FEIE HEERR

AETIE, BEEAVPHRORVWEETTOEREIMY £EIT 5,

BB, AMETIE., ZOBRORBRLEHRL T, BERRLFESI L LT D,
3. 1 MOEDR:DERMM OEERR
3. 1. 1 BLwiz

T, = V=7—FKuy F (V) O—o2L LT, MEMNHELZRIESHIE
HKEMCTHIERMBPIESAVOND L 5ICR->TER, LAL, ZOERME
AWEEAHORHRNI, BETH, EW L WO BN —&8IC 2 2 LART o /M B
L OERMERAWEEZERER PBEIZR>TWVD,

AR, EWICH T 5 BRTRAROBEEELBERTT2200FE—HL LTE
BMEAVEEERBREZITV., TOBRENME L ESREERLOBRERI L
HLDTH D,

3. 1. 2 HERHFE

REBEICIT, FA—SHZERTY  7HRED 5.96Pa (60tonf/cm’) & 7 L — Fff
T &N A X (Cryptomeria japonica D. Don) HEEAF (& & 3600 mm X & 120 mm
X¥W120mn, RE7 IFTE 15m, ¥+ -WETZ IFE23m, FHEHKG6), 8LV
7.9GPa (80tonf/cm?), 9.8GPa (100tonf/cm’). 11.8GPa (120tonf/cm’) {27 L —
RitiF &= 5~ (Larix leptolepis Gordon) A (FHEZ OfIX, X
FEFMERL) 2RV, EFMIZ. £ — RZo& 8 KAE L,

I DOEMRMER 1720mm (EHERRE 14 #h4) OK SITHIBT L, REREHEIC
Ty IREERIE L, oz 7REIZOWT I L— FEDO Y
% Table 127K,

Table 1 Dynamic modulus of elasticity of glued laminated timbers

Grade Dynamic MOE S.D.
[GPa] [GPa] [GPa]
5.9 7.4 0. 490
7.8 9.9 0.422
9.8 12. 4 0. 379
11.8 14. 4 0. 546

Note.
MOE :Modulus of elasticity (Average)
S.D. :Standard deviation
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ERMICOF o7 V= NMER, ERMIE T/ V-T2 7~ it &y
KON, ERMEERTI7ITOREETHD, FL—FOELEERH SN
BT U T REBOEBRRRTDIE, ZDHTH D,

ER SN Y  TREOERIRBREICL - T—ETH o kd, 22T
FRBREOY 7R EE LTIV —FEZAW, AT, ZOE%E MOELRTDHZ
L&Y 5,

EROERMND, 120mm ADILFEZE VL, Fig. 13 IR TEHERREL
ML U7, BEEEIZIE, Fig 4R T L2, 2EORBREDOMAEZ MAWVE
LETIZU7HHL, HDVIAEEA RV 7Y (BT, U EBEHR) OER
ERIBDREFERBROPRIZEH T,

Load

Drift pin

\\

Direction

of the grain
—
Direction

of the grain

Specimen

Fig. 13 Schematic diagram of specimens

R & &

Clamp
@ Clamp the two pieces @ Drill lead hole in seam ® Remove clamps and put
together with sufficient of abutting pieces a drift pinon a
pressure to maintain half-hole and load

contact between
adjoinning faces

Fig. 14 Method of producing a specimen with half-hole

REEIX, MAFRBLIUOD VAT O GH EHBHESTRE OBREE
LT, Fig. 13 ZRT 474 THEER L, B, UTOEETIX., BiTmMhHE
MmE&ZITOMMELEMEDBERIZEE L, ABIUB XA 7% HEEMZY A 7.
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CRIUODZAT %R HEMIA T ELHEEZ L LT D,

DYAERLIE L, EF4m, 8un, 12mm, 16mn, 20mm® 5 FEFEE L, 154
BIZoEBVIBLE 44KE LTz,

CITHBELRDDIL, HICHWERDOREZRITIHE. FINLOABKMD
WHEF IR > THRATLES ELWVWIHIRTHD, £Z T, ThEHR/IRIZMZ D
BBT, fLBAGIImEBT & L, BiZ, S5 UHE U OENTH > TREREIZ
BRHZAN., ThEalA FIZLTHHITETo7, ZOLIICLTMI LN
EOEIZHL, YRV Z2HWTRALE X,

Fig. 16 iIZMABGEOERNK 2R3, mERRITZ, REBREOMAEICMI L
AROEIIE ZBE, TREMPIHLADZ LIZX->TITok, Z0O & X,
D YALFELY, MEROEIAA T — M (FrE@ETE. TC-10T) 12X
STRHELZ, ¥, ®VRAZERRIT, B GERRBHFER. CDP-50) i
LoTHESNTMERDENME Lic, 7B, BERHEEIX, lom/min & LT,

BONEHEELZECORFEE (ELCORISLERLOHE) THRLEZLOER
mERA (LLTF, IS LR LEBL, BROBITITAHWE,

- Load cell

I~ Displacement
/ transducer

T Forift pin
\I

7 Z4
Specimen

Fig.15 Loading apparatus
BONTHE-DVALERHBEDO S H, RRW LR L D% Fig. 16 (FEEHEF 1
7') BEWFig 17T (BEMZ A7) TR,
BIEMESY A 7 TlL, Fig. 16 ICROND LI, IWHABERE L & LITHKLE
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F, LR KXISABBOLENRVWEENRE AbhT, £ TAMNETI,
Fig. 18 {753 ASTM-D5764 D J5 ik ** 12 #E U TR 2 & BRRIE 1 &R, Rl O
L Uiz, BISHIX, ROBERE LS RERO SHTHY T 5B’ ETE
L, FOEREBONTHREDOBREERSND, UT. ZOIHE, 5h4

7y MEEHTLI L LT D,
140

Load (kN)

Bearing deformation (mm)

Fig.16 Typical load-deformation curve (Type A, d = 20mm).

Note: E60, E80, E100,E120:glued laminated timber graded as 5.9Gpa
(60tonf/cm®), 7. 8GPa (80tonf/cm?), 9. 8GPa (100tonf/cm®),
1. 8GPa(120tnf/cm?) .

