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RIDBREAR T4 H—VaAV FTlRTH#HELE
A¥, /%, TYVHOBIFIEES Y
TR EE Y. BR Y. A EE Y. TRl Y, mE .
TR R VL M AT Y

E5

AF, v /F TYRVOIEEICOWT, BT 4V —hv 2=V 74V H—EX 17
mm, 6.3 mm.3.7mm®D T 1 VH—=T 342 F)) AR EH L T RBRZ T /oo B/ FITDOW T
EBICT 4 H—EE 65 mm, 6.7 mm D FIilBiEZFH L, hiIREEIT -7z, N5 ORBAERED
BLURDZ EHHEMTE >0 (1) AF TR T 4 Y H—EE 17 mm. 6.3 mm O FJ i{BR{AD 78I
AERLNEN o1z, (2) &/ FTEINTY > Z%RE 14 kKN'mm® K TR SN2 0 R TIEELL 72 FI
SHERMATIE, T4 U H—EE 17mm & 6.3 mm O FJ :ABRIK T REIC A2 IR SNAD > Tz HiFY >
FIRE 14 KN/mm’ DL E TR ENTZ0EWRTER U FISBATIE. 70 VH—ET 17 mm I HERT 6.3
mm O FJ iABRIADOH TR IZ DT DITMED 5 72, 6.5 mm D FI GAEATIE 17 mm & [FF ORI D
Bo5NTz, 6.5 mm TIIFESMBENEZ 2 & THITRENM ELEEEZONS, £z, INLKD 1 X
HI-ODXEDEE 050mm &5 LT, T4V H—EE 6.5mm. 6.7mm fF@EEIIAE M ELRE,
G AF e /Feb T H—EE 3.7mm O FJ iR FEENMED o720 D) TYY T, 7+
VH—ETOFEIRSNT. 17mm. 6.3 mm. 3.7 mm O FJ iREBADOIT R IIFR%ETH - Tz,

F—U—F T A=V aA b, iTRE, ERA, CLT, MHHEE TIEMEHRM, 53,

U-EMk

1.IILBIC

T4 vA—=YaAr bk (LR, FI &9 %) &, Bl
BE Ty RS H 72 THREZH O 815 0 K FH S KA. Cross
Laminated Timber DT I T D THITICHVLNT VS
FiliTH %, KETI 1960 FRILEDSEHEHD A v X —
TYIHIMT T 27 ¢ Y AH—EIHREL (U5mm DL F), 1§
WP (10mm IO 3K 7zidZF N DT ¢ A —
MFET 2 1RE) FI DRFENED 5 N7z (Marian. J. E.
1968, 1969), HAREANTIZ. 1970 FAHITED 5 FJ Z i
MOBLEICHIHT 2 & ZHNE LIZERFEDED 5
Niz (2 TH 1973, 1976, B - 4 H 1976, 5 1978, YL -
ETH 1982, 1984, 1986, Y7L 1984, (HF) HAFE « A
iz > 22— 1983, 1984, {EER 1984, H 5 1984), T D%,
1985 fEIC FI ZHEiEHIC W 5 T D DT EEAVR E N
ZORRB L OFEEE (Fig. 1) LT, O Ah—7
B 175 FTHB L. @ hAGE (T4 2H—0D
HIHEE LIEHIEOZ) (0.l mm UL ETHBT L, @ T o
VHAREE L €y FOLL B (L Z) 0.15-0.20
UFTthadze. 7530V b ZAH0ISLITTHB T &,
@ T4 A—EE A (B, 2 105 mm A ETH

JERIREAY - A3 45 H 31 H O JRASZE B3 EI H 27 H
1) BRI T WEZEAT # RIS S

2) HmEHat

3) ARAEREWETET AMINL « RpIEWE7 s

4) ARER W ZERT RS H T A s

5) HUEB KA B 52T

52k, 7Y bIAA1R2Zmm U LETHB L, &
WET2EDTHsTeeaIniz () HAREE « &AM
Fiflitz > 2 —71= THEZRES: 1985), HIE. ENTIE, &
FERBAMICH WS N B LM T I F O TEE I
T4V H—ET 124~ 25 mm (BFME) O F)HMEH &
NTVBED, T4 HA—ETZEILIFELTST EICK
D, T THREREDOSR b O b, Il TREOWE T 3RV F—
DOHIR. 1y Z—=1ctpB o= 7 a X SO, 5
B EORBAIETES, £, EvFaIhEL
TBHZETHhARKRICELZBHNNNE 5% (HIT
1984) DT, #HEEROFE 2R LTAA—THICLEL
TEEREENZIMA ST e TERIEDN, T4V H—EZX
WEWEIMAA—THZFBICN T TE S, Bif
TEREDELND EEZLND (JIL - BH 1984), REH
(CERS 2021) IZBW TR, ETOEWT + A—& LT,
T4 VH—EE 3.5 mm OAF FIMEFERL, ZOfhT,
SR DR ZITV, ZTORRELTTIA v H—EX 16
mm O XF FJ ¢ & [AFEOME 2G5 72Dk, FI DFIK
KT 38R (T U H—EE, AA—TERLE. €
F. MIRE T EKERE) OB 2TV, FI OEE I OR

* RMER WL EAEMEIZEEE T 305-8687 RIKIR D IETHMADH |
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Fig. 1. 74 V=Y aA v FOBIRESE

Geometric parameters of a finger joint

L: 7 4 > J/j—E X Finger length, p : ¥ F Finger
pitch, ¢, @ JEiE/E X Tip thickness, ¢, @ JEEARIE Valley
width, b : fR7T/EE Bottom thickness, tana : A 771—
T EREE Slope

LERZ2BENDH B EZHEMC U,
ZTTCAMETIE, 74 Y H—EX 15 mm (AFHMHE)
DF] LAREOESHEZAE L. AEOMENMELNDS
X FIDERDEHEZII OV TR EITV, T4V
A—EE6~Tmm (2FHE). EvF 1.7mm. AH—
THERLE V10 L FICAMZIN T TER X557 0 2 H—
Ty B—TfFL, OTDT 4V H—Hy Z—="FHNT
MILZET AV H—EE63mmDAF, b/ F, VYR
Y FJ iRBRIAA D TSR EERF I 2 AR, PR 5 & U CHER
CERS 2021) ERCT ¢ A=Ay Z—ZHVTIL
oo 74 YH—EX 17 mm, 3.7 mm O FJ # O i F s
Rtz Nz, 74 U H—EZTIE. FIEOMNAGDIREE
TR LS AT, LEEOMICERELZ, THlck /F
WKOWTIE, @74 VAH—REE63mmichTLizT 1
H—=HwZ—=—LRCAYyZ—Z2HVT, 74 VH—EZT
6.5 mm O FJ ik BRIAZEBI L, Z Ol FsR R 2 X
72 ED, ORBRIERI LT 4 V=T Z—THNT T 4
YAH—EE 6.7 mm O FIilBRAZER L, thiF 35217 -
Teo BB, ARICETZT7 40 VH—RE, EvFEHDF)
DOREHEOERX, Hy Z—OHNDOTETIR AL, L
ENTMOSETH S,

2.74 VA=Y 347 FOERODBERDIRFT

T4 vH=YaA>rhr (FI) OBIREBEICEL T,
Selbo (1963). Rao et al. (2012) 137 « ' H—IIRDREHE
(74 VAT, AA—7EME, €vF, BHEX)
(Fig. D ICBT 2 ME1 21TV, FIMOsEZH LT ¥ 57
DITIF TR EEAMEDIRETHH, T4V H—DES
HORAW NI, T4V H—DWTTDED (v b&
vaY)DiEEV HICMABNE LI T4 VY H—EX
Y FERBEIERMEICT A ENEETHSE LTV,
AW TIEMEHERMAS S I N TS T ¢
YH—EZT 15 mm (NFME) O FI EFEIFEO5[EE D 5EEN
Bonsdks, 74 H—EE 15 mm (2FME) D FITE

RaEBEC, HEEEIRKEL. MOEIIHT S %y b
Yo aryOENEL, TV H—EIHRKDENF]
BRI LT, 74 Y H—EX, EvF, XAAh—T7ER
e EREE LW e BEOKRMN BT T, T4 Y H—
RBE 2 LGA, BEnEZRKEL TRy F
EINELTR20ENRD B, iz, Ah—T7EFILEFE
D SREEDBREIH S M U7z BEHED SRR (7% « 55% 1957)
DFERD S A —THEMIE 110 FET BT & & Lz,
TN OB OFER, 7 4 VI —J1y Z—D8LE, At
DOIMTHEE., FIONMABREEEEL, 74V H—EET%
6 ~7mm (WNFME). v F%& 1.7mm, XH—TEFLL
ZI0 L TOBIRICAMEMTTEEX5% 7« 2V H—
Jiw B—E U, TOF Tl T#HEINTMOAKRD
Wi (1 mm X 1 mm) 72O DRAA—T7 MmOk (B3
EAmE &, AAh—7EBED i hE T Eh b,
AN—THOEX T4V AH—EEZELCELTEHEL
7emE. T4V H—EEN6mmDEE, 7.1 mm’ £74% 0.
T4 VH—EET 15 mm. €Y F 3.8 mm D F] DFN#EE
HiFE 7.9 mm® D 90% TH 5,

