFICH FBIEAZ R L, CAM R Sy 24 7a D 750 mm (5h) %z %
&AM ICIT S 2 e R & N, 275 L, P F=Y CLT iIC2 W TldH AW A
XV 750 mm (Sh) DWFRTHEAMBIEL T, MTBEICHITS 2 X% v (3 6iE

CEXoTERZZ PRI NT,

MR 4 SRR ICE VT, BRI SVICBD b 2T OB R AME
FRICE AW Z R L CTwd Z e, BEBRFICE AR ZETL TEL I E 2 IR
KEFTE— X v P& 2PRECTE 2000 4 HESEOHTBERTH 5 Z L BRI T,
3242 HABIR NV ORE

Fig. 3.7 IC&KHETEIC B T 22 AW L & AW R 3V L DBIRZ IR T %,

RC BOFKFHIHEL T, @05 4 mfTEEICE T 2 AMIXE (Ls) % M/Q & L7=8H
(3.2.2.3), Fl—D® AW RS VICH T 2 AWHRE OME IS 4 SATEEDIT 5 K<
Y, THEHTESDRF CLT KB T G LAk L 7o 7z 75707997, 7272 L, & AWK
R Rl 0 vEIn) OIS, MM E E— AV b2 0 17 B0E & DREIC
L2 &zfHEL TS RCELIZEZRD 19, CLT D¥jfid Fig. 3.5 5 X U Fig. 3.6 ICR
LHCERET IFon—0 v 7o 7 —HEIMNEEIC—RICELTwDE, &5 Lk
BEPICEDE, S AMXEIZ— R DRKICHMT 2 A8V g AW RN Ls=2M/Q
L UCHiffEREZ KT 2 L, CAMRA Y DR X BE—0GE, hRERFELCES
N5 AL X, WRFHERICIVEONIHEL ) BECFHAICS S 2 LIRS Nz,

rho S dh R ER R (LSNP 4 ETERE & T, AW RSV HICBWTCHIIFE— X v P A3
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KRELEHLTHY (Fig.3.1), ZOI EAFBRICHELTWEEEZLND,

Fig. 3.7 DXthic, & AKIRE L &AM 25y & offR 2 RTERR 2R+, EERRI,
& AW AS AT & 7 (0P 2 HIPHN (RREERREE Tl 7 <Y CLT 28 Ls=2.5~
4.5h, b F=Y CLT 2% Ls=2.5~5h, AR 4 s sk CIEmiBifE e 1C Ls=3~5.8h1) IC
BT, RFANTH > CTEAWRES —EMICIERT 2TV E L, etz ) —v 7
F R version 4.1.09% F W CIFIER/N ZIRIZIC X VR 72, I oRBTik, F -
CBWTH, TAW AN YR 7 21> T AWBRE 2508 3 2 HF 28BS 7z,
Rammer 5 135 5 X OCERM I oW, ABIHE GURAIEE ¢ AW 2 v & Dff)
DR T 2 1o TR S AL 58 AWTBEE AN 3~ 2 i 2 8 LCs Y 0299, BT
W00, KECHELNZHEEDMR IS DR E FkoMEmZ R L 72, B, W
XS 4 S ERIC B TR, M b Iic e AR RS Y28 600 mm (4h) EABZ B & —EfH
IR DWWz, ZOL ZOfEIE, BTAMA NV 28450mm (3h) OHE LKL T, h T~
CLT Tt 70%, F F~Y CLT TiI 50%I3EDfliL 72y, HER kT 2L, P F~ey
CLT I3/ 7~V CLTD 65% |13 ¥ D% R LTz, 22T, fFonEHRALFE2E 23) T
Bonzn7~ryELUPr Fvyou—1) vy 7 —iEE (Table 2.2) %Itik3 2L, v
— ) vy T —iEE R EBR O EBCEDOME & i —3 L 72 (Fig. 3.7, Bifk@)Db). T74ab
L, AW ANV ERLST S E, AN ICEHN 2 ®BEL, 7IF 1 Rou—-) v
T IO A EB A A LN, ZDTLiE, FIFou—Y VLT —imERS
RO AW A VIO AWIREAHERE T 2 WREEZRR L T 2,

CLT L2V Tk, BADIRTEAZE A 2 BEICREAWEELS X IZ KT, WHE
BFEMREALNEVEOMELD Y, MO BFEAMA NSV NICHFET 2ERE 7 I+
DIBHAHEL T B ARENED S 2 LIEFIL T2 19, ZofEficihd &, AETELN
7= KB (Fig. 3.7) 2 &AL, HABAEEOREIREZAZThvdoLifEllah s,
2L, TAMIAANYHRFE—THoThH, BHEBERZNIASNVHNICEENE T I5D

WEIIEZ > T 3720, BAZEBERDO CLT 2o TR OMSBASVETH B, 77,
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7 IFRBREEE L GG, W ABBES PR 25 L OWED H 5720 SL10),

29 L7-BESRMFIC D ER T 284 E 0D 5,
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Three-point bending test Asymmetric four-point bending test

P
P 3PA | P/A
(200 mm) (200 mm) JL JL
(150 mm) " — |
IE : :i i]l IEI T s T [ |i E.Il |E| T, s s T |;|i
; I T : } L I I } I I I 11 I I Iy I ; I ; :y I I ; T I I 1T I 1T IY I J| I ; I {
“« —_— Displacememﬂ — <= Displacement ﬂ | VAN i
(300 ) | transducer i | 1 transducer | e ' B - :
mm I I . L L/ / !
s GL2) #Ls (=L72) | LB LsGLB) ,
: L N ‘ L )
. . . ] . — PLs/4 :
Bending moment diagram E\E/E i i i i
U bPLs ! | +PLs/A | | i
| . —P2 | . —P2 |
Shearing force diagram | +P/2 . +P/A +P/4 i

(
|
|

Fig. 3.1. Diagram of out-of-plane shear tests of CLT.

Legend: L: Length of specimens, P: Load, Ls. Shear span.

am @
150 E i
E i Parallel layer
120 : ;
— E Cross layer
L i
g ‘ Parallel layer
g 60
ﬁ Cross layer
30
Parallel layer
0 -
0 0.5 1 1.5

Coefficient of shear stress distribution (/)

Fig. 3.2. Coefficient of shear stress distribution in 5-layer 5-ply CLT cross section.

Legend: I: Japanese larch CLT (Mx120) = 1.256, Sakhalin fir CLT (Mx90) = 1.267,

II: Japanese larch CLT (Mx120) = 1.218, Sakhalin fir CLT (Mx90) = 1.216.
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Table 3.1. Results of shear tests of CLT.

Shear span ~ Number of Shear strength [N/mmzj C.V. Fracture mode

Species Load method [trm] specimens Mook Mean-Min (%] S/SB/B
375 (2.5h) 8 287 276 259 29 4/4/0
450 (3h) 4 213 203 18 59 0/4/0
vee-poit bening 525 (3.5h) 4 199 185 170 59 4/0/0
Japansse rch 600 (4h) 4 187 175 152 78 2/2/0
(Mx120) 675 (4.5h) 4 189 176 170 44 4/0/0
750 (5h) 4 152 132 108 119 0/0/4
MC:12.4% 450 (3h) 4 277 267 263 23 4/0/0
Density*: 523 kg/m’ . ' 525 (3.5h) 4 226 221 215 22 4/0/0
foﬁzﬁz&g 600 (4h) 4 210 194 181 53 4/0/0
750 (5h) 4 191 182 167 5.1 4/0/0
870 (5.8h) 4 193 183 174 37 4/0/0
375 (2.5h) 4 221 201 18 63 4/0/0
450 (3h) 4 162 157 148 33 4/0/0
_  525(3.5h) 4 141 136 129 33 4/0/0
Sakhalin i Three-point bending (@h) 4 123 120 113 35 4/0/0
(Mx90) 675 (4.5h) 4 119 114 109 44 4/0/0
750 (5h) 4 105 099 093 53 4/0/0
MC:10.3% 450 (3h) 4 227 217 203 40 4/0/0
Density*: 380 kg/n' . _ 525 (3.5h) 4 180 170 164 37 4/0/0
foz?;‘zﬁ“g‘::;;g 600 (4h) 4 143 139 135 22 4/0/0
750 (5h) 4 128 118 111 57 4/0/0
870 (5.8h) 4 122 118 115 27 4/0/0

Legend: C.V.: Coefficient of variation, /: Thickness of specimen, MC: Mean of moisture content,
S: Number of specimens which showed rolling shear failure, SB: Number of specimens which showed
bending and rolling shear failure, B: Number of specimens which showed bending failure, *: Mean

density of all specimens in this test.

43



Japanese larch CLT

Ls =375 mm (2.5h) Ls =450 mm (3h)
220

200
180
160
140
120
100
80
60
40
20
0

Ls =525 mm (3.5h) Ls =600 mm (44) Ls =675 mm (4.5h) Ls =750 mm (5h)

P [kN]

0 10 20 30 0 10 20 30 0 10 20 30
o [mm] 6 [mm]

Sakhalin fir CLT

Ls =375 mm (2.5h) Ls =450 mm (3h) Ls =525mm (3.5h)
220
200
180
160
140
120
100
80
60
40
20
0

Ls =600 mm (4h) Ls =675 mm (4.5h) Ls =750 mm (5h)

P [kN]

0 10 20 30 0 10 20 30 0

10 20 30 0 10 20 30 0
6 [mm)] 6 [mm]

10 20 30 0 10 20 30
6 [mm] 6 [mm]

6 [mm] o [mm]

Fig. 3.3. Load-displacement curves obtained from three-point bending tests.

Legend: Dashed line: The specimen showed bending failure at maximum load (Fig. 3.5, SB and B),

P: Maximum load, ¢: Displacement between fulcrums.
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Japanese larch CLT

Ls =450 mm (3h) Ls=525mm (3.5h)

Ls =600 mm (4/) Ls =750 mm (5h) Ls =870 mm (5.8h)
220
200
180
160
140
Z 120
= 100
&80
60
40
20
0
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
6 [mm] 6 [mm] 6 [mm] 6 [mm] 6 [mm]
Sakhalin fir CLT
Ls = 450 mm (3h) Ls =~ 525mm (3.51) Ls = 600 mm (4/1) Ls =750 mm (5h) Ls ~ 870 mm (5.8h)
220
200
180
160
140
'z 120
= 100
&80
60
40
20
0
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

6 [mm] 6 [mm] 6 [mm] 6 [mm] 6 [mm]

Fig. 3.4. Load-displacement curves obtained from asymmetric four-point bending tests.

Legend: P: Maximum load, J: Displacement between fulcrums.
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Three-point bending test

: -‘,, \

Rolling shear failure.

Ls=575 mm

B Beuding fuilure e ils

Ls=750 mm

Rolling shear failure e — Rolling shear failure

Fig. 3.5. Examples of fracture of Japanese larch CLT specimens.