0.0 1.0 2.0 3.0 4.0 5.0
Bearing deformation (mm)

Fig. 17 Typical load-deformation curve (Type C, d = 20mm).
Notations are same in Fig. 16.
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| T 1 I
Ultimate
stress

| Proportiona
limit 5% offset stress

Stress
|
|

5% of diameter of fastener

Deformation
Fig. 18 Method of evaluation of 5% offset stress

3. 1. 3 HRLER
BONEIST—OVALEREMBRNG, 5%F 78y ME (0,). 2577
ME (0o ERBOBEEZHESRERD 2%L L TROIEH)  FIHIRIME (£,
EREOMHE), FHRERES (o, BR) 2DV ALFEHERATIHMEMESE
LCHHL, S/t ELEERER 4L OBBRIC OV TR L,

3. 1. 3.1 5%F7ky MES (0, LEEREE (d L OB
WEFEZ A TITONWTIE, 0405 & d ORNCHEEREMIIRD SN ied o 7 A5,
ABIVOBOWTHDZATFTH d=8mm DL XEHBRKEEZTR L, 8%
BIZHOWTIE, 2FMICIX dOEME L HIZEHHOENED T HHMBIBED LR
2B, MOE DMEVS (5.9Gpa) AHIZ oW T Z DEMBRD bvien o7z,
MEMIAT CBIYD ZA47) IZ2oVTIL, dOHEME & BITIEHBED
THEMBBO NI, 1212 L, MEO MEBIHBITEITo R, dicxt
T5 0, PHEZEITBDON Do,

A~D DWFHRDZ A ZIZH W TH, 11.86Pa (120tonf/cm?) D RBRE TEENIR
BRREL lpofe, tho MOEDRBRE L L& L TIRERREBICERITI R, ZOK
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FRIZHOWTiX, BFICRNTOILERH D,

60 _
‘® 55 || Type A| o ;;EB,
%50 X e g >8 %
§ 45 - ééé? é§>< : : 2%), , é§ ,
S @ g
ivoa & e
%25 - X |
20 ' l i J '
0 4 8 12 16 20 24

Diameter [mm]

Fig.19a Relationship between 5% offset stress and diameter.

Note:<>: E60, A: E80, X: E100, O: E120 (See notations of Fig. 16).

70
65 | |Type B
60 Eg
55

5 O - A>§
45
40

5% offset stress [MPa]

26 1
20 I i I I

Diameter [mm]

Fig. 19b Relationship between 5% offset stress and diameter.

Note:<: E60, A: E80, X: E100, O: E120 (See notations of Fig. 16).
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‘ : Type C
B |

20

10

5% offset stress [MPa]
o

Diameter [mm]

Fig. 19¢c Relationship between 5% offset stress and diameter.
Note:<>: E60, A: E80, X: E100, O: E120 (See notations of Fig. 16).

35

30 |
8 &
25 ¢ | |

| Type D

20 9 Ne

o I =
ol A0 N0 ao 8B do
Y YN

’ 0o 4l 8[ 1é 1e‘5 2;) 24

Diameter [mm]

5% offset stress [MPa]

Fig.19d Relationship between 5% offset stress and diameter.
Note:: E60, A: E80, X: E100, O: E120 (See notations of Fig.16).

3. 1.3, 2 2%A7Ey MEA (0,,,) LEAGRER () & OB
Too & dDEFRIZ, Ooos & dDFERN L BIEREOEmE R L, £ T.
Toos & 000 DEERDT, FEREZ Table 21277,
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RIS & RO 2 MPERRO S 7 bEIF, RBRFEOETHESLLIIT IO
B chs, LnLliRds, EROEAKIT, BERER, MO WE ABRED
FAFIZEBT, 1.00~1.20 DfEZRLT,

Table 2 Ratio of o o to g

MOE Diameter| Type A|Type B|Type C|Type D
[GPa]  [mm]

5.9 4 1.11 | 1.13 | 1.14 | 1.10

8| 1.11 | 1.12 | 1.12 | 1.10

12| 1.04 | 1.05 | 1.10 | 1.05

16 1.04 | 1.07 | 1.12 | 1.05

201 1.04 | 1.00 [ 1.06 | 1.05

7.8 4 1.16 | 1.14 | 1.14 | 1.11

8f 1.09 | 1.08 | 1.15 | 1.11

12| 1.04 | 1.05 | 1.12 | 1.06

16 1.01 | 1.01 | 1.10 | 1.04

200 1.02 | 0.99 [ 1.12 | 1.06

9.8 4 1.20 | 1.12 | 1.15 | 1.06

8l 1.12 | 1.08 | 1.17 | 1.09

12| 1.06 | 1.05 | 1.14 | 1.04

16| 1.04 | 1.02 | 1.12 | 1.11

200 1.02 | 0.96 | 1.13 | 1.10

11.8 4 1.10 | 1.07 | 1.12 | 1.16

8l 1.09 | 1.05 | 1.10 | 1.13

12 1.02 | 1.02 | 1.14 | 1.08

16| 1.04 | 1.05 | 1.06 | 1.09

20 1.00 | 0.98 | 1.12 | 1.07

3. 1. 3. 3 #MHAIME (k) LEAREER (d L OBK

—fRIZ, BAREEBRLRKEVIIED VALERENKE 2D | FIHRIHEE
TTaLvbhTng ¥, ZofRAE, BEMRY A TIZOVWTHETH o 72285,
MEEME X A4 7 TIIARICIEIRO b2 o Tz,

WEMZ A 7 TIE, WTHhOZA FIZHOVWTH, HIERTENR/NERD,
TiZoEm %R L7 (Fig.20 a.b ), L L, KBS TIIEEENRD
SR otz, AZA T T, ERR/MNERD dBMD MOEIZ X > TEZRY | MOE
OBMmE L HIZRIERR/NE 2D d BB L, B ZA 7 TIiX MOE H 5.9GPa

(60tonf/cm?) DFEAZEEWT d = 12mm OB EITRIMELHKR/NE R o7,
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BIEREZ A TR doEme & HICHERBABEMPRD bl (Fig. 20 ¢, d),
ISESHORR, T6OXDKEXMN-7-D #4470 11.8GPa (120 tonf/cm?) d
RKREBREEZBRWVT, WThoF¥ A4 IOV THLERRKR I TEEENRD LN,

1600 |

1400 N : | Type A
w08 -

1000 O . Ko
800 - o R %

9
600 |- - Aié @
g%g(

v X A

0 4 8 12 16 20 24

Initial stiffness [MPa/cm]

o

Diameter [mm]

Fig.20a Relationship Between initial stiffness and diameter.