. BRI B U T 1k

3.1 UERDIESE

B \Z. R & (Cryptomeria japonica), & / F
(Chamaecyparis obtusa), T <Y (Picea jezoensis) D
Otz Hvic, AF0 S (IE 125 XFE 33 XEE
4000 mm), BT/ FOEHR (IF 125 X JFE 35 X E
& 4000 mm) &, HEHAXTL—T 1 I ANVT
ETAMOMFY > 7RO EEZWE L, Table 11
MY KTV —=T5H5F LI, YRV EH (I 125

Table 1. O ZEROMF Y TR K B T NV—T

Group of lumber by bending Young's moduli

T YN—F  E, O
. Range of £
am
Species Group (kN/mm?)
AF Egm05 50=E, <60
sugi (Cryptomeria japonica) Egm08 8.0 = E, <9.0
Egml0  100=E <110
v/ F Egmll  110=E <125
hinoki (Chamaecyparis obtusa) Egml2.5 125= E, < 14.0
Egml4 14.0 = E,

VY
ezomatsu (Picea jezoensis)

By MRS L—F ¢ v IRy VR ANTHE LD &
WO EE OISV > F RO FIaE
Average of bending Young's moduli of lumber measured
by grading machine

TRARE S BT TER S 55 21 % 1 5, 2022
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AF sugi (Cryptomeria japonica)

T YA RE DR S T TREE M O5RERE 3
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29
29
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120

10
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—_— e —

&/ 3 hinoki (Chamaecyparis obtusa)
TV ezomatsu (Picea jezoensis)
&/ 3 hinoki (Chamaecyparis obtusa)
TV ezomatsu (Picea jezoensis)

AF sugi (Cryptomeria japonica)
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840
850
850

29
29
29

120
58
58

10

12
12

t /& hinoki (Chamaecyparis obtusa)

1.3
0.50
0.50

1.7
1.7
1.6

6.5

No. 2

FJ-6.5
FJ-6.5-0.50
FJ-6.7-0.50

6.5

No. 2

t /3 hinoki (Chamaecyparis obtusa)

6.7

No. 4

XEE 33 XEX 3600 mm) &, HiFv I REkicks s
=TT rbkho i,

3274 H—Hy Z—0DfEE

FERIC I Table 212779 No. 1 ~ No. 4 D 4 fHfHD 7 «
VH—=HhyZ— (Il (KR B2 ZH L
FNFENDI Y Z—DHNDOE I EE 2 MR IZIEH
WUTHsB, LIEN->T, IMLENTARMDT ¢ 2 H—D
EEIRBIR BUIF, AT ) &, 740 H—ESN
EWVWEE, €y FIERELAD, BOWIESE, €y Fidh
&%, F7z, Table 2 D No. 2 DHw Z—%FH\iz
TOXSIC FA—DAY Z—Z2HVIGAETE T 2V H—
EXEWHBT 5 LHAHETH S,

3.3 FJ EBRIADIER
331 74 H—RET 17 mm, 6.3 mm, 3.7 mm DAF,
E/F. TV F)HEBREDIER

AF, b /F IRV OERNDEEX 435 mm O
ZYJOH U, Table 2 1S/RENZ 3D T 0 > H—H
Z—No. 1~ No.3ZHAWVT. ZNF Nl F ik FI-
17, FJ-6.3, FI-3.7 ZF8IL 7z, AF, B/ FIIDOVTIE
Table 1 ISR L7 =T kic, WLCUERISYIDH
LieME T ZIZTHEL, ZYSVICDWTRFELCOE
W50 UME L Z7ZTHE LTz, O HROME
DEHIC KD, RERABUE, AFITOVTRETIV—T,
F] DFEFEICDE 8 ~ 124K & / FITDV IR/ I ILV—T .
FJ OFEHICDE 5~ 11k, TV VICDOWVWTIE FI OFF
HICDE 18~ TH > T,

T4 YH=OYHIINTISIE T « =T (B K
SEBIERT C64-KDL) Z Vv, O ZMRDIEIIC T « > A —
FAIRDEHENZ X5 I Uiz, IMLRDT ¢ > H—H
2 — D AEEIE 3500 rpm, A4 DK D HE X 9.0 m/min &
Lice TOEED 1 MDD DED mIE 1.3 mm/knife T
HoTeo EEFNCILIIVY ) —IVERBTE () A—
71 DF-40) %W, RIS T3 AT RED RS
TETHESNDIMSTOMDT ¢ Vii—lcFAmar7T o
T®A (WE®RA) Ui, BRI T4 o H—YaA Y
F LA (B %118k LT FACLS) 7 Wy, Table 2 1T
IR EREE M S INZ . ERERERT 10 BTz THEE
Ufzo TERRR 715, IRER 20 °C. MHGHEE 55 ~ 60% D
BENTH I OAMBELUE, 4liz 7 L—F—ThT
L. 8120 XJEE 29 X EE# 840 mm I FiF7z,

33274 H—EE65mm DL/ FJ HERKDIER
Table 1 DY > JHRED 7 )V—"T Egml4 Dt /) F O &
WS EE 435 mm OMZY]D H L, Table 2 IZ/REN S
FBR{A FI-6.3 DIFEUC W28 D LU T ¢ Y H—H
Z—No. 2 ZfiHL T, 74 H—EX65mm, ¥vF
1.7 mm @ FJ ik (LUR, FI-6.5 &9 %) Z{EH LTz,
T4 VA= DIMLEM. SIS Table 2 DEBO TH



%o JEHHE T4, RER 20 °C. HIXHERE 55 ~ 60% D=
TR 1 D HBEE LTzt 4 ik L—F—ThHILL T,
E 120 X 2 & 29 X E X 840 mm ik LiF7z,
333EEBMAES8 MM, 74 Y H—K T 65 mm, 6.7
mm Dk / F F) EHERERD/ESR

T4V H—EE6~7mm (WNFMHE) DFIICDOWVT,
T« VH—DBIRE KT YA L& OB 20\ % 7
®IT, Table 1 ISRENTY VTR E0D 7 )V—T Egml4 O
E/FOERIIKZ, EE 1000 mm ICYIWiL, T HIC
& 60 mm ICHEHRE L7k, ZTNH6Z2T a1 > POV
Bk (ND & 2 FEEO FT BRI IS 00 T2o FTERBR
PRDOVEBNT X Table 2 D 2 FFHD T + > H— 71 22— No.
2 & No. 4z, ZNZ N F AR IK FI-6.5-0.50. FI-
6.7-0.50 Z{ERI U7z, L& N7z FT DJEIRIE Table 2 D &
BOTHB, sB. FIEkiE LidOEE 1000 mm OT
EWZEE 500 mm I YW L7294, 7o CTHES U CEBLL 72,
T4 VA—OYHIINTICIE 7 ¢ ATk (B KF
BEHT C64-KDL) Z WV, U EROIEMEIC 7 « ¥ H—1F
KOBND K5I L Ul InLRED T ¢ A —Hy Z—
DA FEEE 3500 rpm & L, 3£ D &Y 0.50 mm/knife & 7%
B E MDD M 3.5 m/min ICFIFE LTz, Fid3.3.1
I CIETHEERIOBA, [EiiziT-o . JERIT I
120 MPa & L7z, £7o. REENTDDD S TEBRETT ¢
YH=VaA Y MENSEERINTAICEAM L, 2D
BBEHMITHRICE(EDAOSNGTNWS END, T g U H—
TaAY IR TRIEHAEGENT NS EHW L, ERERE
7% 33.1, 332 &0 EENsHE Lz, EESIcELY
W/ —)VREE ((BK) 4 —3 74 DF-40) ZHW\ iz, #
2QHMZERHOIRNENTELE LR, 4HE T L —F—
THIIU T, I§ 58 XJEE 29 X E&H) 850 mm ({1 LT,
IR 20°C, FHGHEE 65% OZENIC 1 ERERHE Lz,

3.4 FJ ERBRIR, NJ SXBRIAD RIS 5L ER

Ak BRA D # T FABRIC IX KRB 50 kN O JT HERLER
() BEESERT AG-5000B) Z W T, 3% /754
ARG THEM U /2o BMAD T Ty MY A X510
HhFRkBR & U, SCm BRI B IA DIE X D 21 %D 609
mm, 7a H A A 203 mm & U7z, FI AV s
Ric, £z, FIDOBIRNENSmEMN ST EEFD) &
N5 XIGRRAZERE Uz, MBS IE 5 mm/min & L
Too XRMEHRO FEBD SEERIAIC 2 A& (IE 58 mm O FJ
FRERA T & O NI RRER A Z O 2 il BRI DD Tk 1 A)
DZEAiEE (B REGAIZRIFZEAT CDP-50) DE 172 #2
il & T, IAEFO Tz b A EERIE LTz,