Legend: S: The specimen which showed rolling shear failure, SB: The specimen which showed
bending and rolling shear failure, B: The specimen which showed bending failure.

Note: In the three-point bending test, several specimens showed bending failure at maximum load. All
specimens showed bending failure when Ls was 750 mm (5/). In the asymmetric four-point bending

test, all specimens showed rolling shear failure.
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Three-point bending test

Rolling shear failure

Ls =675 mm

Ls =600 mm Ls =870 mm

Fig. 3.6. Examples of fracture of Sakhalin fir CLT specimens.
Legend: S: The specimen which showed rolling shear failure.

Note: All specimens showed rolling shear failure.
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4.0

Three-point bending test Asymmetric four-point Asymmetric four-point
bending test bending test
(Ls=2M/Q) (Ls=M/Q)

3= exp(-0.016x+6.192)+1.746

3= exp(-0.011x+4.761)+1.802
@ = exp(-0.022v+4.761)+1.802

Z
=
B
=]
&
2
5]
o
=
175}
= exp(-0.009x+4.008)+1.132 v =exp(-0.018x+4.008)+1.132
= exp(-0.006x+2.387)+0.928
0o 3 (k) (5h) Bh)  @h) ) (3h)(4h)(5h)
o 250 500 750 1000 0 250 500 750 1000 0 250 500 750 1000

Shear span ( Ls ) [mm]

Fig. 3.7. Relationship between shear strength and shear span.

Legend: @: Japanese larch CLT (S*), @: Japanese larch CLT (SB*), A: Japanese larch CLT (B¥),
O: Sakhalin fir CLT (S*), Broken line (a): The mean rolling shear strength of Japanese larch obtained
from compression method (1.87 N/mm?, as shown in Table 2.2), Broken line (b): The mean rolling
shear strength of Sakhalin fir obtained from compression method (1.18 N/mm?, as shown in Table 2.2).

*. S, SB, B: See in Fig. 3.5 and Fig. 3.6.
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33 ¥i®
KETIZ, #7=YBLUOF F=Y CLT iIcoWwT, fEdidEks X O 4 S

BRI X o TEAMOEINE AWRBRE T 72, £72, TAWR S & pRERREEIC

BT 6 FefF, WO 4 SATEERICE VT S FIFRREL, TAMA Yy LEAWRE & ©

BIfRICOWTHIEE L 7z, AP IS, RECHRLNHMAZRT,

1) P F~=Y CLT O AWHRE X, Mk LT AMAANVICE o THEPDEIED 2
25, L THh I~y CLT D TERETH > 72,

2) /17~ CLT 1%, HRERFTEEICE O CEEREE 28 AN E R I R AVE o T s
BRL7ZD, b ANVORWES (AW A Y 1750 mm (5h)) ZFRVWC, #A
W S OFFT L CE U7z W0IR 4 SUTE RIS D W TR T o= AW R ¥ CIROKRS
HIRF I AMIEZ R L 72,

3) P F~=Y CLT iFMififEZE L $1C, SHERE L 22 TORAM A AN VITE T, KA
HIRF I AMIEZ R L 72,

4) HhREFFERICENT, # T~V CLT FRABR Ny 2347k e b 750mm (5h) %
B2 5 EHFBIICEIT Lz, — /T, FF=Y CLT ZFRA N VITEWTH & AT
Hian L, HRUMIEICHITS 2 AN 3BIEIC X o TERYH 5 2 L 2R I 7,

5) CLT O AWERICED %, Wk 4 sifEEOE AW RNy (Ls) &2 AW 23R
KHpD—EIb b A AVvE (=2M/Q) LEHLHA, FREFTROM L
4 RHERF XD /NI WEDE S N 2 EHFRD b7,

6) 17V, FFE=Y CLT &bic, HABTA NV BEL B ITHEVy, & A WIS 25 Hi
L—EfEIC IR A28 & fz, FRIC, WO 4 SfTEERIC s Wi, s
DICHAM RNV BRSBTS T, B AWMRE X —EMIC PR3 2 HR2R X
7z

E, HAMAANYRRGLZDIHECINHK T 2HIE, F2E (23) OFEHHMe - ~

s r—admcEonizy I Fou—) vy 7 —BE L R—%L 7,
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BT CLT oiHEffE (ERAET 1324 5 20) KhBnT, 73F0a—Y v 7y 7 —
MEEDEIZ, WO AWEEZ RO BEO T A -2 —L LTEIHINE DD, [H
G AR & OREAH T IR I TRy 1), L2 L, AEOEIY, 7IF0
0—Y Y7y T — RS SAEE D AW RS KD AT DS HETE © % 2 AREMEAVTRIE
Iz,
kb, AETEMEOBMREZIL 2% (Fig.3.7) Z/RL72H, ZHEsESTI74T
— M 7R T R D T I FEEA L CLT 2R e LizboThh, WEskE B
71, BEEPRLZ2GE, £ IF0RBIEEEETo 2G5OV TE, T—

£ DB L REALSLETH 5,

50



FazE RESUHEZTo2AT7=YBLOF F=Y CLT DENE ANERE

41 {EEL{CAE %17 o 7= CLT D38E IR 3 BEFE D%
4.1.1 BHEDOWIE S X UBRAETRICE T 3 BEENAEDORILTE

CLT 3ERE & VAT QUGG AR 2 2 &b, UHERER IS TE ICK % 72 & fT
BELDZEEZLNTEY 1010 BAL - R COREEAFIRE Fick T 5 CLT 0K
MM O A2 E L 256, HEROHMECHEEREFEcoBInNR &1L 22 hnid
2, chbld, FENAESHBEZBRLIE2LEZbNE20, RIVET I FOBEIC
KE ARGET 2 TR 39T~ T, Widhs X CHNEABTEE~ORENRKE W EE L
bz, ¥7z, F2ETRLALXIC, 7iF0ou—Y v o7 —MERICIE, BEED
FFICHIEMAE T 2 2 &b iz (Fig. 2.6 5 X U Fig. 2.10), #&E/ES X OEE
JELfE~DafEe =) v 7y T —EEOK T2 B2 b 5,

TRAES (CILER % T o 7o RE A M RO R I IC D T, FEE ML o K L FE B
D) ThHDHFAER 14465 2 1B B¢ (KEBEEMEI D) BEAMAMNOREEIC B
TRUEDR S 5, FEHEER 1446 5 2 TlX, MEOEKFICEH L 7= (RZEEREL,
Wit ER R, W IRREIEEREE) 100 U CRIES BTk GERE, BUEMEE, s
Hk) LALBREEASEUE X 1, WS OMREIRIFHED S0%LAEE b Z Lk b T
%, BRMICI, TR OLEIER LS X CENTELE | BT Ao 3 8iEo 5
HuFns/hE vy, WiiEEREOG&IIERES L OWENEEE 2 Bffeions
BIED 5 b nrvhEwy, ERRGHEREREOLEIIMBWEEREE 6 [TV S 72 4A
b, WEREEERDL L ELTWD,

F1E (1) TRz X 51T, 2016 CEAL 28) fFICA & - EREER 561 5 2D (C
£V, CLT 1 JAS3079"7 iy L 728 S LIS CcH - Th, HFKAER 1446 5 2 12 X 53
flilc X oC, feEREMEIL L CREREZIGTE 3L 51cko7, L2L, CLT ik

2 A SN 1446 5 20 1CH o 7= AT A O BEEGX, EiiEic Xk 3247~y CLT ©
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W LRI T X 2 LB CLT & "2 235 2 DA T, HERE TR 14465 22
ICHUE TN TV 2 2 TOEMHBRBEICHIG L 2GR 72 T TwZrwv, CLT Lo RE MR
ICBEWTH, HERALR 1446 5 2 1o G A OBGEEG XD 7 K, ART—% L
U CIRIEM 7 THEM 19 L RE TTBR W 183 201035 2 0ATH Y, »WINILBWTDH
R EEREE & MUE L (BRI OnEsHE 6 1) X FEME S T,

412 BEREESTICETIEAMALES X CERREOER

4.1.2.1 BEETAEDHER

e

1

NAEN 1446 5 2 BT 2 EAENAE OFIRICOWTIE, JAS3079'7 7% Lt [H

p=11}

NEIE L PR 5720, UTICHiET %,

AN & (X BEM 2 BER g L2300, BBEINRABOBRERED 2 ik
REREREIC & b 2 S HLICH LTI 2 2R D 2 & TH Y 19, BEEMHAE O FHilERER 12
—HFMITHEIN TS DD TIRARW,

e ZIIAMIZEAN Y F Ty 7 10 7 Tk, JAS3079'7 LERM D JASY 7 & ORI
TED HNT B EEMREDO I ((RESH LI IC X 2 HEERE s X CHEICE T 2
a7 AWERER) @5 b, FrHCHIBERERE 1S L CEEAMAEORER R LCw 228, —
I i RES LR O BERE ORI % b o T, WEMAMOREE T2 2 L23% v, H
WHIIE T HNIEERD JAS® ICHUE T T 3 51EE AWRER (Fig. 2.1) 282 itz 3
WD, F 72, MO JASY Tk, HRETO T u v 78 AWEERD APBE I T BB,
IS 2R E S (LALER 1819 LERALREFR 19129 I KR FETH D Ty 7 AWEERIC X B
AR OFHE 2 Ty, BEEMAEDOFME L T2,

LaL, 2o 0FHliiER S & CYEM 2 GRS L 250 2B g e L,
BERD 2 I EEREOMILICEE 2B T3 DI L, BEEER 1446 5 2 ik
I B BEEMAME DOMGE" T, ERMIC X o TREREZAT S © &, MMERAE L T bR
KXo CRHiid 2 C e diid e NCw 3 (72720, ROk 12 Tl, TAME &

© 7z NS O TREERERIC X 23D AlREE L T\ %),
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Thabb, EREER 1446 5 2 0BT 2 BAM ARG X, (R L) &
SOMAEE WS X0 b, BEEHS%ED EMEEEROMAEDFHII L EX 20 kv
Eibhd,

4122 FRARREOEE

RSN 1446 5 2 C kT 2 R OERICOWTIE, JAS3079'" S EEM O
JAS® 7z Ui O EWNHG & LR s 720, UTICHET 5,

AR 1446 5 20T X B ERERHI <L, mHEERER (T - AW - AR &)
L RAMTEGRE (7 ) — IO ERRRRE]) o7 — 2 Dlgdc, 4101 TR L 72,
(EFEREE (FZMRBREE, WiktimiiBRss (KU 20 °C2°CH X UV 85%+5%), HFHEMEREE (K
I 20 °C£2°CH X T 95%+5%)) ICIG U 7z Bt AE ORGEES, &S 3 X O FIRAE
(BTt & 72 13 RS TEEREE, FKE 2 0 & 2 20K0E, BN & L 2 0R08) 1ok
F 2 HEHERE O (KIRR) 2K 3 2 e BHEINTWE, 22T, BRAER
1446 5 2 BT B EMREIE, WIS EERE (Fhbb, MEOEKE) iIcoRric
HEHLTHEIN TV Z LICHEET ILELRD 3,