Note:<>: E60, A: E80, X: E100, O: E120 (See notations of Fig. 16).

5 o

51400 - 0 o Type B
=1200 - S0 >@ O
%1000 - <§l>< % 5O
é 800 | <>>< A . O %@ A

n @)
R I &S
%g 200 é% <£§ é;

Diameter [mm]

Fig.20b Relationship Between initial stiffness and diameter.

Note:<>: E60, A: E80, X: E100, O: E120 (See notations of Fig. 16).
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450 (-
400
350
300
250
200
150 |

- g

X R
50 RS | @)

0 1 | 1 |
0 4 8 12 16 20 24

Type C

[MPa/cm]

<izD>D3£§§§%<C)C)

Tk

Initial stiffness

Diameter [mm]

Fig.20c Relationship Between initial stiffness and diameter.
Note:: E60, A: E80, X: E100, O: E120 (See notations of Fig. 16).

500
450 +
400 +
350 |
300 ' ‘C)

250 + x O E} |

150 :QQ
SN K ¥
50 \ 3

0 | L 1 L

| Type D

00

Initial stiffness [MPa/cm]

Diameter [mm]

Fig.20d Relationship Between initial stiffness and diameter.
Note:: E60, A: E80, X: E100, O: E120 (See notations of Fig. 16).

3. 1. 3. 4 AHHEMEKES (o) LESEERE (0 LOBERK
HERRICBIOAMEHEGR L OBBREZBEANARX LORERELILEE, &

HMERIRS T, BEIHOMSIEESNZ, HEEOREEMICELVEEOD

REFICBHBRLZLEOFEORISLERSN, BEOTH (2llHT DD VRARE

28



KED) LIEHE ORIC Hook DIERIARILT 2 LARET X, kXS 5 MOE

DEELTRDDIENTED,
35

30
25
20

15

o (X107%m)

10

1 [ 1 1 . I
0 e 2 2 o & 2.2 2 a0 &8 2 2 2 & 2 2 2 o 4§ 2 & &8 4 &b b Ad

0 4 8 12 16 20 24
d (mm)
Fig.21 Relationship between @ and d (Type A)
Note:>: E60, A: E80, X: E100, O: E120 (See notations of Fig. 16).

(Note : Solid line: Dr. Hirai’s formula, o« = 3.16 + 10.9d, other notations are same in Fig.16 )

300 proemeees R S S e ;
T S TS SRS
; : : ; O ;
200 preeeeeeees beeeenens eeeeaneas [ ST
& X ' . . . X
S Q
S Peeneeeenas Teeneneanas R G
3
0 I 2 2 2 '] a2 I 2 2 '] 2 2 2 I 1 2 I 2 2 ] 2 2 Iy 2 1 2 2 2 2 ) ]
0 4 8 12 16 20 24
d (mm)

Fig.22 Relationship between @ and d (Type C).
Note:<{>: E60, A: E80, X: E100, O: E120 (See notations of Fig.16).

(Note : Solid line: Dr. Hirai’s formula, a =3.4 (3.16+10.9d), other notations are same in Fig. 16 )
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EHIZ, ek dEDFEFKLE LT,
a = MOE/k, = 3.16 + 10.9d ---Eq. 4
FRELO, PRI, BEEASFRAMAOOHEEIZOVWTR 4 OFEN,
@ = MOE/k, = 3.4 ( 3.16 + 10.9d) --Eq.5

FRELTVWS Y, ZhboXid, Wb RKEBERHRE Y ICRAILTY
%

Fig. 2L ICAEIER LA XA TORRE B 4 IC X D3 EME (ER) &, £,
Fig. 22l CH A 7DMERL Eq. 5 IC LA EME (ER) 2. ThEThRT,
BHFREDOFERII T 5 LRRFAROBEEHEIL, FIZREMRE S A 72OV T, &
< ehote, Zhid, Ee. 4 DEHIZH = - T, FHNEE 5mm U TFOHESELH
WEEERBROEROAEZRAWEZOTHD, ZOBEHBIZOVWTEHIT, SR
EEOHMIHEIFEEGR LAM EOEMEORRICKIBEOHFELEIT TV,
AR TIOEBFIZAI DT d=4m D 1 BEFEOHRTHY, D), Eq. 4D
BEENES RPoTEEZLNS,

LoL—F., MiZ=Y « PRV 2RAVWTEHERRLITV., E. 4 OBEEEL
BIZEWEAREROEA (3. 3mn, 12mm, 18mm) THRIEL., TORUYMEEZHER L
TW3 2, KEERZOBEALERRS>ERERIZONWT, BEERFAPLETH D,
3. 1. 4 ¥¢9

MOEDRZRDEFMEZRBVTHEHERREZITW. BESELEGEER L OBRIC
DWTRET LT,

AR THONTHERIIUTO@EY,

1) 5%4 7%y MELEASEERLEOMICHAREZRBERIIBD bR oT,

2) %A 7ty MEL 2%F 7ty MEDHIL, B#EERER, MO MEIZEHT,

1.0~1.2 ThH -7,
3) PIHIAIME L G RER L OBRIIBEMRS A 71T W THERBERmZ R L,
EEEEROEME & HIZENEA L,
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4) FUVZrvromAmeE I IFoEBHmEOBKRIE. BRISHB LU
At L S RERLOBRICH L TRELREREZEZ 1o T,

5 AHHMERES LESRERLOBRIIOVT, #RLLHVLA TS K
ERBERAREOXN L, AMRLVHEONTHER L OBESHIZ. MAFMIZ
Lo TEENRBDOONT,
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3. 2 BEHMERW-EERR