R ARARTE D 10 ~ 40% OHIPAIC I51F % faf 8 & S H
RDI=pIHmOFE E DRGNS BT odirv 7
R RS, RAMEN LTRSS BRI LUl Fiz,
RAMED 10% & 40% O E & TzbHAREDHZFEATR
ERRD y WO (REOE) &, fiff—7zbimd %k

RS AR y O (RFEOE) DERAMED 1% I
MY 2L BN 7z S 2 LEFIREREE L (KE DS
2010a, b), IAMBEICHT BENEZ KD,

BB OME, 2bARIEIFHOTAHER (R Al
ERWEFEAT TDS-303) % FHWC 1 FRIBE CUER LTz, &R
BRKBEZEEROE 50 5 B E 7 AICHI 30 mm DM ZE]0 HY
L. BWETEKRERD I,

4. FR B
4.1 HIFEERIER
41T T4 AHA—ET 17 mm. 63 mm, 3.7 mm DAF,
E/F. TV F)RBREOIFEERER

AF, v /F, TYVIZDWVT, Table 2 IZREND
3D T 4 > H—71v Z—No. 1 ~ No. 3 &R T/ER
L7740 Y H—EET 17mm,. 63 mm. 3.7 mm D FJ illiE
& (FJ-17.FJ-6.3.FJ-3.7) O FiREAE 5% Table 3 ~ 51,
iy v > 7R L i E OBIR% Fig. 2 ~ 412, fafE
L lebRHBOMEE Fig. 5~ 712, FI iABRIADOBEE D IR
AEDHIZ Photo 1 ~ 3 1C/RT o KHEILARRIC 35\ THRIFERI D
FERZ RS 5,

4.1.1.1 ZAF F) &= BRIK

A F FI SR IA FI-17.FJ-6.3.FJ-3.7 DTV > Z5RE0X.
Egm05, Egm08 7 )V—7& &Iz, 74V H—DEXICH
DOOEITRMEETH >z, TR EIE. Egm05. Egmo08 i
TIW—TICEBNT, FI-17 & FI-6.3 TRAMRETH >,
—73. FI-3.7 OEFEIEZENS K0 &K<, FI-17 Dl
FaRE O FEE & O Ll Egm05 T 0.82, Egm08 T 0.75
TdH o7z (Table 3. Fig. 2), FJFlBR{IAD HH T T80 & 113 4%
EROMEENEET H L EZLBNSD, FI-63 DFJ-17IC
Wg B AT DOLEA 0.83 TH S DI LT, FI-3.71
DWVWTIEZ DA DTRED 052 L /NS Wz, Tk
ReLUTESENDPAEL, MTFBEIMEIN-72EEZD
N5, PR P S 2021) Tld, ARTHHALIET ¢~
H—HvZ—No. 1, No.3 LRUCAY Z—"H, 7«
VH—EEN160mm BT 3S5mm DT 4 VH—T a4
Y RAF T IF (FI-16, FI-3.5) OFRERZITV. FI-
3.5 D FI-16 IZx 9 258 E D LEAY Egm05, Egm08 TZ
NZNO075, 078 THoeME LN, TNHIEAM
TOREFAREDMTH > Tz,

RAMERFD 7z B & (Table 3. Fig. 5) 1&.Egm05 Tl
FI-17 & FI-6.3 IZABETH >, FI3T7I1EZN5 X0
E/NE L FI-171E09 % Held 0.75 TdH o 720 Egm08 Tl
FI-171Z%49° % FJ-6.3 DLl 0.85,F1-3.7 TIXZ DL 0.65
T®H > Teo AMEITHT B HLHBIBRE T EDOEIE (Table 3)
&, FJ-17 & FI-6.3 1 Egm05 TZ N Z 1 65.6%. 64.0%.
Egm08 TZ NZ 1 71.9%. 69.2% & [AFRE TH > = h,
FJ-3.7 l& Egm05 T 74.3%. Egm08 T 87.4% T&H > 1zo Ff
Egm08 CIXLLFIREZBZ 5 & RS & < N U
jeeEZb6N%, BERICIEHIF S FI-16, FI-3.5 1 BT,

(TN

5
oy
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T YA RE DR S T TREE M O5RERE 5

FI-17 BT FI-3.7 DI 5 M, AMEKOIZDHARITR
RRELZD, AMEITHT 2 IR EOH &
RRNEL o, ZOHERELTE, RCHY 22—
TIMTULEBETE 74 VH—REIEELHBISC L
Ty T4 Y H—DRIEEDNE L G270, KDES
MABDEL, BENEEREL LI ENEZILN
2o

FI ikBR A DOIEEDIREE (Photo 1) &, FI-17, FJ-6.3 I
DT, Egm05, Egm08 & &7 4 > HH—DBITTD
BWHENTETH O, WL ODPDRBIKATT « > H—DIT
TOIE L FIN TOREWIENELE LT DDA SN
7zo FI-3.712DW T, Egm05, Egm08 & &1CT o >~ H—

DIRTCTOMIENETH > 7eo /ey FI37 TR FE

FTARTCOREMAT Fifi GEEOED. EBm (EHEED &8
W LT 2 DIichoh iz,

41.1.2 & /% FJ sBRiK
v /& FJ ikBR1A FI-17. FI-6.3. FJ-3.7 OhiF v > 7%

BIZNZENDIIN—=T 1B T T4V H—DEXICH
DOOFTRBETH >z FUTTIV—THNTHITFEE D
V72 L9 % & Egml0, Egmll, Egml2.5 Cid FI-17
& FI-63 XFAREE TH > 2o Egmld Tid FI-6.3 I FI-17
IEERTRREMN o 7z (Table 4, Fig. 3)o TDENEL
72D FI-17 LRIEOMPIRE 21925 - IcEREI NS
MEICH L THEENPARE LTV lickb EEZD
N3, 74 A—DOYHIINTLRED 1 NHTzD DiED &M
KEWEZE, T VB ORINDETC BT &, 5
i, AH—THOHEWNRELRB L, T2 0H—
EX6mmD7 ¢ VH—=IZDWTIEED A 1.0 mm/knife
EOERELAEDB LT 4 VAT DRIFTH RSN
TEDPMEETN TS (FEARS 2018, Fujimoto et al. 2019),
Egm14 IC DWW, DRI R A A —THOME DM
EFITo TOWRVA, TNEDOREIC XD FEEHBEOA
EREE N OREME CTefzdic, FI-17 L RIZE D)5
ENEENENSTEEEZALNS, | AHTzDDIED
BZ/NE LT T4 Y H—TZ{Td> T &Ic kD, bk

Table 3. A FJ idlflk (FJ-17, FJ-6.3, F3-3.7) OHhiF ik a
Results of bending test of sugi (Cryptomeria japonica) FJ specimens (FJ-17, FJ-6.3, FJ-3.7)

Ratio of

. P, to Def. at
Species Group FJ n p E, a, P, max?mum maximum MC
load load
(kg/m?) (KN/mm?) (N/mm?) N) (%) (mm) (%)
AF EgmO05 FJ-17 8 Avg. 429 5.22 33.4 3610 65.6 20.2 11.8
sugi Min. 381 3.65 28.0 2960 56.7 16.6 10.9
(Cryptomeria Max. 487 5.73 38.4 4109 73.5 24.6 13.8
Japonica) S.D. 337 0.688 3.45 363.8 5.55 3.23 1.04
C.V.(%) 7.87 13.2 10.3 10.08 8.45 16.0 8.75
FJ-6.3 10 Avg. 411 5.48 333 3430 64.0 19.0 12.6
Min. 337 427 24.9 2327 54.0 12.5 10.9
Max. 461 6.22 41.4 4144 82.1 25.5 14.7
S.D. 40.9 0.621 597 515.2 9.25 4.01 1.39
C.V.(%) 9.94 11.3 17.9 15.02 14.4 21.0 11.1
FJ-3.7 12 Avg. 424 5.28 27.3 3305 74.3 15.1 12.0
Min. 351 3.86 19.9 2348 55.7 11.4 10.7
Max. 492 5.87 35.0 4663 100 19.8 13.5
S.D. 51.2 0.584 4.34 641.3 15.4 2.55 0.987
C.V.(%) 12.1 11.1 15.9 19.40 20.7 16.8 8.23
Egm08 FJ-17 8 Avg. 426 7.97 43.7 5144 71.9 17.0 11.8
Min. 373 5.76 343 3922 56.4 12.3 10.1
Max. 494 9.11 53.0 6175 82.7 22.8 13.0
S.D. 43.6 1.00 6.98 725.5 8.70 3.54 1.07
C.V.(%) 10.2 12.5 16.0 14.10 12.1 20.7 9.12
FJ-6.3 10 Avg. 425 8.31 41.0 4586 69.2 14.6 12.1
Min. 369 7.04 26.1 3156 60.4 10.5 10.9
Max. 478 9.31 50.0 5521 79.5 18.7 13.2
S.D. 42.1 0.622 6.84 751.8 6.83 2.69 0.841
C.V.(%) 9.90 7.48 16.7 16.39 9.86 184 6.97
FJ-3.7 12 Avg. 412 8.34 32.8 4656 87.4 11.0 12.4
Min. 365 7.13 26.4 3860 67.1 8.83 10.8
Max. 447 9.22 39.2 5166 100 14.0 13.5
S.D. 249 0.616 4.03 391.4 11.3 1.42 0.868
C.V.(%) 6.04 7.38 12.3 8.406 13.0 12.9 6.99