JAS3079'7 I X ERM D JASY 1B WTd, 3 DDEMAERE (HHRE A~C) 2 HBUE
INTEHEY, TNETNOFRBFICEWTHEH T 28EFOBEPHEI LTV EH, i
b OMFBREX, AKEDIZD, WHEME, WAKME @EME, KEcO Wb HERL CE
D, FEREER 14465 2 BT 5 3 OO L MG L Tk,

Thabb, FEEREER 1446 5 2 I X 2 VEREAHl 2 #% T, FEEREEM B0 K EFE % B

FLEGAETH-TH, RERHNTHEEL T 2EE (GULEKIKIRE (Wit X OH IR

"y

M EREE), SRR 2 0 ORRE, DIRALELRAE) DAL OBREE (B 2 1F, s & 7Ze 5 BRI,

G

KSR IS R EERER RO O N BELR YY) KB T lEIIHEI N CEL T, 20
I RBEBECEVLWCRENNOFERAE His 354, (7 I FE0%413) JAS30797 ¥k X
UM D JASY 1B 2R A (KD A& E R EE % Rk 23856 13 AR

B) TR DONT W EEAIZ AT 28 E 1B LE2OND,
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42 REHCNEETo72h T~V B LU F=Y CLT OEE A WiEE
4.2.1 WHEOHE

CLT SRS AT 28554, T8 L ic E ARG 23R 7x 2 720, Riflo
EIC Y 72 > CREEFE S Z O FICAmBIE L2 EAbNS, LA LAERDD, CLT O
B A OBGEEGIE D 7 v, 2 2T, RETIEROEMSI G L 2EEN 7~
BLXUM F=Y CLT OFERHBAKICOWT, EFEEER 1446 5 2 ICHEIN TV 54T
DIEER I 24T\, JLERIC s A WS (AT, & AWEER) 1c X b sk
xR, HEAMMAMD Tl %17 5 72,

F7z, PR CIREFCLER D CLT DA CERE 7 I oAtk e8I L, oh
b & A A WIREE & DRAFR ZMREE L 72,
422 HEBEE L UEBRTE
4.2.2.1 FHERfEOHUE

T AWERERR X, 7T~V B XU R~ CLT DEEMEETHNZ HAY & L 72 BE 125120
ICCTHGE L 2 BRGS0 5472 2 7D CLT S A V2 LRI L 72, T 3 F DI (30 105
mm*/£ ¥ 30mm, CLT A VOFHRITSIES 774 (&3 150mm) & L, AN Z 7
7Y Tk Mx120 (JME M120B, MNfE M60B) , F F~> Tlk Mx90 (44fd M9OB, MJE
M60B) & L7z, #E&EAIIZENICEHE T CLT WHHAMICHH S N KkEES T4 VT
o= FRESA (APD &L, WREEEIL VARV, 2k, ABICHWZ CLT &
JAS3079'7 i3t o 7= EMERIBERER D ARG R, X CORMFCHAERE ¢ ofEr 2 )7
LTu 3 125120

AR AROBYEICH 72D, T FIEET FICHE 75 mm, £ 1000~1100 mm O ELZ Y] ) H
L, Y10 HL 7Rl dhiElEl 2> 5 i 75 mmx)E X 150 mmx& & 930 mm D & A Wik Biis 2 £%
WMU7, £z, REHUHEIC X 2BEEOMEEZ~ 270, 2AWRBEZTI HL
72 5% 0 DA S 75 mmxJE X 150 mmxI=R X 75 mm O FIFERER A & BRECL 72 SRR

Fo—77XERE7 I FICEEEHaAEENE L HCl, b —HIFREEHT»EE
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Nxawk 5Lz (Fig. 41), 7272L, b F~=Y CLT © 5 b, E#EICX 20U %7572
AR D —H8, WIEMEE 2 I X 2 0 21T o 725 BR IR O —HCldhiin D &0 b BfE L
720

BUE L 72 38R AR o FEA S & S URIAE0 % Table 4.1 1083,

¥, 17=Y CLTIX 20154 5 Hic, b P~ CLT iZ[F4E 7 HicdbEL, BN GRIE
JEABERELT) IS CRETR, S AWNRER RS X ORI % 2016 F 4 A2 5 5 Aich 1T
THIEL 72,
4222 {REH{LILHE

fEER LI X~ v F v 7 L fe 2 AWk & IR R 1o LIRIREIC AT o 72 (23S
LA IERRA SR 1446 5 2 IWHES w2 (1) Bk, () BEMEE, Q) m#t
WHIRICHERLL TfT o 72, AT IS B IC DWW CREH L, Fig. 4.2 ICFllE%, Fig.4.31C
SN DR T %R,

(1) ZibiEL, REtkz, O KR ICE VT 4 BRIEE, @#FRKT I VT 1R
RiE, QUUEERTEES FM 2 £ T 70 °C+3 °CTHEE 22, LEoO~@% 1 #4701 E
LT 1HsBIV 20T o7, B (@) 13FAAAMEZIEE HD74IHE, 177
7 v PRt i Tity, UHERTEEN T 0.9~1.0 & 7% % £ TR I 272,

(2) WEMEE L, Bk Z, O#EAKTICH VT 635 mmHg (=847 hPa) T 5 47
JE, @K FICENT 51229 N/em? (50.51 MPa) T 1 KEIIE, @UUEFTE R % FHEl 2
¥ TT70°CL3°CTHIRET ¢, UEoO~@% 1 A4 71 LT1HFBIO 20T 72, HZ2
B (®) BAERAAMIZEE s X ERERS (DF810, Y~ FRFEHRXAH) 2T
TV, WUERTERL T 09~1.0 L7 % F TR 27,

Bk A FA70BXC 234 70), BENEE QA4 7rBLT 23 42701) &
bic, WHEFTRICE AW OERE ZHIE L, UHATROEEE 2 UHFEE CRd
&, Wokic X aEERMNE (AT, EEENE) 2R &,

Bk X OREIMEHRICE T 280 () 122oWnWT, ERAERN 1446 5 2 Tl
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YA P~y F v 7 HBBEROERZ T2 ECTHBETIILLHEL TV, K&Eick
WCTEPA P~y F V7 ZfToTnhnke, fEEkoEE M UHATERIL 09~1.0 &4
2FT, LmHABA TN EITo7, $7z, EIES X CWEMEZEIE JAS3079'7 1 KIE
TNT B EPHEEEARR B X OB #IEEBR L L 72 BTk T b B 203, MlEEo#L
T (AL T NE OB [EE 7 &) IR 2800 Y, B 112 o R IC B
J BB L [Fl—TlE e\,

(3) fnEEHNEE, k%, D49 °C+2 Co/KH T 1 BiiRiE, @93 °C+3 °CD K%
KHc 3 HREEE, ®-12 °C+3 cCH 2R HIC 20 IHEHE, @99 °C+2 °COHZEEZERHIC 3
RFHIFHE, ©93 °C+3 °CDKZELAHIC 3 f[ElEFE, ©99 °C+2 CCOFZMEZEPIT 18 Hyfa]FhiE
T, UEOO~®% 1 4718 LT 6 [lfT- 72, KEAFHTOUE (@QF X UVG)
IFECIRERIALFE 0 °C, FZIRZESP COUE (DB L UO®) IFHIBBRIRAE A 47 °C (FZERILEL
99 °C+2 °C, HZIMBBKIREFE 47 CRED AT EKFE=1.5%) & L7z, KRS X Ozgzesih
TOUIR I3 FEA[AAMEZ R (HD74IE, v AT 75 v FHEREAH) X v, @~6
DILRIE 7 v 77 L8R X 0 HEGNICIT o 72, HANRRBEOER L, HAK~ORIEL
(D) D#T (wos i= 0~6), RELH (D) % (w), 1 BHOKESH~OHE (@)
% (W), HHEE (®) % (ws) WKHIE L7z, ¥4 74T 21T, wo~ws ZHEET 2 & wy
DBIROREDP o7z, £ZT, wo & woDEEAEZE wo THRL, &I A 7 ickT 2 EEHN
e Lz,

ks, HAMBEBREIC oW, BUHEEEE (v bo—u) ZHELR, REHL
LEER D 8 A WA S L O'a v b u—iE, 20°C - 65%RH T 2 7 HULEFREL, [H&E
IGEL 722 L AL 72, S AMRERZ T > 72,
4.2.2.3 HEEER

HEEAR cow T, BH LU oL itkIc, BEEEOMME I 2L, 28R
Ry 28028 L, HEEEE Lz, #EER X 0HE I, JAS3079'7 O FHli /7 i

ZFIC, BEEAKOHEE (FHEE < o fEts X BRSO BEERIEIC X FIEEL 7
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oy) ZFHEiONRE L, 3225 0.05 mm K CHBER X 28 3 mm KD b D FERILL
2o %K OREA T, EEERIO RO TOARIMIENT (AT, REA#RK) 28720

bz, HIEEL 72333 ITEHOVE (FA 7T A ), KFWoaEL2E8E L,
Bl & FURIABE 2RI L, FEARE ZRIEE L 272 & 725> 5 720 Fig. 4.4 ICHIHEIC 3517 2 S
(Fig. 4.4 (a), (c), (¢), Delamination) 3 X USLI AR (Fig. 4.4 (b), (¢), (d), (f), Shallow wood failure)
D% 7R3, Fig. 4.4 (a)~(d) iI~4 7 7 22 —7 (Dino-Lite AM4113, ANMO 1), (e), ()
ZEATE TEEMEE (SEM) (JSM-6510LA, HA®E IR A4, M#EEE 10 kv) ik -
T L7z DTH %,

¥, AFEICHTZRMABO X 5 2BRIE, CLT OHEEAEIC kT 2 MFEoMItIcs
WTHEEINTEY 127129, EARLIINEZFELREE L R L T 129, 7271, ik
BOC X o CTIHEEURIEE O ERICH T OMEDLR D 5 720, RETIIFHMAE & FEFRL 72,
4.22.4 ¥ ABERBREOBIE

fEHEL (LR % D & A WisdBR A D % Fig. 4.5 1T/~ 3, (EEL (LU % fiti L 72 ¢ A Wil
RCIE, AW ORI I, RIEE S SR (Fig. 4.5, DS) Offtic, BEEETf ici
B AT L =R oEIN A4 U7z (Fig. 4.5, WF), 22T, WF I, REABEEAD,
FATZT A MR TY, HEICTREBERZHELTE 28 hznRe LTwi,