3. 2. 1 BLdIC

FUZ hEVERAWEREREESHIZBWT, EVICERT S WEDOF T,
AMOBMEST I L THLDOHEERT, #€>T, AMICHT LD 0 ALED
REEBHBZOAEICL Y YOS BT I E2BRTHZ L3, #HEEHO
WEHOM N BB EMRAT 2 LCHEICEETHD, ARIT. ZORAKHRE
EARMOWMES ML DRTAE (LT, WEAKELHT D) BIUESROPL
A B YR E T O BERME A BRME AT A BE L7 IERE (LLT., 'mERREL FR 9 %) %
EEEERBREIZIADORY) 7 bV 2THLRAAREESROETARRBREL(E
BLUTEIREOEERRELITV., ThOLDAFA—IRKMOFRFY) 7 bEIZX
HOVAHLEBIZEZLEBIZOVWVTRELIZLOTH S,
3. 2. 2 MBI

—sf——
12 Pre-drilled hole
//'/for a drift pin

Grain direction
|

Ply wood- |

1) "¢ :crack length

h =4d(const)

55 &:Loading angle to the grain
d ‘diameter of a pin

| ?ié'iriiiﬁir??ié pin  [nition]

Fig.23 Schematic diagram of a specimen
AHFETIE, FIZ7PErORILEFTELEBIH I BRE IR TERL, #
WECTERBELAALEICHBBENELLEEREL, ZOFRVPERT BN —E L
BRHEIICHBREZRE L, #€-T, —RIZAVOLN D IWMERIC X - TIXERE

EhTwiwn, Lk, CTOEMEEHRES (o LT5,
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B& 2d (d: HARHBER) O~AYH (Isuga heterophylla Sarg.) OB
e, WEMBE (4) 2 00, 15° | 30° , 45° | 60° | 75° | 90° O 7 fE¥A,
HZEX (¢) #2d, 4d, 6d, 8d & LIz4MBEORBREZOVHLEZ, . F
LE X (k) =A< (PseudotsugamenziesiiFranco), A¥X (Cryptmeria
japonicaD. Don). ¥H# /34 (Pinusspp.) OWBMMPL, HEHAEN O |
30° . 60° . 90° O 4 FEME, BIZE &/ 24, 44, 64, 84D ATERL 25 L HITK
BRiA & VERK LT, 84013, AE ORI EBREAICAKRY Lz, KU 7 HE X 6mm,
X EAMEIL 16mm & L7 (Fig. 233H),

RBEOE XL, BEOXR V2B ECHARBANER LRVMEL LT 2d
ERELE, o T, RBREEOTEIX, BE cXcos #+130, 8 4dXcos ., ES
2d & Rxot,

REEBIT, AV HICOVTRELRBFIZOE 5K, TOMOBREIZOWVTIE
HREIZOEIHE L, -

1
- .o Iie e
- Drift pin :
- o
/// Displacement T -1
" transducer- e
A gl o
.
- Specimen __
Plywood

—E o .0

Fig.24 Loading apparatus.

N -— o &) - 44-—-l--«~.~—---~*-} =fef =zt o

Fig.24 oMAFEOEAEERT, RBREO LHIZRRAONY 7 b %,
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FTRHIcEHERAOY V%2, FREFAMBEICH L TEBIZITLAR, ZThb2EKDF
V7 hECEMLTRBERMFRICSIRARE X, GERREZTo72. MAD
FARAEO EEBICEY fHiF o — Fea (RRREETZER. TCLZ-1000KA) Z AW T
WEL, EMHBIBE EBORARMR L RBRECHY I LFEMLEOM
HEMEY ., RBREOELSFNFNICOWTEME (KRB ZEA. CDP-25) I
Lo THRIELE, MAORERMA L L.

D— REAZE>THLNWZEZ FY 7 FECOREER (HARERLAR
KEX L0 TBRL, DVRARIEHE Lz, £, 2EROEMFHI L > THE
ShEEREMLOFEHEL DV ALEREL L,

BONEBH—EHEHBRNE, BADVARES (0,,) BLTEOHKOEK
ir (d,,,) . £=, BRH LV IIHEMEOEM THLRKEN (d,,) ZRDIE,
BIRIYE (k) X, IS0 R 2V, RAIEH D 10%L 40%iZ G 5 i £ o

ESEBATEBROLE & LT (Fig. 25),

Stress

v

d d
o max max

Deformation

Fig. 25 Analysis of a bearing stress-deformation curve,

Legent: o, ‘Maximum stress, d,,,:Deformation of maximum stress,
d, ‘Maximum deformation, £ :Initial stiffness.
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3. 2. 3 RERBIUOBE

3. 2. 3.1 BRKEEGALFHEAELOBK
BAIGTEHEAE L OBFE% Fig. 26 (2R,

600 T T T
I |
|
i E ! Douglas fir
500 f--1~c-—-m- - pmmmm oo T -
r | i i |
— L 1 I I |
[ao] F | | | |
& Eoo l l |
e N . . i
a [ A 1 I i
- N
2 S i I Nt [ 1
! | |
=} l =
g O N I
E 200 potmm e O : ioo-
5 [
= i !
100 f--4 oo N o -
i I 1 | |
C
0 L L S L 1 L 1
0 30 60 90

Loading angle [deg]
Fig. 26a Relationship between maximum stress and loading angle to the grain.
Legend: O: Crack length = Diameter X2, A: Crack length = Diameter X4,
[J: Crack length = Diameter X6, X : Crack length = Diameter X8.
Solid line: Hankinson’s equation calculated with all of data.