Species - #ffE . Group : 7 )L—"7" (Table 1 Z5 /1) See Table 1. FJ . BT FEA{A% Name of bending specimens.

n - RBRIAEY Number of specimens. Avg.  “F-I{H Average value. Min. : £//MH Minimum value. Max. : fA{H Maximum value.
S.D. : FEHE(R 2 Standard deviation. C.V. : Z°HI{R£{ Coefficient of variation.

p * % Density. E, © i7"V > 7 {2 Young's modulus in static bending. o, * ifii35H/% Bending strength.

P iU EEBIBE FE B Proportional limit load.

Ratio of P, to maximum load : FRATEEIC NS B HhUF ELAIFRE FE {77 82 D | & Ratio of propotional limit load to maximum load.
Def. at maximum load : E K EERFD 7z Fr i Deflection at maximum load. MC : 737K Moisture content.
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Table 4. & / F FJ idlffk (FJ-17, FJ-6.3, FJ-3.7) OhiF ik R
Results of bending test of hinoki (Chamaecyparis obtusa) ¥J specimens (FJ-17, FJ-6.3, FJ-3.7)

Ratio of
. P to Def. at
Species Group FJ n P E, o, P, maxblpmum maximum MC
load load

(kg/m®) (KN/mm?) (N/mm?) N) (%) (mm) (%)

/& Egm10 FJ-17 11 Avg. 461 10.7 55.8 6569 71.6 16.4 12.8
hinoki Min. 416 10.1 52.0 5790 61.1 13.7 11.4
(Chamaecyparis Max. 513 12.5 60.4 7355 83.3 18.8 15.1
obtusa) S.D. 33.0 0.702 2.56 480.7 5.98 1.62 1.16
C.V.(%) 7.16 6.56 4.59 7.317 8.35 9.92 9.08

FJ-6.3 9 Avg. 454 10.9 58.4 6398 67.3 17.8 12.5

Min. 413 10.2 52.4 4995 52.6 15.6 11.1

Max. 491 11.6 63.6 7352 74.5 20.7 14.1

S.D. 279 0.414 3.28 720.6 7.10 1.73 1.01

C.V.(%) 6.15 3.78 5.61 11.26 10.6 9.76 8.06

FJ-3.7 11 Avg. 468 10.7 41.0 5879 88.5 11.7 12.0

Min. 416 8.21 322 4879 55.6 8.40 11.3

Max. 520 12.5 54.8 6708 99.4 20.3 13.0

S.D. 31.2 1.28 6.52 7232 13.1 3.57 0.595

C.V.(%) 6.67 12.0 15.9 12.30 14.8 30.5 4.96

Egmll FJ-17 11 Avg. 463 11.6 55.2 6583 72.5 14.5 12.8
Min. 423 9.98 33.9 3708 64.1 9.83 11.5

Max. 507 13.0 64.1 7542 86.2 17.5 18.5

S.D. 23.6 0.943 8.12 1103 7.19 2.30 1.96

C.V.(%) 5.09 8.12 14.7 16.75 9.93 15.8 15.4

FJ-6.3 8 Avg. 456 12.3 57.0 6283 67.0 14.7 11.7

Min. 431 10.8 329 3414 57.8 8.12 114

Max. 488 13.4 66.7 8114 74.2 19.1 12.2

S.D. 19.2 0.926 11.0 1510 6.57 3.43 0.243

C.V.(%) 4.21 7.53 19.3 24.03 9.80 233 2.07

FJ-3.7 7 Avg. 449 11.9 46.4 6140 80.3 11.5 11.9

Min. 421 10.6 40.2 5226 65.0 8.71 11.4

Max. 479 12.9 51.3 7364 87.4 13.9 12.8
S.D. 21.9 0.723 3.58 815.9 9.24 1.77 0.482

C.V.(%) 4.86 6.06 7.71 13.29 11.5 15.4 4.06

Egml2.5 FJ-17 7 Avg. 463 12.7 57.1 6962 74.1 13.2 11.9
Min. 451 12.0 49.7 5186 63.5 12.1 11.6

Max. 485 13.4 62.8 7952 84.9 15.1 12.5

S.D. 10.6 0.437 4.56 930.0 8.18 1.09 0.311

C.V.(%) 2.29 3.43 7.99 13.36 11.1 8.27 2.61

FJ-6.3 6 Avg. 462 12.7 56.4 7043 76.7 13.5 11.7

Min. 454 11.9 44.0 5765 68.5 9.69 11.4

Max. 472 13.1 63.3 7797 89.4 18.6 12.1

S.D. 7.31 0.428 7.76 807.3 7.65 3.13 0.331

C.V.(%) 1.58 3.38 13.7 11.46 10.0 23.2 2.83

FJ-3.7 5 Avg. 459 13.1 46.5 6571 86.9 10.1 11.9

Min. 446 12.3 34.9 5487 78.9 7.02 114

Max. 466 13.6 52.5 7474 100 11.6 12.2

S.D. 7.39 0.486 7.61 911.2 7.99 1.86 0.382

C.V.(%) 1.61 3.72 16.4 13.87 9.19 18.4 3.23

Egml14 FJ-17 9 Avg. 496 14.6 61.3 7956 79.1 12.7 12.1
Min. 470 13.9 50.4 6517 58.9 11.5 11.1

Max. 524 15.2 67.5 9410 94.9 15.2 13.5

S.D. 19.0 0.413 5.18 900.7 11.1 1.11 0.827

C.V.(%) 3.83 2.82 8.45 11.32 14.0 8.76 6.82

FJ-6.3 8 Avg. 498 14.5 52.2 7206 85.4 10.4 12.3

Min. 468 14.0 40.9 5831 64.8 8.22 12.0

Max. 530 15.5 57.4 8224 99.8 11.4 12.7

S.D. 20.4 0.467 6.42 890.2 12.4 1.10 0.340

C.V.(%) 4.09 3.22 12.3 12.35 14.5 10.6 2.77

FJ-3.7 8 Avg. 499 14.5 39.5 6040 94.0 7.60 12.0

Min. 480 13.6 25.6 3996 83.6 4.67 11.6

Max. 520 15.6 52.6 7421 100 10.2 12.9

S.D. 15.6 0.550 10.6 1362 5.98 1.98 0.443

C.V.(%) 3.14 3.79 26.7 22.56 6.36 26.0 3.69

Species : Kt . Group : 7 JL—"7 (Table | ZZH8) See Table 1. FJ : #iiJ 5B/ (A% Name of bending specimens.

n : FRBRIAEL Number of specimens. Avg. © *F-H9{H Average value. Min. : f%/JME Minimum value. Max. © iz K{E Maximum value.
S.D. : #5#E{R 7 Standard deviation. C.V. : ZZH{Z%X Coefficient of variation.

p * B Density. E, @ iV > 7 f2EL Young's modulus in static bending. o, : ifiiF5f/% Bending strength.

P, - T LEBIRRE G Proportional limit load.