H AWM OBIZRIC B WL, Ao L RAN (Fig. 4.5, DS), H&EEEF I
AR L TICAE L AR oEIN (Fig. 4.5, WF) 2 &bw T, 5 - KSBET L2,
et (UL % fits L 7= 3BRiA 2 bR, 2 AWk 2o 4 2 DEEEFICO W,
Bk - R oR S 2FHIIL, 2EGEoRI T IEMELRENL, 858 - K
T O FEEFR L Lz, ERIEZ IS oEIn (Fig. 4.5, CR) (3 FEHY 2 BE AT DI
DI HFEG LRV EEZOND O, RETEHFHIONREET, TEICX 25HKICE &
Wiz, ks, HEE - KON A BB OB (20 °C + 65%RH T O FEH%)

IZiT o 77,
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4225 & ABTEERER

& AWTEER T JAS3079'7 & ZF i R EBEHRTEIEIC X o TITW, SCrildliEEZ 5h (=
750mm) & L, JEROEKE X 150mm, XHORK I 130mm & Lz, ML, 4 v &b
m v RUGRREEAEREE (TENSION RTD2410, #hil&ttA ) = v 7 v 7, w— F2 AR 100kN)
ZHWTITY, I~y F OBERERE L 3 mm/min & L 7z,

& AW X 1 JAS3079'7 1l b, AT oX@. )bk 7,

r=¥%? (4.1)

2T, 1 BAMITERE, P KEE, b MiE h: v, 252, ab, €A
W LASR D & — F ol U 72 308 < b 20(1) X 0 Bl A WG & ko THEEFL 72,

& A WTREE DR IR R IZERE 5N 1446 5 2 1y, DITFoR@.2)» 6Kk 72,

Rz%ﬁ (4.2)

TTT, R:BEREE, . (OESCARE O AMIRE OFHHE, w3V Pa—
LD AWTEE DOVEEE T 5,

423 R
4231 HEERER S X e AWRBGEOBERER

FABREAFIC B 2 HBER OB % Fig. 4.6 1R, 7k, HEEABRA BRI E2E0
R &RV 2 HE L2220 (Fig. 4.1), HIEER OS2 @12 4 5 hr
otz @, WHOFIEE R L 72,

HibEB L OREMEE L IC, H A4 7V BOENIC X 2 HHE MR DT A LN
»otz, £, Thb XV ELNEHEEROMEIE, JAS3079'7 ICHUE X T v 2 IEME
HIBEABR TR o N H L R TH o 72 125120, MERENETH - T HHERIT S%LUAT T
HY, WIFhofitfis X OUETHICE T, HEERREKGKETH 572,

fEAES (LA 2 4T o 72 & A WradBi iR I 35 1 2 SBRAT O BT - KEFEMT O F64 3 % Fig.
4.7 18T, MEGEHNEZ 6 BT 728556, FIEERAMEOKHECTH > Td (Fig. 4.6), HE)E

WS DARFD ALK E D Z L ARSI NI,
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AERERTICE T 2 ERE 7 I F OBEEINOIRILZ Fig. 4.8 1T T, Bk, BEMEE
b, A ZABOBEMICECERE S 2 O ERREIN T 2 AR ST,
HHIE % 6 0T - 72 3Bk IC BV TiE, FLVEhOBMAA LR,

4232 wAWRBRER

& AWERBR IR DBIEG] % Fig. 4.9 108 T, WINDOEAFICENTH, FHIHTOMEL[FH
fRic, MBRAOBIBEEREREOr —Y v 7'y 7 —IC X 28 AWELR KRN TS Y
AW ILEZRE 7 X F ot (B s XOERT M) &, BERICiho <
AU 7, (REFHLUBRIC X - THIEZRES K& 2L T M IE A b N D o7z, —HD
BRI, BRARMERFICHTIIEEZ R L 7228, BERE O AOWIEEL A U % Fific il ik
CRINCIEEY TN NP (WA /el

AW OMER % Table4.2 5 X U Table43 TR T, 2V bu—AilET 5+ FeYo
MBI A F=Y D 7TEHRETHY, ZHIFE I ECELNABRLAKRTH -,
B & & 1C T DIEMESME L U (7x6 Sefh=42 &fF) xR e LT, Hiatfiry 7
k7 =7 R version 4.1.0%% ]\ 7 ZJCRCIE RN 21T > 720 % DFER, MGG & QL
MDA X 72> > 7= %72, Tukey-Kramer M Tl mifsifE & & 1ICJEMigMFIc X 2
BERALNRD -7 (p>0.05),

424 %
4.2.4.1 HRIC X ZEEMAME O T

WRIY, EHREMTOARESA NP 572720 (423.2), HBEREFERIETO
FER e DR BRI DIl & Ko 7o, HBHEIC B 1 25T % Fig. 4.10 ISR, 7
7= VICB T R RE, BRE, RN, IEGEEONEIC/NS WE L ko 72,
¥/, Bibikes X CRIEMEL L b, WHEEE O BN Wi o 72,
N VICE T SRR, EUNE SRR TRET R <, B REIE O HE i i
DR DIAMEIE A 7~ X OIS o7z,

B TR 1446 5 2 OESEMTATED FHIE ICHE - T, B SEREREIC 51T 258
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JERAFR 2 R® 2 &, W ks X CRIEMTEEZ 1 BfruSon 2 8fio 5> b
WENDNE W) TIEH T~ V05 84%, + F~r 2 83%, WikcidiERbE (Eihiks L O
WHEMMEEZ 2 TR N8I HD 5 b I nd/NE W) TlEA T~V H 77%, b F
< V9 80%, HRHBEEREE (NBWEHIEZ 6 BIfTWF o N8l <X, 777~V 2 64%,

FR=Y262% L T o7, EERE SN 1446 5 22 OFHIAEHE Tk, BHfEIC X 3 RERRTTE

4

DERIIIZIEHONED 0T, Tz, FEHEET 1446 5 2 OEAEMAEDFHEEELE <
IR RIFED S0% LA ETh 2 ek b TEs Y, RETHWZ CLT IZMiEE e b i
BAEFBREEIC 51 2 A SR 1446 5 2 R E 72T 2 L BAL 0 L o 7z,

4.2.4.2 HACHLERSTE O HE

Fig. 4.11 I, FifiEs X CRIEMEZEIC X 2 W % 1T o 72 0 & A WrikBiik o E =B i
KERT, WL HEE bIC, 4 7 A BROBIcthCEREINEA K E < 7 2 HAS A
bz, Tz, HEL Y DEIEMEE DT SRBIROEREME K E , A WEER
ICB T B ORI L, BHE XD BFEMEE O B3R E WHANICH - 72 (Fig.
410), THLDMHA XY, ES VLB QWK 13 A WHRE O KIRICEE 2 5 2 Tw 5
AlREMEDS B 5,

Fig. 4.12 1T, MNBGGEE % T o 12BR0 ¢ AWRERE O FHEEOZ L L, UHthOEE
B %2R 3, EmARIc B »Th, BihiEds X CREINEE & FERIC, PR D8
et o<, BoKic X 2 EEMEIRE S 2 HERBZERI N, =720, MEWHE
IC X AT, WS DIt IRICH R TR ANTERE S KRESETLAZD DD (Fig.
4.10), EV A4 7B T ZEERMNEIT 3~10%RETH Y, hEEIES X CREN
JERIC B 2 EERME L D EVWKHETH - 72 (Fig. 4.11), Eibiks X OCRIEEE 3
WK & BT X 2 I & 4 U X 2 5 2%, IR ORI AYIERICRE I NG,
LT, MEGENE T, WA RERE T CPiEKE=1.5%) CRIFMEEE S5
eIk Y RERIGHEARNZ T2 7ok, HEMEERICX > T2 2T 3 70

CADEENT OB, BIRBHIC R L7 CLT REEETERESE T 5 & ol 1 =,
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GAGRMECE R IC X 2 M OB T 23k B2 I Tsh, Bokic X2 EUIMC D,
ZH LT e xpEgEeRlostziEd - HRTH b LEZLND,

b, AETEEEAWRBAKEOEE, JAS3079'7 IED 5T % 300mm Tl <,
HERB R ICADE T 75 mm & L7223, SBRRD Y 4 XK Z WG ICL, RIES (LI
DI T AL-CHEME N FREMED B2 'V, F 72, EREAUIC X o TH SIEES LI
EDEERICG 2 2B IR b0 LE 2z bNE, RESLUBIC X 25282, ¥4 X
BLOBEBRDOENC Lo TED XS ICBET 2D, 57457 — 2 DIUE L RGEED
HThoreEz2bND,
4.2.4.3 FIBESER L BEREFER O K

FIEERE R X 0 5o Nz HEER (Fig. 4.6) & LKL T, AWK IC BT 255 -
AREBEEWT (Fig. 4.7) OFAERIKIBICE D - 72 HEEAERR & 2 AWk & < i3~Fik
W20 HEBEOHIZTE RV, Z0Z &, HEEESRIFTH-TH, RiESHL
I & 2 WHEARZE I X 0 BEETEEE D RE 39 L35 2 L 2R LT3, Fig 4.13 I8 AW
MREL & B - R o S AER OBIR R R T, Wil b, BERE - R o fE %
D3 OIRER IR IR, AWTRIE MK 7R B HAA AR SNz, TS IZEE N R B A &
HIRTNBIED, BIERIC>TELTHW2 2 h b (Fig 4.9), & AWEE KT X
3 —RicEoTnB EFEX LN,

7272 L, BEAENE - REEBEE I A b N a WK IC B W T D, S % 1T o 725
Btk o AWIREL 2 v b o — Lo FEfEE R 2HIIEE A EHONE ST (Fig
4.13), {RHESCEIC X b, BERE - RIS 012 2 ICERE 7 3 F ORUEI N O RN 28
H o (Fig. 4.8), & AWIERIIEEREORFLIMCDELTWE 2 L5 (Fig 4.9),
o oENE LWKE, ThROBERET IFou—Y vy T —EREL X2
FLLTWw3EbEZLN5,

DLEXb, #EEAARORMEEL v BB EITEO KBEs X ERE7 I Fodlne

Vo 72 RERD DS, A AWTRE DX T IS E 2 5 2 T 3 AlREES Rk S iz,
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¥, RETRBHEEFINICO W TERN ARG Z 1T > T\, BEE - RERIHT
DEI DFHAIL Twia /o, FELEENEL EOREMD L T2 D23 HTH
%, ¥72, avita—rIik2onTd, CLT 382 & HBRASE  CICiBEEFBRET
(422.0) CHREFINTW2®, ZOMICEPOENIAEL COAREER S 5, K

DHACIRIL L BREACT & OBfRIC DWW T, FEll AGEEAMETH 5,

62



Table 4.1. Adhesive conditions and number of specimens.