40 N : : T T
L ) 1
35 [ - Abgm—— o — !___| Japanese cedar |
1 |
— 1% I | i
® L NS 4]
£ 30 FS : 3 -
= g l I |
w 25 PN A= a7
1%9] I | | |
] I | |
5 20 ;—ﬁ-—-l ———————————— R ERREEEE R
9] r :
E C T OG- L LV
é; 15 jU| T N aX
o= L | |
S oob b ol BK e d
= oo I |
) { O ?
5 e ——_— e ——_————— A ———— - —
E I | O
I ) | : 1
O 1 1 1
0 30 60 90

Loading angle [deg]
Fig. 26b Relationship between maximum stress and loading angle to the grain.
Legend: O: Crack length = Diameter X2, A: Crack length = Diameter X4,
[J: Crack length = Diameter X6, X : Crack length = Diameter X8.
Solid line: Hankinson’s equation calculated with all of data.
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350 AB T T T
i |
i [
L ! Southern pine
300 FEAX-———-——-- b-—— - —
L |
= 250 Sttt N\ il St ittt ati
a [
3 200 p--r-——----ANRN - F--mm— -
&_‘ -
o i
150 F--pX-——————— NN -
§ o %
- |
iy 100 F--b———————— b = [, N
< I | [ | t
= . : : 8:
50 f-=rmmmemmu- e e m a—
I | | | |
3 I N
0
0 30 60 90

Loading angle [deg]
Fig. 26¢c Relationship between maximum stress and loading angle to the grain.

Legend: O: Crack length = Diameter X2, A: Crack length = Diameter X4,
[J: Crack length = Diameter X6, X: Crack length = Diameter X8.
Solid line: Hankinson’s equation calculated with all of data.

50 = : : '
] ] |
[ ! [ Hem fir
E e .
B s B
© [ ﬁ; X |
% | /NS % i i i
A
| “ ___l __________ D I _
@ 30 LN | -
] | \> l |
~ 1 | I
+ | | I
o | |
§ 20 pratmm o L |
g [ ] I I
i | \ | 1 X
>< ] | ] ]
] | () ]
2 L | * :
10 f--q--------- -- A=y
o | = GPA
I | ] ] ]
o | | 8 :
o L : L O 1
0 30 60 90

Loading angle [deg]

Fig. 26d Relationship between maximum stress and loading angle to the grain.

Legend: O: Crack length = Diameter X2, A: Crack length = Diameter X4,
[J: Crack length = Diameter X6, X : Crack length = Diameter X8.
Solid line: Hankinson’s equation calculated with all of data.
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BRKEEGHIHEAEICIVESFRELZRLTEA L, ZOHEMIZR6 T
FTAUF UV URTIRERBRTE 2, XA YHIZONT, 48 45° DOFE, 0°
DIEDHK 40% ., 90° TiX. ¥ 30%IZIET L7,

G, X0
Oy =—— 20 20 - -++Eq. 6
g, sin” 0+0y cos” f

Note: o4 : Maximum stress when loading angle is ¢ degree, o, : Maximum
stress at parallel to the grain( #=-0 degree), o4 :Maximum stress
at perpendicular to the grain( #=90 degree), ¢ :Loading angle.

3. 2. 3. 2 BRAKSIHBEEELFEARELOBRR
Fig. 2T CBR RSB EHELWEAE L OBKRERT,

0. 020 T T y r
= o l .
© S ! Douglas fir

L O

Q [ | l |

@ [} | | |
& 0.015 - R dmmmm oo s b

= N | i d&

n | | ] )

' |>< O| |

§ 'X | ) l
I T VI
% 0.010 f--ds-------- N D, S - L~
Ll = R S

| | |

+ | [} | |

@ | A4 : :
[ | | I I><
S o K oxX N
e 0.005»07 s ﬁg P
B ' : | oH

S | | !

4 BN | I 1

g L O | | |

0. 000 — L

0 30 60 90

Loading angle [deg]
Fig. 27a Relationship between deformation at maximum stress and loading angle to the grain.

Legend: O: Crack length = Diameter X2, A: Crack length = Diameter X4,
(O: Crack length = Diameter X6, X : Crack length = Diameter X8.
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Fig. 27b Relationship between deformation at maximum stress and loading angle to the grain.
Legend: O: Crack length = Diameter X2, A: Crack length = Diameter X4,
[: Crack length = Diameter X6, X: Crack length = Diameter X8.
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Fig. 27c Relationship between deformation at maximum stress and loading angle to the grain.
Legend: O: Crack length = Diameter X2, A: Crack length = Diameter X4,
[J: Crack length = Diameter X6, X: Crack length = Diameter X8.
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Fig. 27d Relationship between deformation at maximum stress and loading angle to the grain.
Legend: O: Crack length = Diameter X2, A! Crack length = Diameter X4,
: Crack length = Diameter X6, X: Crack length = Diameter X8.

NAYHEENUNOKEL TRRAEMER L, TRbL, XAV HITD
WCTH.BRKEHEEREIFHEAEN 45° HDHVL60° OHBECR/MEZTT
E57%, FTROOBERERLE, £, FRRIP 2dOHELEXTNULO DL
Tik, HERRR o, Thbb, 2dDBA. 44 30° LLTOFME TIXEFHEM
TE5B8, FRULED ATIT 0° TOEDK 1.6 fFT—ELRLTZDITH L, 4d
UEDBEE, =45 ° OFEITR/NME (0 ° O 1/3) ZF$ X D%, Tidd
DEAERLE, —F. EOMOBBIZOVWTIEATY IR KEND ST, W
NOBREEZIZTOVWTHOHWEAE L & HIESIEMT2EmE R L, BEICK
HEMOERIZONWTIE, BILBRFTILERD D,

3. 2. 3. 3 FHRIME L FEARE L ORI

E/BICONVT, VIR WEAE L OBRE Fig. 28 IZ7RT,

—RRIT . AR D BEEAR R LM T & ORICIZR 7 1SR T Jenkin ALY 3L
SLtEahTW3 Y,

39



2
=—cos' 6——;——’1cos2 fsin’ 6+Lsin‘ 0+ Lcosz Osin’ «++Eq. 7

TITE MR E AR 2T HROMERE, E, E, HERE x, y(x, ¥
ZLRTOWThALDEEEZ L D) B 2HERK, «,,: RT YV, G, &
Aol LR B

BEAMOMBMBMEIZONWT, ZOBBEBRYSLONE I NERIELL, XTI
BWTx%LAH (MMEFM), vyE RAGMm CEEFRE) L L, EIZ4=0 OF)
WRIMEZ, £12 =90 OFMMRMELNRAL, EEAETONMPRELZEHEL,
EREE B L, L, 20L& u,,Guy). CGEG)ICIEARMORT V],
H AT GRS 03 D SCIRIE Y A RA LT,

T T

=

Douglas fir

Initial stiffness [GPa/cm]

Loading angle [deg]

Fig. 28a Relationship between initial stiffness and loading angle.
Legend: O: Crack length = Diameter X2, A Crack length = Diameter X4,
(J: Crack length = Diameter X6, X: Crack length = Diameter X8.
—: (alculated curve by Jenkin’s equaition (Crack length = Diameter X 2)
----- : Calculated curve by Jenkin's equaition (Crack length = Diameter X4)
— +: Calculated curve by Jenkin’s equaition (Crack length = Diameter X6)
: Calculated curve by Jenkin's equaition (Crack length = Diameter X8)
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Fig. 28b Relationship between initial stiffness and loading angle.