Ratio of P, to maximum load : NI i LEBIBR EE faf EE D #| 5 Ratio of propotional limit load to maximum load.
Def. at maximum load : fx AT ERFD 7z FH & Deflection at maximum load. MC : 7 7KZ Moisture content.
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Table 5. Y'Y FJ ikt (FJ-17, FJ-6.3, FJ-3.7) DT AR, 4
Results of bending test of ezomatsu (Picea jezoensis) FJ specimens (FJ-17, FJ-6.3, FJ-3.7)

Ratio of

. P_to De_f at
Species Group FJ n p E, a, Pbp maxbfmum maximum MC
load
load
(kg/m?) (KN/mm?) (N/mm?) N) (%) (mm) (%)
Yy - FJ-17 22 Avg. 419 10.4 47.1 5234 66.5 15.7 13.5
ezomatsu Min. 368 7.18 36.8 3786 52.7 11.4 11.2
(Picea Max. 473 12.3 55.8 6666 80.4 242 13.9
Jezoensis) S.D. 31.8 1.29 4.60 813.0 8.05 2.71 0.570
C.V.(%) 7.58 12.4 9.64 15.53 12.1 17.3 4.23
FJ-6.3 18 Avg. 430 10.9 53.9 5593 63.8 18.6 14.0
Min. 387 8.26 44.7 4281 52.0 13.8 13.5
Max. 518 12.7 62.2 6859 72.5 23.4 14.8
S.D. 38.5 1.09 4.56 770.2 5.22 3.03 0.415
C.V.(%) 8.95 10.1 8.46 13.77 8.19 16.3 2.96
FJ-3.7 21 Avg. 428 11.0 49.4 5769 70.7 14.3 13.7
Min. 377 8.58 439 4132 55.5 11.7 13.0
Max. 510 13.0 58.1 7534 86.2 18.9 14.2
S.D. 35.1 1.24 3.84 943.8 8.50 2.12 0.359
C.V.(%) 8.21 11.3 7.78 16.36 12.0 14.8 2.62

Species : #iff . Group : 7 /L—"7" (Table 1 #ZJ8) See Table 1. FJ : {75/ {A % Name of bending specimens.

n : FRBRIAEL Number of specimens. Avg. © *F-HI{H Average value. Min. © f%//ME Minimum value. Max. : iz K{E Maximum value.
S.D. : IEHE(R 7= Standard deviation. C.V. : ZH[{#%X Coefficient of variation.

p * HJE Density. E, © HilFV > 7 f#EL Young's modulus in static bending. o, * H1iJ58/% Bending strength.

P, - T LEBIRRIE AT Proportional limit load.

Ratio of P, to maximum load : BRI RS 2 HH T LLBIRR R B2 0O #I|5 Ratio of propotional limit load to maximum load.
Def. at maximum load : i Kfaf EEIRF 0D 7z 30 &t Deflection at maximum load. MC @ 3 7K3 Moisture content.
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< 20N m A9 | gFy6.3, Egmos
o 30 N B 5,00 ©
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o O
20 | o)
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0 1 1 1 1 J
0 2 4 6 8 10
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Fig. 2. AF FJidliffh (FJ-17. FJ-6.3. FJ-3.7) OWIF Y > ZRE L i F i oMz
Relationships between E| and o, of sugi (Cryptomeria japonica) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
E,  #ilF Y > ZHRE Young's modulus in static bending. o, @ HfIlF 5% Bending strength.
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Relationships between £ and o, of hinoki (Chamaecyparis obtusa) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
E, i > ZHRE Young's modulus in static bending. o, * {fiiJ5H% Bending strength.
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Relationships between E |, and ¢, of ezomatsu (Picea jezoensis) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
E, - HF Y > 7 (%54 Young's modulus in static bending. g, - AU Bending strength.
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Relationship between load and deflection of sugi (Cryptomeria japonica) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
under bending
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Relationship between load and deflection of hinoki (Chamaecyparis obtusa) FJ specimens (FJ-17, FJ-6.3. FJ-3.7)
under bending (Group Egm10 and Egm11)
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under bending (Group Egm12.5 and Egm14)
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HORFIDVECENEIICL, ERLAA—TEHETES
I TERICT 20 END S L EZ SN,

RAMER Dz IR (Table 4. Fig. 6a, Fig. 6b) &,
Egml0, Egmll, Egml2.5 Tl&, FI-17 & FJ-6.3 (X [AIFE}E
THoeM, FIBT7E3ZTNEXDE/NEL FI-17 10T
BLbid. ZNZF10.72, 0.79. 0.76 TH > 7z, Egmls TIX.,
FI-17 1449 % FI-6.3 DLEIZ 0.82,.FJ-3.7 TlZZ DLtid 0.60
TH-oTzo RAREICKT 2 LLHIREREDEE (Table
4) . Egml0, Egmll, Egml2.5 C & FI-17 & FI6.3 C
67.3% ~ 76.7% TR E T & - 7z H. FI-3.7 & Egm10,
Egmll, Egm12.5 TZFNZEN 88.5%. 80.3%. 86.9% TH -
720 Egml4 T FI-17 1BV T E RAMEIIH T 3 LLH
FREEMIEOEIA X 79.1% & & < IR o 7z, FI-6.3, FI-3.7
TlX. ZNZFN85.4% L 94.0% TH V. LLHIREEZ X
ZEeMbaMENECEEZ BN, YT REOD
U Egml4 I 38UV C FI-17 & FI-6.3, FI-3.7 DD EHE
KR SNz,

FJ ilBR A DRHEDIREE (Photo 2) & FJ-17 IC DWW T,
Egml0 &7 « V H—DIRTC TCOMIEN L TH > 72h, FI
WTOREHGEE, 7 ¢ Y H—DAH— T H TCOMWENH
DETHENSEDEH >, Egmll, Egml2.5 TE7 «
YV H—DARTT T ORYEE & A J1— 7 H T OB EE A ERR IS
RIELEREEN ETH o 1A, FI AL COREBIED R
LTWicd D, FINTOREHIEDOATHIELIZEDE
Holzo FIIATE T 4 U H—DIRTTOWEE X S1—7
HTOMBEMEELZIRETH o 2. AH—THTOD
WIEDEIEGDIF S BEb o7 FI-6.3 1DV T, Egmlo
W7 4 2 H— DI TCOMIEN T TH > 7z, Egmll Tl
T4 VH—OIRITE FINTOARIEHENREE L E D,
T4V H—=DAH—THE FIHNTOREHIEINRTE L
728 OMNERETH > 7z, Egml2.5, Egmld TlE 7 ¢ >~
H—ORTTOWE, BXUCT 0V H—DWte FIST
DARIBHHEDNFERREITRE L2 DN H >z, FI3.71C
DWTIE, Egml0 ~ Egml2.5 Tld7 « > —DIRITLTD
Wil E A — Tl TOBEMNEE L2 DN ETH - 7z,
Egml4 Tld 7 4 YV H—DAH—TH TCOWENETH >
Tzo E72. FI-6.3, FI-37 Tl FmE GIEEOMD., Lm (E
EED BRI LT 2 Db NSk E RS hiz,

4113 TV FJ HE&tK

IVRVICOWTIEFY > TR TOX S EIT> T
WIRWA, AF b/ FEAERAD Egm7 ~ Egm12.5 7V —
TIHLT B EeEZ SNz, V<Y FIk (FI-17,
FJ-6.3, FI-3.7) ZNZFNOMITY > T HRE L iiFmE o
BEMRAD 5. FI-17 & FJ-3.7 QY > ZREUC S % Bl
BEFFBETH O, FI-631FZN5 X DOREOHN
IC% > 7z (Table 5. Fig. 4)o WHEEFELTT 4 2 H—
OIRTTTOWETCH > Tce TYRY FIMICOWTIE T «
VH—EET 4mm THTLUZFIMICDOWT T 4 VH—E
& 13 mm T L UM EFRREOHIT RN SN L

TR LB 55 21 % 152, 2022
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T o 2 H— ORI T OWHE T 1 2 H—DIRIT T DWHE T 1 2 H—OIRIT T DWHE
Wood failure at the FJ roots Wood failure at the FJ roots Wood failure at the FJ roots

T4 VA —DHITCTOWHE L FI T4 VH— DI TONIE L FI T4 H—DORTTTOWIEL FI
VT ORI EEANRAE U 72 il b AV T DOAREBIGEEANEAE U - i i VT OARIIHEEDNERAE U 7= it

Wood failure at the FJ roots and Wood failure at the FJ roots and Wood failure at the FJ roots and
failure beginning at the FJ and failure beginning at the FJ and failure beginning at the FJ and
progressing away from the FJ progressing away from the FJ progressing away from the FJ

AF  sugi FJ-17 AF  sugi FI-6.3 AF  sugiFJ-3.7

Photo 1. AF FJ idlififk (FJ-17. FJ-63. FJ-3.7) OREDIRAEDH]
Types of failure that occur in sugi (Cryptomeria japonica) FJ specimens (FJ-17, FJ-6.3, FJ-3.7)

[ Bulletin of FFPRI, Vol.21, No.1, 2022
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T 2 H— ORI T OWIE
Wood failure at the FJ roots

T4 VI —DHITTORIEE F)
AL T DOARFEERDNEE U TR
Wood failure at the FJ roots and
failure beginning at the FJ and
progressing away from the FJ

T4 Y H—DIRTTTOuE L
A A3 — T 1 T OWIEMNRAE U
R3S

Wood failure at the FJ roots and
failure along the FJ profile

t /%  hinoki FJ-17

Photo 2. ¥ / F FJ itk (FJ-17. FJ-6.3. FJ-3.7) DWEEDIRIEDH]