)

Adhesion Conditions Methods of accelerated deterioration treatment'
Species . ,. Control  Boiling  Boiling V.and P. V.and P. S.and F.
[JAS grade] ~ Pressing pressure [N/m ] [Leyele]l [2cycle] [1cycle] [2cycle] [6cycle]
/ Pressing time [min] NSZ) Ns/ NDZ) Ns/Np Ns/Np Ns/Np Ns/Np

0.7/40 3 3/6 3/6 3/6 3/6 3/6

0.7 /60 3 3/6 3/6 3/6 3/6 3/6

Japanese larch 0.8/60 3 3/6 3/6 3/6 3/6 3/6

[Mx120] 0.9/40 3 3/6 3/6 3/6 3/6 3/6

0.9/60 3 3/6 3/6 3/6 3/6 3/6

1.0/40 3 3/6 3/6 3/6 3/6 3/6

1.0/ 60 3 3/6 3/6 3/6 3/6 3/6

0.5/40 4 4/8 4/7 4/8 4/7 4/8

0.6 /40 4 4/7 4/7 4/8 4/7 4/8

. 0.7/30 4 4/8 4/7 4/8 4/7 4/8

?ﬁ‘xh;g?f“ 0.7/40 4 4/8  4/7  4/8  4/7T  4/8

0.8/30 4 4/8 4/7 4/8 4/7 4/8

0.8/40 4 4/8 4/7 4/8 4/7 4/8

0.9/40 4 4/8 4/7 4/8 4/7 4/8

Legend for : V. and P., vacuum and pressure method; S. and F., steaming and freezing method.

Legend for ?: Ns, number of specimens for shear test; Np, number of specimens for delamination test.
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Delamination test specimen Delamination test specimen
Including the boundary of lamina* without the boundary of lamina

H v Cutting Shear test specimen Cutting V ‘J

Boundary of |

lamina MMW
SNEENGS 7 NNIONMINSSSZZ—SNNSS 7N GMIN =

e

Y.

I ! ! L ' 75 mm
75 mm 90 mm 750 mm (Test span) 90 mm 75 mm

Fig. 4.1. Dimensions of shear and delamination test specimens.

Note: * Some delamination test specimens were omitted (See Table 4.1).

Boiling method

Boiling water immersion N Room-temperature water immersion Drying at 70 £ 3°C
More than 4 hours More than 1 hour (Until be less than initial weight)

1 Cycle : Assumption for use in dry environment

2 Cycle : Assumption for use in intermittent wet environment

Vacuum and pressure method

Decompression at 635 mmHg (=847 hPa) Compression at 51 +2.9 N/ (=0.51 MPa) Drvine at 70 + 3 °C
n room-temperature water n room-temperature water -
I p N (I p ) yine

More than 5 minutes More than 1 hour.

(Until be less than initial weight)

1 Cycle : Assumption for use in dry environment
2 Cycle : Assumption for use in intermittent wet environment

Steaming and freezing method

Hot water (49 £2 °C) immersion ) Exposure to steam at 93 =3 °C Exposure to air at-12+3 °C
1 hour 3 hours 20 hours

Exposure to dry airat 99 2 °C L) Exposure to steam at 93 +3 °C N Exposure to dry air at 93 =3 °C
3 hours 3 hours 18 hours

6 Cycle : Assumption for use in always wet environment
Fig. 4.2. Accelerated aging test according to The Notification No.1446 of The Ministry of

Construction??,
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I\t

Spec1mens for -
delammanon test Q;t
Boiling tank s,
> 3 \: ¥ ,/

Specimens for shear test

T L D e

Spcimens for shear test
Fig. 4.3. Accelerated aging treatments.

Legend: (a): Immersion in boiling water, (b): Decompression and compression, (c): Exposure in cold

air at below freezing, (d): Exposure in steam or dry air.
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Japanese larch

-
S S 1 MM e—

1002 m

Fig. 4.4. Delamination and shallow wood failure.

Legend: (a)~(d): Microscope images, (¢) and (f): SEM images.

66



Sakhalin fir / S. and E.* [6 cycle]

Fig. 4.5. Example of side view of the shear test specimen after accelerated aging treatments.
Legend: WF: Wood failure near the adhesive layer, DS: Delamination (according to JAS3079!7) and
shallow wood failure, CR: Radial check.

Note: *: Abbreviations are defined in Table 4.1.
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§ (42)
e 4]
&
o 3 A
.S
g
£ 08 11 0.9
EERE 0.3 (42) 0.3 (42)] 03 (56)
A 0.1 0.1 (s6) 0.1
0 .

Japanese larch Sakhalin fir
OBoiling [1 cycle] OBoiling [2cycle] EV.and P.*[1 cycle]
BV.and P.* [2 cycle] BS. and F.* [6 cycle]

Fig. 4.6. Delamination ratio of delamination test specimens.
Note: The numbers in the figure are the mean delamination rate. Numerals in the parentheses indicate

the number of specimens. *: Abbreviations are defined in Table 4.1.

100 -

0
(=)
1

59.0

[N
(==}
1

Rate of wood failure in and near
the adhesive layer [%]
S
S

20 52, 112 14.0
19 [ 27 oo
. BRI
Japanese larch Sakhalin fir

OBoiling [1 cycle] O Boiling [2 cycle] BV. and P.*[1 cycle]
NV.and P.*[2 cycle] BS.andF.*[6 cycle]

Fig. 4.7. Rate of wood failure in and near the adhesive layer of shear test specimens.
Note: Wood failure in and near the adhesive layer includes delamination and shallow wood failure
(Fig. 4.5 WF and DS). The numbers in the figure denote the mean rates. Number of specimens, 21 for

each for Japanese larch and 28 for each for Sakhalin fir. *: Abbreviations are defined in Table 4.1.
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Japanese larch

Control

e ————

V. and P.* [2 cycle]

S.and F.* [6 cycle]

Fig. 4.8. Radial checks of shear test specimens.

Note: *: Abbreviations are defined in Table 4.1.
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Sakhalin fir / S. and F.* [6 cycle]

Fig. 4.9. Examples of fracture of shear test specimens.
Legend: S: The specimen which showed rolling shear failure, SB: The specimen which showed
bending and rolling shear failure.

Note: *: Abbreviations are defined in Table 4.1.
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Table 4.2. Results of shear test on accelerated aging treated Japanese larch CLT.

Adhesion Conditions Control Methods of accelerated deterioration treatment
Pressing pressure Boiling [ 1 cycle] Boiling [2 cycle]

[N/mm’] T C.V. Mode MC T C.V. Mode MC T C.V. Mode MC

/ Pressing time [min] (Nmn']  [%]  S/SB  [%]) [Nmn'] (%) S/SB  [%] [Nme'l (%] S/SB  [%]

0.7/40 2.71 4.1 2/1 13.3 2.50 8.9 3/0 12.8 2.16 2.9 3/0 12.9

0.7/60 2.53 4.1 3/0 13.5 2.46 3.9 3/0 12.7 2.07 6.2 2/1 12.9

0.8/60 2.85 22 3/0 13.4 2.48 6.6 3/0 12.6 2.26 8.2 2/1 12.9

0.9/40 2.83 2.7 3/0 13.4 2.75 1.4 3/0 13.1 2.48 8.4 3/0 12.8

0.9/60 2.57 8.2 2/1 13.2 2.60 5.4 3/0 12.8 2.46 5.2 2/1 13.0

1.0/40 2.79 43 3/0 12.7 2.61 42 2/1 12.6 2.42 4.0 3/0 12.9

1.0/60 2.72 3.8 3/0 13.2 2.49 4.9 2/1 13.0 2.44 2.1 3/0 12.8

All adhesion conditions  2.71 6.1 19/2 13.3 2.56 6.5 19/2 12.8 2.33 8.7 18/3 12.9
Adhesion Conditions Methods of accelerated deterioration treatment

Pressing pressure V. and P.* [1 cycle] V .and P.* [2 cycle] S. and F.* [6 cycle]

[N/mm?] T C.V. Mode MC T CV. Mode MC T CV. Mode MC

/ Pressing time [min] [Nmo’] (%) S/SB  [%] [Nm] [%] S/SB  [%] [Nmni) [%] S/SB  [%]

0.7/40 2.20 10.2 3/0 13.1 1.99 6.5 3/0 13.2 1.69 44 3/0 9.8

0.7/60 2.15 13.4 3/0 13.0 2.08 3.7 3/0 13.2 1.61 1.7 3/0 10.0

0.8/60 2.34 8.8 2/1 13.4 2.02 9.2 3/0 13.4 1.69 9.6 3/0 9.8

0.9/40 2.45 0.1 2/1 13.2 2.21 44 3/0 13.3 1.90 0.4 3/0 9.9

0.9/60 2.18 1.6 3/0 13.1 2.12 3.2 3/0 13.2 1.78 2.5 3/0 9.7

1.0/40 2.26 5.2 3/0 13.2 2.10 33 3/0 13.2 1.80 33 3/0 9.9

1.0/60 2.44 3.1 3/0 12.9 2.06 9.1 3/0 13.2 1.74 6.7 3/0 9.9

All adhesion conditions  2.29 8.9 19/2 13.1 2.08 6.9 21/0 13.2 1.74 7.0 21/0 9.9

Legend: 7: Shear strength, C.V.: Coefficient of variation, Mode: Fracture mode, S: Number of
specimens which showed rolling shear failure, SB: Number of specimens which showed bending and
rolling shear failure, MC: mean of moisture content.

Note: *: Abbreviations are defined in Table 4.1.
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Table 4.3. Results of shear test on accelerated aging treated Sakhalin fir CLT.

Adhesion Conditions Control Methods of accelerated deterioration treatment
Pressing pressure Boiling [ 1 cycle] Boiling [2 cycle]
[N/mm?] T CV. Mode MC T CV. Mode MC T CV. Mode MC
/ Pressing time [min] [Nann']  [%)  S/SB [%] [Nami) [%] S/SB  [%] [Nmm'] (%] S/SB [%]
0.5/40 1.95 4.7 3/1 114 1.71 8.2 4/0 12.9 1.57 9.7 4/0 12.9
0.6/40 1.96 12.3 4/0 11.6 1.82 33 4/0 13.2 1.62 3.9 4/0 13.0
0.7/30 2.13 2.4 4/0 11.3 1.82 7.9 4/0 12.9 1.61 53 4/0 12.7
0.7/40 1.96 1.6 4/0 11.7 1.73 8.6 4/0 12.6 1.61 5.9 4/0 12.7
0.8/30 2.02 6.1 4/0 11.4 1.73 2.0 4/0 12.5 1.57 2.5 4/0 12.7
0.8/40 1.95 4.8 3/1 11.4 1.66 44 4/0 12.2 1.62 5.4 4/0 12.5
0.9/40 2.07 43 4/0 11.1 1.73 5.7 4/0 13.3 1.59 7.8 4/0 13.2
All adhesion conditions  2.01 6.8 26/2 11.4 1.74 7.0 28/0  12.8 1.60 6.3 28/0  12.8
Adhesion Conditions Methods of accelerated deterioration treatment
Pressing pressure V. and P.* [1 cycle] V .and P.* [2 cycle] S. and F.* [6 cycle]
[N/mm?] T CV. Mode MC T CV. Mode MC T CV. Mode MC
/ Pressing time [min] (Nmn']  [%]  S/SB [%]) [Nmn'] (%) S/SB  [%] [Nme'l (%] S/SB  [%]
0.5/40 1.58 8.7 3/1 12.6 1.44 1.4 4/0 12.5 1.06 7.8 1/3 10.2
0.6/40 1.78 8.7 4/0 12.7 1.50 13.6 4/0 12.4 1.22 9.2 4/0 10.3
0.7/30 1.71 8.2 4/0 13.1 1.67 8.1 4/0 12.6 1.15 2.9 3/1 104
0.7/40 1.68 9.0 4/0 13.1 1.67 7.5 4/0 12.5 1.41 7.7 4/0 10.2
0.8/30 1.61 5.9 4/0 12.5 1.56 8.5 4/0 12.4 1.24 10.4 4/0 10.1
0.8/40 1.54 10.1 4/0 12.8 1.75 9.4 4/0 12.3 1.24 7.8 4/0 10.1
0.9/40 1.71 6.6 4/0 12.9 1.78 6.4 4/0 12.8 1.32 13.1 4/0 10.2

All adhesion conditions  1.66 9.6 27/1 12.8 1.62 11.2 28/0  12.5 1.23 12.3 24/4  10.2

Legend: 7: Shear strength, C.V.: Coefficient of variation, Mode: Fracture mode, S: Number of
specimens which showed rolling shear failure, SB: Number of specimens which showed bending and
rolling shear failure, MC: mean of moisture content.