Crack length = Diameter X2, A: Crack length = Diameter X4,

: Crack length = Diameter X6, X: Crack length = Diameter X8

: Calculated curve by Jenkin's equaition (Crack length = Diameter X2)
: Calculated curve by Jenkin's equaition (Crack length = Diameter X4)
+ : Calculated curve by Jenkin's equaition (Crack length = Diameter X6)

: Calculated curve by Jenkin's equaition (Crack length = Diameter X8).

12 B
Southern pine

Initial stiffness [GPa/cm]

30 60

Loading angle [deg]

Fig. 28¢c Relationship between initial stiffness and loading angle.

Crack length = Diameter X2, /A: Crack length = Diameter X4,

: Crack length = Diameter X6, X: Crack length = Diameter X8

: Calculated curve by Jenkin's equaition (Crack length = Diameter X2)
: Calculated curve by Jenkin’s equaition (Crack length = Diameter X4)
- ¢ Calculated curve by Jenkin's equaition (Crack length = Diameter X6)

: Calculated curve by Jenkin's equaition (Crack length = Diameter X3).
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Fig. 28d Relationship between initial stiffness and loading angle.

Legend: O: Crack length = Diameter X2, A! Crack length = Diameter X4,

[J: Crack length = Diameter X6, X: Crack length = Diameter X8
——: Calculated curve by Jenkin's equaition (Crack length = Diameter xX2)
"""" : Calculated curve by Jenkin's equaition (Crack length = Diameter X4)
~— + : Calculated curve by Jenkin's equaition (Crack length = Diameter X6)
: Calculated curve by Jenkin's equaition (Crack length = Diameter X8).

RAYHIZHNWT, WEAEHN 15° U ECBWTHEOHME A (1/3
~1/4 IZIEF) L, #0O#%—EL 2 5@RBRO LN, £OMOBREIZoOV
TIATFYINKREL, ARREMIIBDONRoT, FITSA T VIZ2O2NT
X, WEAEOHMICE > TORBMEREMT AN RO, ZOEHBIZO
WTik, BIZRNT 5L END S,

b OBH %A Jenkin X TEBRTAHZLIITE Lo, WTFHOBMEIZD
WTH, 4=15° HBHWME 30° BT HBEAENE,I o, RTIKARATIHED
Gy, BIIRMHTILELZD D,

RAVHIZHOWT, DHHEORELEIToHEZAH, BIRESICEILT, WEA
BE15° #8ICL T, ETHLETCRERR1I % CHEICAEEZLRBDOLNL,

3. 2. 3. 4 BRAREHBEHELBRES LORERK

BAIGHEERR L BRRE S EORBRE Fig. 29 12777,
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Legend: O: Loading angle = 0 deg, A: Loading angle = 30 deg,
(J: Loading angle = 60 deg, X: Loading angle = 90 deg.
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Fig. 29b Relationship between deformation at maximum stress and crack length.
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NAYHOBE, WEAEN 15° | 30° | 60° Tid, fERZE 1% T 4d & 84 DFF
WWHEEBENRDONTZ, ZOMOBREIZOWVWTIHIEL2ERKEL, EEFFHEHH
Niehol, ZOFBRIZOVWTIZ, HDLAETOLAFEENOLDRIZEVI X
VI LA, TROLDAEDT—Z DXL 2EN/NI Dot tDERRSDOEE
DRMICHZ L BEX T ARRETHA O, BIRRIOEME L HITREEFREN
B4 52 L, ME-TEOREME L BICRITVEINETIL(2.6.8 ZH)H»
LHERPFIRETH B,

3. 2. 4 ¥t

MEAERBLVEREIEZRTA—F L LTEMEAVWEERERREZITV, U
TORRER/T,

1) BREESHIHEAEICIVFESFRERLTED L, £0OHEMITIEEN
YX UV URTRETE L,

2) BRIGEHEEREIZ, XA Y HIZOWTIEIHEAEN 45° HHVIL60° D5
BlR/MEETT L%, FIRMOBEREZRLER, XM<Y, AX, ¥
YRANZONTIE, MEAEL L LICEIEMT 5EHmE R LT,

3) MIHRIMEIX, MEAEOMME & HITED L,

4) BRESORBIRKSHBRERRICOAR LN, FIRREIOBEME L HIZ
EAEMT D HmEBFED bz,
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3. 3 LWWEAVWEFI 7 MEUESHOEERR
3. 3. 1 @ELw
AMOBEHREICRBIIETHEERED 2 VIIEREEOEBICOVTIE, H
F S o\ T | BEERREICOVT O, @EIRBIICONWT ™, HEE T
£ OFEMITONTEY . AMOMEER L ORIMEIL. O3 HHE ORI A
LTHEMT A2 ERRDENTNS P,

TOBEBIE, BEEETH HAMOER & R EBLR RIS & RERITK
T ARMEES T BE. ANPEETH D IZEEFROMERDBEE I
THERSBNEZICH b, ZORABRHEURICEVVEERZ R TEOTHD Y,

AEBEZEARIE. 20X RMEE b OAMLLERENTEY, TONE
MBI OEEICRBIND EEIDND, o T, BHEMOEEHZITET
HEDITIEAMEFBICHEERED S VIEREREORELZ BRI L TR LENR
»5,