T4 Y H—DHGTTOIE, A
J1— 7T T O, FISTO
ARFBOERANERAE U T i

Wood failure at the FJ roots, failure
along the FJ profile and failure
beginning at the FJ and progressing
away from the FJ

t /%  hinoki FJ-6.3

T 1 2 H—DIRIT T DWHE
Wood failure at the FJ roots

T4 VH—DAHN—THTOD
Tz
Failure along the FJ profile

t /%  hinoki FJ-3.7

Types of failure that occur in hinoki (Chamaecyparis obtusa) FJ specimens (FJ-17, FJ-6.3, FJ-3.7)

TR S IRZL T TS 55 21 % 1 2, 2022
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7 4 VA —ORIT T OmHE T 2 H— ORI T OWIE T 1 2 H—OIRIT T DOWHE
Wood failure at the FJ roots Wood failure at the FJ roots Wood failure at the FJ roots

T4V H—DORTTTOWIEL FI T4 VH—DIRLTONEE L FI T Y H— DT TOWHELE FI
VT OATIHEEANERAE U T it VT OARGBIEEANRAE U 72 ik AV T ORI EEDRAE U 72 i b

Wood failure at the FJ roots and Wood failure at the FJ roots and Wood failure at the FJ roots and

failure beginning at the FJ and failure beginning at the FJ and failure beginning at the FJ and

progressing away from the FJ progressing away from the FJ progressing away from the FJ
IV  ezomatsu FJ-17 IV  ezomatsu FJ-6.3 IV  ezomatsu FJ-3.7

Photo 3. XY FJ idlififk (FJ-17. FJ-6.3. FJ-3.7) OWIEDIKREDH
Types of failure that occur in ezomatsu (Picea jezoensis) FJ specimens (FJ-17, FJ-6.3, FJ-3.7)

| Bulletin of FFPRI, Vol.21, No.1, 2022
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WE (EHS 1975) TN TED., AfgRicBVLTE TR

ERERDIERMNME SN EZ B NS,

AT ERF DDA E (Table 5, Fig. 7) & FI-6.3 TX
PKRELTIT 18.6 mm T, FI-17. FI-3.7 &P T 157
mm, 143 mm L[AFEETH > e RAREICHT S L]
[ & faf BE D #| & (Table 5. Fig. 7) & FI-17, FJ-6.3, FJ-
3IHTHEETHD., ZNEN66.5%,. 63.8%. 70.7%
THotzo Fieo AF, &/ FIBRAHD LLBIBRE I E
LTHB R HIBICEZDICH LT, TV FI ik
WIEBIRRERICIE U CLIR E Tob A m b N L7z, FFIC FI-
6.3 TIX FI-17, FI3.7ICHRTlbhaMhRE{#EinL
7z (Fig. Do TNHDFERDOKSICAF, v/ FLFHK
ZEmERLEORIY Y OBEREICL2bDEE
EAbNB, LW LENE  ZNZHEMNTT B7HITiE.
T4 VH=EBD A — T HOIRRE, RO, =YV
VOB, MG, R OBITORESE, BREIC
K BN THHE DA BRI DWW T & SICHENT 2 0B
H59,

FJ iR BRI Dl 1 D IR HE (Photo 3) 1. FJ-17. FJ-6.3.
FI-3.7DWINE, 74V H—OHT TOMENETH -
Teo T4 Y H—ORITTOMIE L FI 7 TOARTHIELE
ELTZE D, T4 Y H—DIRITTOMIE L X/ — T T
DHEMEELIZSEDE R 5Nz, £z, FI37TIETH
m GlEEOAD, ki (EfEAD & &ML T 2 DIy
N5 ERAN PR < RNz,

41274V H—EE 65 mm Db/ + F) REREDRIFER
ERiER

Table 2 IC/REND T 4V H—H v X —No. 2 ZHWNT
ERILT ¢ VH—EE 65 mm Db/ F FIikik (FI-
6.5) DT FRERAE A Table 6 1, TV > ZRE & Al
R E DORERZ Fig. 812, ffHE & 7zbAEDMFRZ Fig. 9
IR FI-6.5 OIFE X X FI-17 L AEETH > 120 T«
VH—DEIHRDOINTEHEIHPEL Ao ic kb
BEWMBENMEM UGS, MATT7 2 2 H—WMEL &>
722l XD T4V H—DWAEDNEL ZoTz (T4
A — D & DR NE 75 %) T IiCXBHEE
OO EN S > L EZB5ND, FI-6.5 DK
faf EEIF O 7z B & (Table 6, Fig. 9) (& FJ-6.3 (Table 4.
Fig. 6b) ICHRTRRKEL oM, RAMEIIHT
% LA R 1 1 2R D #1401 FI-6.5 T 84.0% (Table 6). FJ-
6.3 T 85.4% (Tabled) THVD. HFHLNEN T,
FI ilBR A DBIEDIREE (Photo 4) &, T4 Y H—DRA
H—THDRTHIBELI2ED, T4 Y H—DAXH— T
TOWIE L FI AT ORERBIENELE L7z & ODFFRET
bHoTz,

413 EBRAEMBEBS8mMm. 74 Y H—E T 65 mm. 6.7
mm Dt/ F FJ SHERED IS EERIER
T TkEDRWVE /& NI itk GRERADE 58 mm).

BE U Table 2 lSRENDB T « > H—71v Z— No. 2. No.
472V, INTEED 1 M7z b Dk D &% 0.50 mm/knife
WK LUTER- LT o —ET 6.5 mm, 6.7 mm D
t /& FIikBRfk (FJ-6.5-0.50, FJ-6.7-0.50) GlERIANE 58
mm) O RERAE A Table 712, #UF Y > Z %%k & ol
iR E DBIfRZ Fig. 101, M & TebAHmDOBfRZ Fig.
1112”9, NI ERER A D i F i i O F ¥ EIC 0 9% FI
BRA DTSR O FIEOEE BEEMHE) X088 TH-
720 FI-6.5-0.50 & FJ-6.7-0.50 & THIFE S ICE TR 5N
5o Teo E 120 mm OFERIAD TR X (Table 6. Fig. 9)
Ltgd s, iFmE, RAMERODAR, &K
IS T B HHIREREOE GOV k&L L

LT3 (Table 7. Fig. 11), 4.1.21CHBWVT, FI-6.3 &Lt
LT FI-6.5 DT8R E O L & i KRR O 7z b B
DHEIMCDONWT, 74 Y A—EEINREL ok tick
ZEARMOBME 7 4 Y H—DOhAENEL T
I KA OO K5 E D EEBRUTMN,
& 58 mm @ FJ-6.5-0.50 35 & U FJ-6.7-0.50 Fkb#{A Tlx,
iR, mAMERODARE, RAREIT S L
REREORHIGNM N ThE K& MLz hE, B
AFREOIMIINZ TT « > H—YHIROIN L&D
BHRIREVWEEZONT, Th5bDE, 1 AHHDIED
BIWNEL o 12T e TT 4 U H—=DRI W DRL R0,
T A= E TS TERCE, Ah—T
O EN T EUBEENRL Zo e, %
NONFIHOBEREDOM LICHFS L, #HRELTE
B AOMTBE Fl X8 EZ NS, BB, M
DN T ¢ V=Y aA > MMOMTREICS 2 %%
ICDOWVTIE, MOIEZIST A—Z—L LTHHD THRET
LZRENHA S,

FJ B A DO EE DO IRAE (Photo 5) (&, FJ-6.5-0.50, FJ-
6.7-050 VWITNE, T4 Y H—DRAH— T TOMEL
T4 VA= OWICT O XU FI 44 TOAREBHED
BELEZLDOHNETH Tz, TNHORIEDIRREE D
v/ FikEk (FJ-17. FJ-6.3, FI-3.7, FJ-6.5) ICHBWVT
&R ENTz, NI FER A T3 far 8 [ T OARIHHEN I T
oz,

42 ERMOBAREMIRE TED SN BEEEBE L DR
AR THWET 0 VH—EX 63, 65, 6.7mm, 3.7
mm O FJ ZREEHAEBRMHAO T 2 FIEHAT 2 2 &2
TE U FI Tl THEE U7z FI B A DB TR EE IS DWW T
LM O FAAREKIER (2019) (LIR, JAS £9°3%) I8
B REE LM S 2 - Ol 8 O IEHE(E & o Lk
#1772, Table 8 IC JAS OREEHEKM DIIFZICIIF S
FERXIC KB X DT 2 FOmEMREDIRUERIRT,
F7z. 2% FI BRI T 58 O RS E 7 Fig. 12 ~ Fig.
1519, LUK, MR bbig U7z Rz 509,

AF FIitlffAk (Fig. 12) @ Egm05, Egm08 7 )L— 7.
W& MM 2 2 F OBESHRKDO 150, L0 ICH YT