Note: *: Abbreviations are defined in Table 4.1.
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Residual ratio of shear strength[%]
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Japanese larch Sakhalin fir

OBoiling [1 cycle] B Boiling [2 cycle] B V. and P.*[1 cycle]
BV.and P.* [2 cycle] ®S. and F.*[6 cycle]

Fig. 4.10. Residual ratio of shear strength of control specimens.

Legend: Dashed line: The baseline according to The Notification No. 1446 of The Ministry of

Construction??.

Note: These values were calculated using the mean values of specimens under all adhesive conditions.

*: Abbreviations are defined in Table 4.1.

Weight increase rate [%]

0

100 -

80 -

60 A

40 -

20 1

Japanese larch Sakhalin fir

OBoiling [1 cycle] B Boiling [2 cycle]
BV.and P.* [1 cycle] RV.andP.*[2 cycle]

Fig. 4.11. Weight increase rate of shear test specimens by water absorption.

Note: *: Abbreviations are defined in Table 4.1.
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Japanese larch

5500 S.and F.*
:.n : 7y
2 5000 {  3.09
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S.and F.*
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Fig. 4.12. Mean weight of shear test specimens after each step of steaming and freezing methods
(S. and F.) and weight increases by water absorption.

Legend for D: C: Initial weight, Bi: Warm water immersion, Si: Ist steaming, Fi: Freezing, Ki: Kiln
drying (1st drying, 2nd steaming, and 2nd drying were carried out continuously by program operation.).

Note: ?: Weight increase rate (%) after st steaming. *: Abbreviations are defined in Table 4.1.
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o Japanese larch Sakhalin fir

y=-0.008 x +1.712
R?=0.611

y=-0.012 x + 2.447
R?=0.430

Shear strngth [ N/mm?]

A ‘ ‘\‘ A
10 - P\ "
o Boiling[ 1 cycle] o Boiling[1 cycle]
5 ¢ Boiling[2 cycle] ¢ Boiling[2 cycle]
0.5 1 o Vand P.*[1 cycle] oVandP.*[1 cycle]
o V.and P*[2 cycle] o V.and P.*[2 cycle]
00 A S.and F.*[6 cycle] A S.and F.*[6 cycle]
0 20 40 60 80 100 0 20 40 60 80 100
Rate of wood failure near the adhesive layer[ %] Rate of wood failure near the adhesive layer[%]

Fig. 4.13. Relationships between shear strength and rate of wood failure in and near the adhesive
layer.

Legend: Dashed line: mean of shear strength of control (Japanese larch, 2.71 kN/mm?; Sakhalin fir,
2.01 kN/mm?).

Note: Wood failure in and near the adhesive layer includes delamination and shallow wood failure

(WF and DS in Fig. 4.5). *: Abbreviations are defined in Table 4.1.
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Adhesive layer //b
t 1

t

t : Thickness of laminae
a,b:25mm ~ 55 mm

Fig. 5.1. Block shear (bond strength) test according to JAS for glued laminated timber*>.

AN

40 mm

¥

40 mm

N

Fig. 5.2. Bond strength test of CLT orthotropic layers devised by Betti et al.?),
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LCTWwialy, CLT #{E DB 5N % Table 5.1 IC/”8$, CLT 1355 (4 HE-57] 2
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WE% 553, % D121 0.51+0.03 MPa DIIE % 1 K17V, Z 0% 2 [l DK L 7=,
JLERFZ I 70£3°C O EIREZIRER IC AN, BB OE B WIHERE D 100~110% 1 7% 5 £ THZ
7, AlloEEEOREER S X R 2R L, HEtcowvwcit, 3 2[200.05
mm A CHRIBER X 23 3 mm KD b D IZFRAL L 72,

ik, H4% (4.223) TNz X 51T, CLT IRFIBERBRIFICEEEE O & GEFICH T

KEEHBEL B2 BB A 12719 REICEWTH SNEHEEE I47x 3T, RiubdEs
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X A A D BEEEE 2 fHli O R & L7,
5223 7oy 72 AWEBRBLY4SET 0y 73 ANHER

7ay 7 MRS X 45 7 a7 ¢ AWTEERIT JAS307917 ICHERLL TIT 5 72, 3R
R ICHEEE — A v FERE LRV X S ICH AR E 2R, BE IS T REAEREE (5
HEERTHR AG-Xplus, & 10kN) IC X Y 1To 72, HAFTHEE I 1 mm/min & L7z, BRA1Z
ABRTEHT E T 20 °C - 65%RH Bt Fic 1 » AL EERE L, BRI FBREE T ookl o
BEAUEL 72, BEE CoRAMELFHIL, RAMELZ AW CRLZEEZ 7 o
v 7R AR L L7,

F 72, M EDJFE " 25#0C, 2.5%x2.5 mm FIRD 10x10 v 2 &2\ 72FEH Ry — + %
AW, WIS TR THEBIL Cwbd~2%h vy L, KikEr 1%5HMTRD
oo RWEEDOME ORET-% Fig. 5.5 1073,

5224 WU YRR

ALY HERTIEE, PEDOWE 6 ESEICT o7, BT bR (B
{EFTEL SS2000) % W CTiTwy, #BEA O BT 40 mm Z[EE L, CLT © 2-3J&H 0EEE I
RLYE—RAV 2527z, EAEEIX 0.001~0.002 rad/min & L7z, REROKET % Fig.5.6
TR, L YEBRIE 20 °C - 65%RH BRiE F oL, FHERATICFRERE T cilth 0%
RHIE L7z, BN ANRLY T— XY b M EBIBIHEIRETRL T, REBH O RIMRIC
EUBREYBABIRE () ZEE L2, AR, AMEEERSE 4 XY LITF

DX (5.1) ZHAWTRD =,

M
Tmax = 5 (5.1

2T, tmax AT AWIERE [N/mm?], Mg xAKRALYE—AY [N mm], o EE, b:
HEFWIEO—H DR X [mm], h: REBFWHO—HOREX [mm] (727201 b>h), o ld

tepmicinUTikE Y, ARHEEClE b/h=1.0, ¢=0208 & LTEHEL 7=,
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523. f5 %
5.2.3.1 HEEER

FIHEABR Dt 5 % Table 5.2 IS/ 3, API DHIEEH A PRF O 2 X D b b3 H IRV i )
CH o720, ETOREICE W CHIBER MKV IKIEICSH 572, 72, JAS3079'7 DiEART
ik CPEREEEL 10% K0, 5 L < Ik 4 fliics T 2 F—EEEO#EEE X 45
INTFNOEEEOR S D 40%Ki) iz LT3 2HEET- 725558, T oRHR
BRhR 28 JAS3079'7 DA HAE & 72 L TV 7z,

5232 Zuv 72 AWEBREL P4 ET vy 7 ARERER

Fig. 5.7 12, REA OWEHZ/Rd, 7 vy 7@ ABEEICE T, WL 220
T, WAKRICARTO =) v 7y 7 —MEECMII R - SRICB T 20 VAARELTEY,
FRCH 7=V Tl OHAIPBEECTH 572, 45 E7my 72 AWERERIC B WCld, HiZ-
u—) v T =R VALARYRAELTELT, X VEEBICIVWESTAREL 2T
WA 233 & 172,

Table 5.2 1B OKBEROMER R 2R, 70 v 7 AWEERIC 31 2 KRR % ot
AT 2 &, 90~100% & @\ Z R L7z, JAS3079') TIXEREICH T 2 RBER D
H#EZ, v F, A7V BLUFF=2YT65%UE, AFTT0%ULEELTEY D, C
NoORERG- Lz, (E-T, s X007 oy 7 AWBOME R, S, BEEIEIE
b TWB Z EDRENT, £72, API DARWEKEA PRF D2 N X Y b b I 2 Icm A
Micd Y, T pEEER oW & — L T, 45 7 ay 7 AW 7 e v
7R AWERERE T 2 b, B OB EIRE A 2 b o0 (Fig. 5.7), KREFEICOW
TRMFCHERZZIRONT, 45 E7 0y 72 AWML 7 v v 78 AWEER & Ffkic
KR DGl A FHETH 5 2 L AR I Nz,

7y 7R AWiEikE L 45T a y 72 AR O FE R % Table 5.3 35 X U Fig. 5.8 I
R, AFUANOBEICOWTIE, WINORBRICE W THEEROEVICL 2 HEER

BN olz (p>0.05), AFDTay 7EAMRBRICENT, BEEFOEVICLSEH
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BEPALNED (p<0.05), KEEEIX 9% LIIEFHICEEEZRLTWR I Ehb, Z0
MR FIEEAOE TR AL, REASICERAD 2 HE 25, FHHICENT, HFoh
72 ABITERE DR AL Y R ABTEE O AL KT 2 &, 45E 70 v 7 AWk
Bruzzmy 72 BB L VR 6 Eliz EmuvEz R L 7,

LRI BT 2R OREEE L T u Y 7 & AR & OBIR % Fig.5.9 ICRT, Wi
I IEDHBIRER A A o7z 3, FRREDOHEETHEAF L P F=YHER DS X ) ICHm
IT5—F, W7~V ERARBEOEEcHL e F Lo THlicT ey b I pHAH
H bz,

5233 WU YR

Fig. 5.10 I, B F O %R 3, BIERIE, WtV E— AV 25272 2~3EHD
i ARE 2 A T, FICEEE O &S TR A 2 A28 3 bt —HER 0BT
IO EERE (1~2/8d L <X 3~4J8H]) 1C ¥ CHEESER L2, 72, A7~V T
AR O T (4 = v AHR) 1ICif o THEEAEL 2 2 8 83% 2o 7,