THET, HEEDEEREE L OBZRIZOWTIE, THEOEEKENE Vo
WTHERTOLITWS, LRl s, EAEREEORMOD YV IAHRDHZR
LB, STEAMOEEREM V2OV THAESTORATWEDART, &
FLZLLAVLNTVWS FY 7 FEVEAVZEROESBOFEEKREFEICONT
BEEREFIZIZEAER RN,

ARFFIL., HEEHOD VAR IETEREEORZELZHONICT O
HOE1HE LT BEHENMRIES N IO 2ED/NSWVENTHHLLZ AV,
KU ZhEYDDH Y ALRBREEREE (P20 AEE28E) 2R E
TIT272bDTH D,

3. 3. 2 HRBAFE
3. 3. 2. 1 HREBIOWHFGIE

5 Y7 — &34~ (Pinus radiata D.Don., HE#K 7. ¥¥ 7 IFE 2.6 mm).
7 H~> (Pinus densiflora Sieb.et Zucc., FEE$ 6. FH T I J/E 3 mm),
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~_A %3 (Abies grandis Lindl., FRRE¥ 7. ¥H7 IF7/E 2.6 mm) O 3IHED
LVLICR LT, EHIcHRBRBARY 7y (EE12m) O%FLE, THICKXFA
'y (B30 mm) OXFL%E, Fig. 30 I FRT I CENRENMILE, £h€h
DEANIRTHEILOERIZ, L ERBEE L7z, LVIL OEFAITWVFhOBE
oW Th 7z ) —ANREERTHo T,

RBAEOEILICHLAALE 2RO OB RICx L TERZF B, HEH
2> T Fig. 30 IZRT X ) ICHBAHMBEOZRYUD VIALAT L 5 2 T2, 28R
FizoNWT, MAFMEEZ R LACHK, FIRDDVITHEMT L RICHENAWMETL

Ry R AL L, MhzEIELE,
18

e

84

Load cell

12 ¢

300

LVL

30 o

il

[unit:mm]

P’/i’/,,iSupporting devi

136

I

Fig. 30 Specimen configuration and loading device.

B, RBAF) 7 bECrRMTHLAENHAICBIT IR L LVL & ORMIX
F10mm, £, XFEAF) 7 FECABASNS THOBR L LVL & ORI
#1125 mm Tholz,

2 BE 1 0. 05 mm/min, 0.5 mm/min, 1 mm/min, 5 mm/min, 50 mm/min, 500 mm/min
DeFEEE L, ZuA~y FBEEEZRBREM (FrRGEE T, TOM10000) T
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RELE, EL, TH=VIZH50WTIE, 1mm/min ZBr< SR E Lz, ABRE
X ERBICHE 8K (FEL, ThH-VIZo0Tik6#K) &L, REEFEORRE
HE % Table 312" d, B, RBREDEKBIL, 2RBREIIHOVT, 11.1% (F
#RZE 0.711%) Tholz,

Table 3 Density of air—-dried LVL.

Deformation rate

Species 0. 05 0.5 1 5 50 500
Average Std |Average Std |Average Std [Average Std |Average Std ]Average Std
Radiata pine 0.557 0.0166] 0.564 0.0270] 0.573 0.0171] 0.559 0.0276] 0.554 0.0164| 0.564 0.0164
Japanese red pine 0.533 0.0601f 0.511 0.0774 - 0.539 0.0357] 0.527 0.0260| 0.537 0.0259
Grand fir 0.508 0.0203] 0.500 0.0155{ 0.503 0.0271] 0.511 0.0297] 0.522 0.0302] 0.511 0.0321

Legend : Std © Standard deviation.

a— RELVBLIOEMEFOHN%Z, BIOTAHT 7 GRRRIZEMZRET DA-12A)
ZMLTTF—HFuaH— (TEAC DR-M3) IZULE L7z,

3. 3. 2. 2 A-EREHMBROEN

BONEHEZRREEIL PV 7 M UVEREOBETRL, ZOEZ2H VA
HIESTE Uz, ¥ 2 KOBEMFIC L 2EREOEHEEZ O VIALENME LT,
BRI 72 8 VA I G — B R OERK % Fig. 31 IZ7R7,

TOMBNL, BKDVRARIES (0,,,) BEOEOBEOENM (d,..) . F
7o, BIRDDVIIHWRFORMTH 2 RENM (d,,) ZRD-, FIHAHE (k)
X, IS0 R ¥ 2V, BRARIEHD 10%E 40%ZxHET 2B EOSERBARLE
BROBELL L1z, $7-, EMABRCEBIHBROTEEL 7~V TEP LY
KD, DVRARBZRILVX— (F) &Lz, TITHIZ, BERISHEDZ X NVF—K
WE (BROEHE) 20 (8H) OEZELLTEAL, ZhaxPtor ¥
— (E£,) &Lz, ZOERREVIERRMAZBR LR LESHWOHET D
FTOZRLF—RINEPKRELS, WDLWS TRED I FEEWTHLZ EE2TFT,

48



ma X

Bearing stress

0.40,, - .

0.10

Deformation

Fig. 31 Method of analysis of a bearing stress-deformation curve.
Legend : ¢,, : Maximum bearing stress, k; : Initial stiffness,
E () : Total bearing energy£, @\ ): Ductile energy of bearing,
d : Deformation at maximum stress, d,,, ' Ultimate deformation.

o max

3. 3. 3 MRRBIUER

3. 3. 3. 1 »YVIAZRRIZIKT HBERE

Fig. 32 IZRT & H1C, RBEOMBHEIL., ELOWE»L 1 XTS, # 2K
DBENELD AR LELOTOLEHHBMEHEICH>T1IEORBRN
HLS TEZEA Lvw) 2fMEOREBICKI Sz, ZOBIIRREICBRES
NEFEZECLTEY, BREBEOBBMOBE TRV, FRHEICBT 2HERE
OF S % Table 4 1271, AERICEBVW T, SO THRENKN2/3 %
G, L, BREELHEEFREBOBRIZOWVWT, —EOHMAMITRBD LI

ﬁ‘ﬁ)fto |

a) shear-type b) split-type
Fig. 32 Rupture type of specimen.
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Table 4 Rupture type of specimens.