TRRA S BT TER S 55 21 % 1 5, 2022
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% EEZHN5, FI-17 Tld Egm05 T4 TDRERAD,
Egm08 Tl 8 7R 7 (R DFAER AN JAS ELUEMH D F I %
LED . DD 11kE JAS HUEED FREZ 7wz
U 7zo FJ-6.3 TI& Egm05 Tld 10 {A 8 {KAY JAS FEHEfH
OFfEZ LED . 50 O 2 ks FRIEZ T2z L
7zo Egm08 & 10 f&rh 9 fAkhY JAS FEHEM D (& F[al -
feo 22U 1R DI HIC FIRMEZ FEl > 7z, FI-3.7 T
1% Egm05 Tl 12 fhH 6 (AN JAS FLUEH D {72 |- [o]
D FROD6RD S B 1EZF DI I FIRIEZE REl- 7z,
Egm08 Tl 12 1A 4 {&HS JAS FEHE[E D 7% FE D |
580 8RD S B 1 KD I FIRMEZ FEl-> 7z,
v/ FFIit B & (Fig 13) @ Egml0, Egmll,
Egm12.5, Egml4 7)V— 7k, REEHEKMHZ 27D

Table 6. & / 3 FJI idlifilk (FJ-6.5) Ol aAEH R

RS D L100, L110. L125. L140 I T 3% &# %
5N %, FI-17 Tl&. Egml0 TE 2 TOREAD, Egmll
T 1A 10 & A, Egml2.5 T & 4 T Ok Bk A,
Egml4 TlZ 9 1k 8 & DS JAS BEHUEME D F1g % [ [[] -
7zo Egmll O 1K DWW TIE JAS FHEHD RIREZ DT
M Te a5 72, Egmld O 1 RIS DV T JAS HaE
fED RIRfE# 7z LTz, FJ-6.3 Tl¥. Egml0 TIEETD
FABRIRY, Egmll Tid 8 fAH 7 /&M, Egm12.5 Tid 6 &
S RDY, Egml4 Tld 8 f&H 6 PRAY JAS FEHE(E D2 {H
% Fl> 7z, Egmll O 1{KIZ DWW T JAS FEHEE O R
EEDTICHEZE 5h > 7. Egml2.5 D 1A, Egml4
D 2RIC DV TIX JAS EHEE O TR Z i 72 L 72o FI-
3.7 Tid. Egml0 T 11 f&H 6 &M, Egmll T 7 &

Results of bending test of hinoki (Chamaecyparis obtusa) FJ specimens (FJ-6.5)

Ratio of
P to Def. at
Species Group FJ n p E, a, P, bp maximum MC
P maximum
load
load
(kg/m?) (kN/mm?) (N/mm?) N) (%) (mm) (%)
/& Egml14 FJ-6.5 9 Avg. 481 14.7 56.7 7776 84.0 11.8 11.9
hinoki Min. 468 14.2 50.5 7255 73.4 10.0 11.5
(Chamaecyparis Max. 503 15.0 66.2 8247 91.6 13.9 12.6
obtusa) S.D. 11.0 0.287 5.41 289.0 5.98 1.44 0.367
C.V.(%) 2.28 1.96 9.54 3.716 7.11 12.2 3.08

Species : f6{fd . Group : 7 )L—"7" (Table 1 ZZH&) See Table 1. FJ © [ifii7lB#{AY: Name of bending specimens.
n - RBRIAEY Number of specimens. Avg.  “FII{H Average value. Min. : £//MH Minimum value. Max. : i AfH Maximum value.

S.D. : tEHE(E 7= Standard deviation. C.V.

D BHYREL Coefficient of variation.

p . Density. E : gV > 7' %%% Young's modulus in static bending. o, - HI 8 Bending strength.

P - T EEBIBRIE R Proportional limit load.

Ratio of P, to maximum load : FAATERIC NS B HhlF ELAIRRE 2 {77 82 D I & Ratio of propotional limit load to maximum load.
Def. at maximum load : i KfafEERF0D 7z 30 A& Deflection at maximum load. MC : & 7K3 Moisture content.

hinoki (Chamaecyparis obtusa)

mFJ-6.5, Egm14 L

0, (N/mm?)
N
o

6 8 10 12 14 16
E, (kN/mm?)

Fig. 8. & / ¥ FJ iklifk (FJ-6.5) DTy v 7R &
T s g O B %
Relationships between E, and o, of hinoki
(Chamaecyparis obtusa) FJ specimens (FJ-6.5)
E, M v > J & % Young's modulus in static
bending. o, HIlF5R% Bending strength.

| Bulletin of FFPRI, Vol.21, No.1, 2022

12000 o hinoki (Chamaecyparis obtusa)
FJ-8.5, Egm14
10000 r
8000 -
z
el
1]
S 6000 +
i
iz
4000
TAREROEDHE
2000 | Deflection at maximum load
Min. 10.0- Avg. 11.8- Max. 13.9mm
0 1 L L 1 1 |
0 5 10 15 20 25 30

f=1é & Deflection (mm)

Fig. 9. & / & FJ ikliiifk (FJ-6.5) Ol F skEkME i HE &
febHmOMG
Relationship between load and deflection of hinoki
(Chamaecyparis obtusa) FJ specimens (FJ-6.5) under
bending
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T4 YH— DT TOHIE L T 4 VA — DA — T TH T O
A 71— 7 T DWIENEE L L FI S DOARIBHIEDELE L

Tl Tt
Wood failure at the FJ roots and Failure along the FJ profile and
failure along the FJ profile failure beginning at the FJ and

progressing away from the FJ

t /&  hinoki FI-6.5 t /&  hinoki FI-6.5

Photo 4. &/ F FI idliifk (FJ-6.5) DEDIKEDH
Types of failure that occur in hinoki (Chamaecyparis obtusa) ¥J specimens (FJ-6.5)

Table 7. & / F NJ adlffkds K T FI itk « (NJ, FJ-6.5-0.50, FJ-6.7-0.50) DT Al
Results of bending test of hinoki (Chamaecyparis obtusa) NJ and FJ* specimens (NJ, FJ-6.5-0.50, FJ-6.7-0.50)

Ratio of

. P_to De.f. at
Species Group FJ n P E, a, (. maxblpmum maximum MC
load
load

(kg/m’) (N/mm?)  (N/mm?) ™) (%) (mm) (%)

v/ F Egml14 NJ 12 Avg. 514 14.6 89.6 4175 57.5 314 12.2
hinoki Min. 463 12.3 69.7 2850 43.4 21.4 11.7
(Chamaecyparis Max. 538 16.5 110 5146 65.9 46.5 12.5
obtusa) S.D. 27.4 1.46 11.4 793.8 7.84 7.91 0.237
C.V.(%) 5.33 10.0 12.7 19.01 13.6 25.2 1.95

FJ-6.5-0.50 12 Avg. 507 14.5 73.2 4021 68.6 16.9 11.9

Min. 451 12.6 65.9 2825 46.2 12.4 11.2

Max. 574 16.2 84.5 4766 86.2 223 12.3
S.D. 37.6 1.14 5.59 570.6 11.2 3.28 0.334

C.V.(%) 7.42 7.86 7.63 14.19 16.3 19.4 2.81

FJ1-6.7-0.50 14 Avg. 510 14.4 71.7 3897 67.7 17.1 12.0

Min. 461 12.2 59.8 3000 51.5 11.6 11.5

Max. 590 16.3 82.1 4647 86.0 313 12.3

S.D. 37.4 1.25 5.64 495.7 9.56 5.10 0.229

C.V.(%) 7.34 8.69 7.86 12.72 14.1 29.8 1.91

Species : Ki{FE . Group : 7 /V—"7 (Table | ZZS ) See Table 1. FJ : #lil) 5hER (A% Name of bending specimens.

n - lBRIAEY Number of specimens. Avg.  “F-I{H Average value. Min. : £//MH Minimum value. Max. : A Maximum value.
S.D. : (R 7 Standard deviation. C.V. : ZH{%R%{ Coefficient of variation.

p 5 Density. E, Y > 7 (REL Young's modulus in static bending. o, © HlIl 5% Bending strength.

Pt iU EEBIRE FE T EE Proportional limit load.

Ratio of P, to maximum load : F KM HIC 9 % HilF LI ERIEARTE DEIF Ratio of propotional limit load to maximum load.
Def. at maximum load : B KfEERFD 7z P Fr i Deflection at maximum load. MC : 757K Moisture content.