ALY AEBEOKE R % Table 5.3 B X U Fig. 5.11 1R $, HEEAIDOENICX 270 02 AW
MEICHEEZRALON D> (p>0.05), ALV HAWEREIZ 7 vy 72 AWML D &L,
ASE7ay 7 /AMEE XY b ICEWEZ R L 72,

BRI BT, o NS AWTEE O FIGEE A LY & AR O FEfE & ks 5
L, Ty 78 ABERERDS 50~60%, 45 7 a v 7 AWEAERA 90~100%FEEE O fE 2 7R
L7z (Table5.3),

I E T 2B ORI ER L AL ) AWIERE & OBIfR % Fig. 5.12 IR T, Mi#E
ICIFIEOHBIBIR D 2 b 723, FAREORETH L2 AF L F e Y HNER D X5 ICHTm
T5—F, W7~V ERARBEOEEcHLI e FL e THlicT ey b I pHAH
HHi, ZnFTay 7 AMEBEB LN 45ET ey 7 AMEER L FIkCTH o7, hb,
FREAROHREREL, AU VRBRE 45 7 a0 v 7 AWEERIC N, 7a v 7 & AR

Brix-e-e{K2 -7z (Fig. 5.8 3 X U' Fig. 5.11),
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5.2.4. 5

Fow (Q3) KBFEIIFou—) v T —MEICBELTIE, KREZEE L REICH
B2 d L Z 9 Chuifsa bz (Fig 2.8), & 5 ETEML 2ok
(Be ¢ AWBR) iIchB v Cld, 2B o RER o KEZ% B & & A WRE I IE OB A3 5
bz, MIREMEIVGEOoN 2 CAMBEZHIET 2L, ALVEAN: 7oy 7EA
Wr:ds 7 my 72 AB=1:0.45~0.57: 0.90~0.94 & 7z - 7z(Fig. 5.9 3 X U* Fig. 5.12),

hp gt

\\\

BBICEHT 2L, 7y 22 AMRBRICHAST45E Ty 7AW T, 7—
Vv 7y T —WEORERMNZ ONTZ20, CABTRERKREL Aozt EZLNS,
CYaBRic s wTid, JohEdd 2 5Bk AT O IR E U Tw 228, MR
(X A CRIGHE T I L C 45 RIS I 8 Mb o T bk EZ b G,

¥ 72, BIERICHEERICERT %L (Fig. 5.7 3 XU Fig. 5.10), 7 7 <V Z4EmH O
AREFMNTI - THEER A A 2 HIA I L K A b, Try 72 ABRBICE T =Y
YT —WIEL 2R BR IC o T Z DHAISHE TH o2, RTORBICENTH Z
~ VB (R L ¢ AR O IR ERO T T ry P End 2 en% < (Fig 5.9 5
XU Fig. 5.12), Fric7ay 72 AW T3 Z A2 EE TH - 72 (Fig. 5.9), b/ *
IR OEEREINS L, BHHOEERE T 0, 7 7~ ZEEHEBEO
TIHRMM OFEEANKE L, FRNOBMEDL W O, Fhbb, 77 <V ITRHME
LMME O BEANKE , REMOBERETICELCHIERIE LT d oL EZ LN,
COZ LB OFEEICH L TERWIRE 2R L2 BRETH B Ll nd, 2L, &
JeVICBWT, HEEu—) vy 7 —@mEICIHER AL N2 (Fig. 2.8),
EEABBEOREICHZ>TiF, u—) v 77 —MEIREREMTOREIIAEL v
LHEgEIN D,

7, BTOMBRICEWTAFL P eV IiddERS X5 ICHfi L7z (Fig. 5.9 3 X X Fig.
512), P F=YDRMMOFELAEI /N W—I7T P, ZAFIh T <Y LFEKICFBM O

JEADPRE CEIHETH 225 0140, 2 FI3EGHN QMR ME C 7, i O R DERLIC
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RKEBRENZ N LA 1O FREEOMEZRLZHEE L TEXLND,

Tay 7EAMiBRO4SET ey 7 WO KRR 2 R 2 &, W ofm &HIE
FEFRIZ—E L7 (Table 5.2), AL W AABRICEHE LTI, RAMERICE T RBRA 2357842
ICHHES 2 2 L dfiTH 2720 (Fig. 5.10), KREEORE S L 23, RECTHEMEL 7 45
7wy 72 AWipRiE, 7 uy 7@ ABEER L FRICRBEROMENES ThH o7, &
7o, FEBRIIAREANOw =Y v 7o 7 —IESLMN HEOD VAL Bz on, Ty s
AW L LR TSRO T T 2 220, HEORT 2K 2 MEEH
DFELLTHHATHLLEZLN S,

Iolc, 45Ty 7ML VO HANIEEIL, Xt EEELEETH S
NLYBAWBREISEEE R L7, 72720, REICBEWT, LY RABEA O A Wi
(80 mm X80 mm) (X7 1y 72 AWEEA OZ i 25 mmX25mm) XY b KEH» ST,
—fi, RBEOF A ZBKE L ANITRE IS s GHEZIR) &an O, Emlb
D7ay 7 AWERERICE W T, TEMRS AL NS L OoREHIRH 5 18D, —F5 T,
CLTEXRZEON L VY FERICE T, TEMREDEVLAoNGBVEWIREDRD B 14,
S, SHBICE T 32 AW OEBEAEICE D X S R EE KITT O, Gl

MEEARBETH D LEZOND,
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Table 5.1. Adhesive conditions.

API PRF
Species Pressure Time Pressure Time
[Nmm’]  [min]  [N/mm’] _[hour]
Japanese cypress 1.0 60 1.0 16
Japanese larch 1.0 60 1.0 16
Japanese ceder 0.8 60 0.8 16
Sakhalin fir 0.8 60 0.8 16
Glue spread 230 ng 250 g/m2

Legend: API: Aqueous polymer-isocyanate-based adhesive, PRF: Phenol-resorcinol formaldehyde

adhesive.
CLT panel (300 %300 mm) ., @
n =3 for each condition
> .
™, 45
@ L
=/
,,-;"‘
S mm
@ : For block shear test (JAS) 30 mm ihze;;azrgamm
@ : For 45 block shear test !
®3) : For torsion test (80 % 80 mm) \)2: m
@ : For delamination test (75 %75 mm) 10 mm, o
mm

Fig. 5.3. Preparation of adhesive shear tests specimens.
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Fig. 5.4. Specimen for block shear test at 45°loading direction to the grain.

Fig. 5.5. Measurement of wood failure rate.

Rotation
direction

Fig. 5.6. Torsion test.

Legend: (a): Torsion test equipment, (b): Mounting state of the specimen.
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Table 5.2. Delamination test results and wood failure percentage obtained from block shear tests.

Delamination test Block shear test (JAS) Block shear test (45°)
. Adhesive
Species types Delamination Conformity Wood failure  Conformity Wood failure ~ Conformity
(%) with JAS (%) with JAS (%) with JAS
API 0.0 9/9 98 36/36 100 27/27
Japanese cypress
PRF 3.0 9/9 90 33/36 96 27/27
API 0.0 9/9 98 36/36 97 27/27
Japanese larch
PRF 43 9/9 97 36/36 95 27/27
API 0.0 9/9 99 36/36 100 18/18
Japanese ceder
PRF 1.6 9/9 98 36/36 99 27/27
) API 2.0 9/9 100 36/36 100 27/27
Sakhalin fir
PRF 5.0 9/9 96 35/36 99 17/17

Legend: API: Aqueous polymer-isocyanate-based adhesive, PRF: Phenol-resorcinol formaldehyde

adhesive.
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Block shear test (JAS)

Japanese cypress / API Japanese cypress / PRF

Japanese larch / PRF

. -
1

Japanese cedar / PRF

Japanese larch / API

Sakhalin fir / API Sakhalin fir / PRF

Block shear test (45°)

Japanese cypress / API

Japanese larch / API

Japanese cedar / API

. !

Sakhalin fir / API Sakhalin fir / PRF

Fig. 5.7. Examples of fracture characteristics of block shear specimens.

Legend: API: Aqueous polymer-isocyanate-based adhesive, PRF: Phenol-resorcinol formaldehyde

adhesive.
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Table 5.3. Air-dried density of specimens and results of shear tests.

. Air-dried density Shear strength N

Species Adhesiv Test methods Is\luml?er of Mean C.v. Mean C.v. Ratio* [%]
type pecimens [kg/mj,J (%] [kg/mﬂ [%] ()

Block shear 36 485 8.9 3.6 24.9 0.60 11.7

API  45°block shear 27 490 10.1 5.7 18.6 0.94 11.8

Japanese cypress Torsional 9 482 7.5 6.0 17.7 - 11.9
Block shear 36 490 12.2 33 32.0 0.52 12.3

PRF  45°block shear 27 482 9.0 5.6 16.8 0.90 11.7

Torsional 9 481 8.7 6.2 13.4 - 11.8

Block shear 36 481 7.5 2.9 253 0.62 13.9

API 45°block shear 27 482 7.8 4.4 17.5 0.93 12.9

Japanese larch Torsional 9 474 54 4.8 14.9 - 13.7
Block shear 36 488 7.5 2.6 25.2 0.54 14.3

PRF  45°block shear 27 472 7.3 4.5 233 0.92 13.0

Torsional 9 469 6.7 4.9 6.9 - 13.8

Block shear 36 362 3.5 1.5 16.3 0.50 11.9

API  45°block shear 18 357 5.5 3.1 19.4 1.02 11.5

Japanese ceder Torsional 9 356 33 3.0 16.2 - 11.9

Block shear 36 358 4.3 2.0 26.2 0.61 12.2

PRF  45°block shear 27 360 4.7 3.1 9.0 0.98 11.7

Torsional 9 353 3.1 32 12.1 - 12.2

Block shear 36 362 7.4 1.7 24.6 0.53 12.4

API  45°block shear 27 363 8.6 3.0 20.9 0.94 11.9

. Torsional 9 355 5.8 3.1 13.7 - 12.8

Sakhalin fir Block shear 36 367 7.1 17 235 0.53 12.9

PRF  45°block shear 17 346 3.9 2.7 12.4 0.81 11.9

Torsional 9 361 6.8 33 15.1 - 13.1

Legend: API: Aqueous polymer-isocyanate-based adhesive, PRF: Phenol-resorcinol formaldehyde
adhesive, SD: Standard deviation, C.V.: coefficient variation, MC: Mean of moisture content, *: Ratio

of mean shear strength to torsion test.
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10.0

@ Japanese cypress
JAS < Japanese larch
A Janaese ceder
— 8.0 - O Sakhalin fir
g API PRF —Mean
§ )
6.0 A ®
5 @
g API PRF
- PRF
5 4.0 API
2 API PRF
3
g 40 | 2. O-E-l 7‘%1 7
0.0
10.0
4 50 @ Japanese cypress

< Japanese larch
A Janaese ceder

‘5 8.0 1 : O Sakhalin fir
g o =Mean
z ’ 0
<

5 6.0 1 5.7 _._56
3
Eg 4.0 - @ 1
»n
4 API PRF .g.’_g_ 30727
9
= 55 o API PRF

' API PRF

API PRF
0.0

Fig. 5.8. Comparisons of block shear strength.
Legend: API: Aqueous polymer-isocyanate-based adhesive, PRF: Phenol-resorcinol formaldehyde

adhesive.
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10.0

@ Japanese cypress JAS
<& Japanese larch
« 80 1 Alanaese cedar
E 0O Sakharin fir
Z O
= 6.0 A .:
20 (]
: ¢
o 4.0 1
<
% y=0.011 x -2.362
=4 R?=0.659
S 20 A
m
0.0 4 e
0 100 200 300 400 500 600 700
Air-dried density of specimens [kg/m?3]
10.0
@ Japanese cypress 450
< Japanese larch
~ 8.0 { Alanaese cedar
E 0O Sakharin fir
Z
) (]
. 60 A
B
5
5 40 -
2 y=0.016 x - 2.867
2 R2=0.727
S 2.0 A
m
00 ....=....1....1....1....1....:..