Species Def. Rate]l SP SH
Radiata pine 0. 05 4 4
0. 5 5 3
1 7 1
5 6 2
50, 5 3
500 4 4
Japanese red pine 0. 05| 3 3
0.5 4 2

1 — -
5 5 1
50 4 2
500 4 2
Grand fir 0. 05 3 5
0.5 6 2
1 4 4
5 6 2
50 6 2
500" 7 1

Note: Def. Rate : Deformation rate, SP : Number of specimens with

split-type rupture, SH : Number of specimens with shear—type rupture.

3. 3. 3. 2 EBRKDODVAHBBARLBIETEREEDELE

Fig. 3B IR AKOVIAZIE N L EREE & OBRREZ AT, BEHIERHE DK
Thd, ¥, 70y MI8HE (TH-YTIZ6H) OEHHETHY ., HEEITIE
HREETT,

AWM OBERMRE L 0T HHE & OBRICET 2 BEEOFRIC T, K#D
BERREIEREEOHMII > THMT 52 LBMbhTNDS *,

AR TR L2 3SHREICOVTH, Fig. 33 I R&END L0, BEREEDOH
MeEHbIBEXREABEM U, 2 TRBOBOIITEIToBER. ERHE, #
AL LIZARE IS T TRRISHICH T I2EREEOEENZD LN,

ZIT, EHRBICRI2EWNEEDOREBLHAONITLHHIC, 1 TEEBESHK
S EAT o1z, ZORER, TOT—F L VB LUNAEICHOVTHERE 1%
UFCEREEOKENRD i, THYICONTRARENRD bh7d
Sl. THY OEBREAMO 2 L LB L TEP I END, T
IZOWTIT LVL BIRICHFEET 2 BENE, EREEUAOERICL > THRARIET
DIELOEXNREML, FEEVPROLON Lol bD EHRAIEN D,
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Fig. 33 Relationship between maximum bearing stress and deformation rate.
Legend : O : Radiata pine, A : Japanese red pine, [] : Grand fir.
Symbols and vertical bars denote average value and standard deviations, respectively.

3. 3. 3. 3 FHAKICELIEITEREEDOELR

B o OHRIME L EREE & OBfRE Fig. 34 I,

3.3. 1 TR LI EREEN/NSWVIZEHEERR 7 PBRFIO DI,
RIUHEMBICH L THERENIREL RS, AIHFAMEITET T2 LR S
2. BEEDOTFETH., AMOMEMREMERIZ, OTHAEEOFEIIHEIT S &V
HIFERMMBREINTND Y,

—F. Bilibit, HMEHEES 0.15 sec / 9.807 kN, 66 sec / 9.807 kN, 20 min
/ 9.807 kN O 3 BEREICE L &S T Hem—fir 2X6 SO MITRBREIT o7/ R.
FRIMIHEEEICEBINARZNE LTINS Y,
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Fig. 34 Relationship between initial stiffness and deformation rate.
Legend : O : Radiata pine, A : Japanese red pine, [J : Grand fir.
Symbols and vertical bars denote average value and standard deviations, respectively.

KREDORKEREZRD L, FUT—FRL U ETAIIZONTIE, HEERE
E TR  /MEL 25, TIMOBEREZR LT,

MR, ISHDOEAELEMOENEDOLTHINE, HIEREEOE
LBIZHTHIENDORAE G L EMLOEFENE LTI —EMB L 22139 T
HD, AIELVSHERIERFEEICH L THATIZEBHALNIRS>TNEOD
T, AERR/MEZ b DL WS Z Lid, HIEREE TIEHOLFIHEMS L ED
JIEBEMDOEMBBDONTZZ LEZRLTEY, EREL2EKIEIHEDOEE
ERW LTV, EMEEHEE L OBRICOVW T EICRMNT 3 UESDH 5,
3. 3. 3. 4 EBREAREMIIBIIEITEREEOKE
BRI EN & B EE L OBtk % Fig. 35 IZ7R7,

DO ORER., EREEOHRBYRDL LI TERPo7Z, LrL, Y
B TE2BTHDE, FUVT—EFNRNABLORNASEIT, ZHFEE 1 mn/nin
HECERRELZ D, EIMOEmERLEZ, i, 3.3.3.3 TERLEEN
DEMLFERDO LD THY . BN EMIELHEOEREEN, MIHEK T
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Fig. 35 Relationship between deformation at maximum stress and deformation
rate.
Legend : O : Radiata pine, A : Japanese red pine, [J : Grand fir.
Symbols and vertical bars denote average value and standard deviations, respectively.

3. 3. 3. 5 DVRAHBIFXANX—IZBIETEREEDLE

3.3.3.3 BRI 3.3.3.4 IZBWVWT, ®VAALEMNEHEMIELHRNERE
ENFETHIHEELZR L, 22T, ZOEBAZD VAL XL —O@ED
LRILTHD, DVIARALTRXANX— L EREE & OBMR% Fig. 36 1277,

BECLIOTEREE S5 mn/nin ICBWTEKXEZ2 Lo L ) 2 ECMOER %2R
L. PIHIOEMEI X OBRKRIENWREEN L ERERE & OBR L FEFICL P EMW
LTz,

HDYVRABLZFINF—% BEROFEOHMELER L, B THBEROEE,
EV#izNE, BEROD VAR L > TENREHBORICETIELRET
I, Fig. 36 IZBWVWT, VAR RIAX—DORFMHICBITDEHEN, HDE
FBHEEICBWTRKREEZRLZZ END, BLHBOEBEBRSTWEENEETD
RN TRINT, TOZLIZOWVWTIHELIIRFTHILENRDH S M, Uik X
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Fig. 36 Relationship between deformation at maximum stress and deformation rate.
Legend : O : Radiata pine, A : Japanese red pine, [0 : Grand fir.
Symbols and vertical bars denote average value and standard deviations, respectively.
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Fig. 37 Relationship between E,/E and deformation rate.
Legend : O : Radiata pine., /A : Japanese red pine, [l : Grand fir.
Symbols and vertical bars denote average value and standard deviations, respectively.
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Fig. 38 Relationship between maximum bearing stress and duration of loading
to rupture
Legend : O : Radiata pine, /A : Japanese red pine, [ : Grand fir.
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