* N TIRED 1 A)dH7z D Dk D & Feed per knife = 0.50 mm/knife

TR S IRZL T TS 55 21 % 1 2, 2022
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120 12000

hinoki (Chamaecyparis obtusa) hinoki (Chamaecyparis obtusa)
L NJ, Egm14
[ ]
100 | e 10000 |
) [ J
[ -]
80 on “ i.- 8000 |
I | | OO =z
= WO W F'gd =
£ 60 | o S 6000 |
E |
e @
40 t+ o NJ, Egm14 4000 |
mFJ-6.5-0.50, Egm14 EAREEOEDAS
20 | ©FJ-6.7-0.50, Egm14 2000 | Deflection at maximum load
. Min. 21.4 - Avg. 31.4- Max. 46.5mm
0 . . . . ) 0 . . . , |
8 10 12 14 16 18 0 10 20 30 40 %0
E, (kN/mm?) =hHE Deflection (mm)
EENT N EEN 12000 hinoki (Chamaecyparis obtusa)
Fig. 10. & / F NJ idlififA I X O FI allififh = (FJ-6.5-0.50, FJ-6.5-0.50, Egml"lra
FJ-6.7-0.50) DT > Z R & M F 5 D BIfR 10000 |
Relationships between E, and o, of hinoki
(Chamaecyparis obtusa) NJ and FJ* specimens (FJ- 8000 |
6.5-0.50, FJ-6.7-0.50) z
E, ¢ Wi iF v > 7 & % Young's modulus in static g 5000 |
bending. g, : {58 Bending strength. H;H
*INTRED 1 A o7z D D3k D & Feed per knife = 0.50 ' o |
mm/knife
BAWEROLDAE
2000 L Deflection at maximum load
Min. 12.4 - Avg. 16.9 - Max. 22.3 mm
0 L L L L J
o] 10 20 30 40 50
7=HhHE Deflection (mm)
12000 hinoki (Chamaecyparis obtusa)
FJ-6.7-0.50,Egm14
10000 -
8000 |
Z
o
@
S 6000
8
i
4000
RAWEROLOAE
2000 | Deflection at maximum load
Min. 11.6 - Avg. 17.1 - Max. 31.3mm
0 1 1 1 1 |

0 10 20 30 40 50
=hHE Deflection (mm)

Egm14

Fig. 11. & / 3 NJ idBfk 35 X O FJ ik « (FJ-6.5-0.50,
FJ-6.7-0.50) O F i BRI D & 7o b B E O
B %
Relationship between load and deflection of hinoki
(Chamaecyparis obtusa) NJ and FJ* specimens (FJ-
6.5-0.50, FJ-6.7-0.50) under bending
*TLRED 1 A b7z D D3k D & Feed per knife = 0.50
mm/knife

| Bulletin of FFPRI, Vol.21, No.1, 2022
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i EE AU ] C DA B s 1 T4V H—DRITTOmIEL
Wood failure between loading A — 7 [H TORFEMNIELEL
points R3ES

Wood failure at the FJ roots and
failure along the FJ profile

T4 VA= DIRITTONE L
A H— T 1l TDORENEAE L
R3ES

Wood failure at the FJ roots and
failure along the FJ profile

o 28 55 T D AR T 4 VI =D A I— T W T
Wood failure between loading 1 & FI 4} T D ARERWHE D RE
points U7t

Failure along the FJ profile and
failure beginning at the FJ and
progressing away from the FJ

v /&  hinoki NJ t /F  hinoki FJ-6.5-0.50

T Y H— DA N — T TONE
B L FI 94T OARE I DNRAE
U 7ot

Failure along the FJ profile and
failure beginning at the FJ and
progressing away from the FJ

t /&  hinoki FJ-6.7-0.50

Photo 5. &/ & NJ illifA$s & O FJ allifk = (FJ-6.5-0.50, FJ-6.7-0.50) DEEDIRTEDH
Types of failure that occur in hinoki (Chamaecyparis obtusa) NJ and FJ* specimens (FJ-6.5-

0.50, FJ-6.7-0.50)

* TR 1 M &7z D D1k D & Feed per knife = 0.50 mm/knife

TR S IRZL T TS 55 21 % 1 2, 2022
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SURM. Bgm12.5 Tid 56 3 (ADY JAS HUEEH D1 {H
% I:[Al5 7z, Egml4 Tld 8 469 X T JAS EAEHDFIfH
Btz X o T, Egml0 DD D 5K, Egmll DD
D 2 RIT DV TIF TR T JAS FHEME D FIREZ 7z LTz,
Egml2.5 DD 24KkD 5 B 1 K2 DV TIE JAS HHEMD
THRIEZERZ LD, &5 1EIZb T FIRIER -
T olz, Egmld D 8 AD S B 4 (ki JAS FHHEMD R
REAE 72 i 7z U 7 S, 4 AKRIE T IR Z i 7z E a7z — s
BN TER % T L 72 FI-6.5 @ Egml4 I BV Tk, 91k
SR T IAS B O Z TGz L. KD D 4kE

JAS D FIREZ iz Uiz, THIC1 AHT=
D DK EZ 0.50 mm/knife lICRELTT 4 Y H—hT%
T o 72 FI-6.5-0.50 35 X U F1-6.7-0.50 @ Egml4 (Fig. 14)
KBTI, MOIEIZMOAERAD 5 FEED 58mm T
HBM. FTNFN 1214k, 141KT X TOREBRIAT JAS H
HEE DI 2 i 7 U Tz

IV FI Bk (Fig. 15) 2DV Tld, dhiF it
ROMIT Y > TR EE S EICERIX D L E, L70 ~
LI25ICXK 3 E N3, TDEZELIICKSENS FI-17
DFRERIR 1 ADY JAS HUEEDEIIEZ I Rl - Tz,

Table 8. b D HAJRMBURIC B0 2 ERX 0 HRIC K 51X 00 T I F Omg e

Bending strength properties of lumber required by the Japanese Agricultural Standard for glued laminated timber

BERIX 1T K 255 BRUFY > J 1R 5L i &
Grade of lumber bending Young's modulus Bending strength
FEE TREAE
Average Lower limit
(KN/mm?) (N/mm?) (N/mm?)
L200 20.0 81.0 61.0
L180 18.0 72.0 54.0
L160 16.0 63.0 47.5
L140 14.0 54.0 40.5
L125 12.5 48.5 36.5
L110 11.0 45.0 34.0
L100 10.0 42.0 31.5
L90 9.0 39.0 29.5
L80 8.0 36.0 27.0
L70 7.0 33.0 25.0
L60 6.0 30.0 225
L50 5.0 27.0 20.5
L40 4.0 24.0 18.0
L30 3.0 21.0 16.0
sugi A sugi A
09 | (Cryptomeriajaponica) N m© 09 |+ (Cryptomeria japonica) Cm
g o8 A N © gos A FJ-37, Egm08 ° ™
@ o) o -
g 07 A 2 07 O FJ-6.3, Egm08 e}
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Bending strength properties of finger-jointed sugi, hinoki and
ezomatsu lumber with different finger lengths

Yasushi HIRAMATSU"", Atsushi TSUCHIYA®, Kiyohiko FUIIMOTO?, Seiichiro UKYO?,
Atsushi MIYATAKE", Kenta SHINDO" and Tomoyuki HAYASHI”

Abstract

In this study, the bending strength properties of finger-jointed (FJ) sugi (Cryptomeria japonica), hinoki
(Chamaecyparis obtusa), and ezomatsu (Picea jezoensis) lumber having finger lengths of 17, 6.3, and 3.7 mm were
investigated. Additionally, the bending strength properties of the hinoki FJ lumber with finger lengths of 6.5 and
6.7 mm were investigated. The following results are obtained. (1) There was no difference in the bending strength
of the sugi FJ lumber with finger lengths of 17 and 6.3 mm. (2) No difference was observed in the bending strength
of 17- and 6.3-mm hinoki FJ lumber composed of sawn lumbers with a bending Young's modulus of less than 14
kN/mm2. For FJ lumbers composed of sawn lumber with a bending Young's modulus of 14 kN/mm2 or more, the
bending strength of FJ lumber with finger length of 6.3 mm was slightly lower than that of FJ lumber with finger
length of 17 mm; however, the bending strength of FJ lumber with finger lengths 6.5 and 6.7 mm was equivalent to
that of FJ lumber with finger lengths of 17 mm. If finger pitch is the same, the longer the finger length is, the larger
the adhesive area; thus, it is considered that the bending strength of 6.5- and 6.7-mm FJ lumber is higher than that
of 6.3-mm FJ lumber for larger adhesive area. Additionally, by setting the feed per knife during cutting to 0.50
mm, the bending strength of FJ lumber with finger lengths of 6.5 and 6.7 mm was significantly improved. (3) The
bending strength for both sugi and hinoki FJ lumber with the finger length of 3.7 mm was low. (4) For ezomatsu,
the bending strength of 17-, 6.3-, and 3.7-mm-length FJ lumber was the same.

Key words : finger joint, bending strength, glued laminated timber, cross laminated timber, dimension lumber,
lamina, lumber
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