0 100 200 300 400 500 600 700
Air-dried density of specimens [kg/m?]

Fig. 5.9. Relationships between block shear strength and air-dried density.
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Japanese cypress / APT Japanese cypress / PRF
Japanese larch / API Japanese larch / PRF
Japanese cedar /API Japanese cedar /PRF
Sakhalin fir / API - halin fir / PRF

Fig. 5.10. Examples of fracture characteristics of torsional shear specimens.
Legend: API: Aqueous polymer-isocyanate-based adhesive, PRF: Phenol-resorcinol formaldehyde

adhesive.
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10.0

@ Japanese cypress
< Japanese larch
O A Janaese ceder

'E 8.0 1 ® O Sakhalin fir

= =Mean

& C6.0= 6.2

5 604 wlm o

B0

5 8 o Qi

2 o ¢

§ 40 -

< APl PRF ¢ 3.0432 Es 3

g API PRF 'g' E

8

£ 2.0 1

= API PRE APl PRF

0.0

Fig. 5.11. Comparisons of torsional shear strength.

Legend: API: Aqueous polymer-isocyanate-based adhesive, PRF: Phenol-resorcinol formaldehyde

adhesive.
10.0
@ Japanese cypress

_ < Japanese larch ®
‘= 80 4 AJanaese cedar
g O Sakharin fir
&
@ 6.0 -
g
§ 4.0 A
% y=0.018 x-3.332 i
g R*=0.754
2 2.0 A
=

LR I e e

0 100 200 300 400 500 600 700
Air-dried density of specimens [kg/m?]

Fig. 5.12. Relationships between torsional shear strength and air-dried density.
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53 ¥t
FEESHEER 4 BHFE (v 7 %, hT~Y, AF¥, PF~=Y) AWk CLTICO2WT, Zh

ZNEREOHETAWIEE %, 7oy 7 AWEE 45 7 ay 72 ARERE, ALy

ABRIC K> CRHii L7z 2oL Y, UToEEZE-,

1) wIFhoiiics b, HHLEEEAR (APL, PRF) DEWICX 58 AW D
EREFAHRLNRD S T,

2) Tuy 2R AWERERE X045 70y 22 ABERERIC X B KRR SRR I BEE
EZAR LN T,

3) WIFhoRBRIcE W, WA OKEHEE & & AWIEREICIZIEOMHBIA AR b,
I, B X o CEELME L OB AE,rH I —Y v e T —E (5 2
BH) LIRREIMETHoN, KL, AREOHKECTHLAFL P VvV RELRD
LT s —0, o~V RABEOEETHI e/ FLhbee FlicTay
I N BMEAD SR SN,

4) REMRE VSONZBELHET 2 &, CAWHEIX, KLY LAN : Tuy re
AW 45 FETmy 7 AMI=1":045~0.57 : 0.90~0.94 TH Y, AL HEAWIRE L
4SEET Ty 72 AWEEIGEWEER R Lz, £72, 457w v 7 & AWEAERIIAREEN
Du—Y VLT —ECMNEETOD VAANE LI &, #HEE IR ol
TAHADE RO NTz, COFERID, 45E T a v 72 AWERERIT CLT 05 EE OFF

flif5ike LTERTH B LRI N,

¥, 2018 (FRK 30) HFicE1J 5 CLT OREHERE OSUE (EREER 132455 20 ) O

%, B ICBIRERNICAA L Y CANRE S ED bz, TNICIARREICE T 5 R B RO

—H8 (AL VBB 2RI nTnwi,
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F6E
6.1 AKX DE LD

KL TIE, CLT KBTI 2ERET7 IFoun—Y v 7o 7 —iEL wIHRICEHL,
FRT— 2 DINES X ER2{To72, 5 2 BT, EEHERZ IF20Re Lizn—
Vv e T —EOHIERIT- 72, 8 3 |mELUH 4 FmCid, FIALASHfFEhEH T
< VEIUOE F=Y CLT Z0ff e LT, o AWEEICBIT 27 — 2 OIUE, BGEEE(T
o7z, 5 5 BETIX, CLT EREOEECAMMEL 70y 72 AR S X ot b il
ICX DRI L, 150 EeHIEER O E T o7z, MTIKEELVBESNHA
rE L5,

Fow (2.1) Tit, EEHEBR4E (v ¥, ATV, ¥, PF=Y) 07 IFLKC
DN, [lHS 0 OFERLEHEMon—) vy 7 —3lBRic X - T, Biffis X OEKE
Bu—) v LT RIS Z BB OWTRIEL 72, ZOEE, u—V) vy 7 —i
FEiEWIEIS, e/ %, ho~y, AF - PV elhot, u—Y v e T —imE LR
SRR DREZEIEICIIMBE A H s (v 2 ¥, XF) 2352 —75C, HERRWETE (7
7<v, PF=Y) ddHY, HNIBERGOMBEE K2 D EEEIN, T,
BKRERT =) v I T —EEICE 2 2B REETII RV ERRBI N, T DIED,
H2E (22) TRAIZVBIULF F=Yicont, ERNTO—RATEDT I+ (5
IFHE JEE 30mm, @ 105mm) ICEFEn—) v e T —MEAHEL, HIFETD
FEARMICEB T 2 AWRERBORRE L OB EITo 7, b, ZoLEoRr—Y vy
T 22) 3, 21K Fru—) vy T —EE (7 3155 JEE 29 mm, 1E 80
mm) X0 bLLENEERL %,

FIETIE, SES 77400 7~YBL UM F=Y CLT K20, HRERRHELES
X R 4 SRTERIC X o TRAM oM AW Z T o7z, 72, ANV EFE L

CoDEEL, REBAASY (CAMZ V) LBIN S &AWL & ORIRIC O WTRELL
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2o % DFER, 7=V i3PREGHERICENT, BEXEOn—Y vy 7 —#EL R
Lo 2o b i KM EKFICHITIEZ LT wa b, PRy X b Ew 2ol
BICRATT 2 e AR ENz, MLT, P FeYidmifEEE bIc, RELEZE2TDX
NRUEFc BT, RAMERICEREO —) vy T —i#Ic X 3 AWBIEE R L,
H T~y L TR ABEL LT WHASEIR S e, WO 4 SERIC O W TR
HI=VEBEIRF F=YORFTICENT, 2TD RSV CRAMBERICERED v —
Vv 7y T I X R AMIBEA R Lz, AN VEAICER T2 &, MilEE b,
FAWTAANY PR TR BT, B AW DS L —EEICIR T 2 s & o, <
DFEANIWITR 4 SATEHIKICEWTHEE CTH > 72, ZORORAWREOMEEZH 25 (2.2)
TRoNemn— ) v 7o T gD L KT 2 &, M IR—83 2 Z LRI LT,
HA4F (41) Tk, HBOEMEFCIV-EINEZSES 774 0iliEN 7~V B X
O F F=Y CLTICDWT, EEEERE 1446 5 2 OEEMAEORGE TR Y, (i
HACHIR % T > 72 2 I AWTRERZ 1T 5 720 % DFER, FHELZ2TofN (Biis
X OERGM) e, REROEEMAMICE T 23 iiitEL 7V 7T Lz, $7, &
AWTEERIR L ~ v F v 7 & @ - HIEERBR R C X 0, (RES LA Z OBEE % JAS3079!7
ICHE U CETME L, SR %Ko 72, WBRSEIC X - TIZEAWTRES 4 ERERTLZD
XL, EEEORMERIIRRTD SRRETH Y, BRI ORI L EE 7 3
FoENE L, KEOFHHINE AWIBEDIKTICHELEZ TS L, Thbb,
0—Y vy —EORTIIEEE DS BETEROKT) IS ZoTAHEL S &2
AN - (W

55 T, EEMEER 4B (v ¥, h Ty, R¥, P V) BIXUEEA 2
B OKERDTA Y T 4= FZBEEEAB X7 = /) —-L vy ) — A
BEH) ZHW7 CLTEREICOWT, 7 uy 74 AR, HzIciREd245E 70y
7 AMERER, LY HRBIC X VB AWNBE Ol 2T 072, 2Z°C, 45T my S

HAWIEAER L X, Betti & 0 O A SE AL TIRET 5, JAS3079'7 IkF 5 7w
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v 7 & AR R 2 AT e L C 45 T CEMEL b D TH 5, ZOKE, wIn
DRBRICEWTY, FAWREIXEWIEICL, v/ %, AT~<Y, AX - FFeVEkD,
L2 EEROECIC X 2HERBEDEZAO N D 5Tz, CAWTREZ KT 2 &,
NLEYEAW : Tay 2l 45 E7ay Z7¢AM=1:045~057:0.90~094 TH Y,
NUYEAWIBE L 457 0y 74 WEE IEEZ IR Lz, 457 v v 7 & AWt
X, CLT BERED 7 vy 7 AWRERICE T 2 ECho7za—) v /e 7 —ERE L
c <<, Tey ra AWEER & R U CHEETE IR WZE THE S 2 M A b T, &
7z, HRERIC B W TR O KHZ L L 4 WA ICIZIE OB A 6 iz 28, [FREE D
HETHEAF L PN YDRELRL LM T 207, W7~V IFABREOHKETH 5

b/ FLOBLR Ml T ey FInpEMAHRLNT,
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6.2 REBIUVRE

—EoWETHE LN (6.1) %, HITO CLT DENBIKEICED b T 2 2l
EERAL, UTIRESITIREL, HECOWTHEMT 2,

[ ok A BiakBRIC 351 2 G7KEOFHIEIC 2 \W ]

AT O ESEE AR 0 3 1 BLEFLHE 17D <L, SREEIER O O 17 BRI 13 55RO S kR
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