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Fig. 1. Cross section of each test group.
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Table 1. Basic properties of test specimens

(a G5A (b) G5B

Specimen Tu “ 2 °r Specimen T “ Eb 4

(%)  (t/em? (kg/cm?) (%) _ {t/cm?) (kg/cm?)

G5A-10-1 0.43 13.2 125 76 G5B-10-1 0.48 13.8 117 77

2 041 129 112 77 2 0.42 13.2 103 82

3 0.42 134 111 78 3 0.50 134 101 86

20-1 0.50 132 123 99 20-1 0.42 131 117 69

2 0.44 13.0 112 82 2 0.41 139 105 7

3 043 12.8 110 80 3 041 134 100 76

30-1 0.41 135 122 74 30-1 0.50 13.0 114 94

2 0.41 126 115 79 2 0.42 13.0 106 77

3 0.42 13.3 108 80 3 0.42 13.2 91 77

40-1 0.43 129 121 76 40-1 0.44 13.0 110 90

2 0.43 13.3 115 78 2 0.42 13.6 107 72

3 0.42 12.2 104 82 3 0.43 130 90 80

50-1 0.43 12,6 119 76 50-1 0.48 134 110 85

2 0.43 124 115 82 2 0.43 13.8 109 78

3 0.43 12.3 102 84 3 0.50 134 89 100

Avg. 0.43 129 114 80 Avg. 0.45 13.3 105 81
{c) G5C (d) G5D

Specimen Tu u Ey tr Specimen Tu “ 2 Tr

(%) (t/cm?) (kg/cm?) (%) (t/cm?) (kg/cm?

G5C-10-1 0.46 15.1 128 82 G5D-10-1 0.42 13.1 121 7

2 0.42 13.8 110 81 2 0.43 134 108 76

3 0.43 141 110 83 3 0.43 13.3 105 82

20-1 042 13.7 121 74 20-1 043 127 119 85

2 0.42 14.3 113 70 2 0.43 13.3 109 83

3 0.45 15.3 102 73 3 0.43 13.7 103 77

30-1 0.49 13.3 121 87 30-1 0.43 134 117 76

2 0.43 135 114 89 2 0.42 13.0 110 79

3 0.41 135 95 88 3 0.40 13.3 102 66

40-1 0.45 15.1 120 78 40-1 0.42 13.2 116 76

2 0.42 142 116 80 2 0.45 135 112 95

3 0.40 134 92 78 3 0.43 13.6 95 68

50-1 0.42 129 117 74 50-1 0.53 13.1 114 111

2 0.43 13.2 116 80 2 0.43 134 113 83

3 0.46 13.9 91 88 3 0.47 134 93 92

Avg. 0.44 14.0 111 80 Avg. 0.44 13.3 109 82
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Table 1. Continued

(e) G5E
= F2 HAEEE—-Av
Specimen T “ ® 5 tr ’ Table 2. Maximum failure moments of
(%)  (t/em?¥) (kg/cm?) test beams
G5E-10-1 0.47 145 128 75 @ G5A
2 0.41 12.7 105 98
3 046 130 101 78 Specimen Me My o
20-1 045 146 125 79 (eg-m) (kg-m) (kg/om?)
2 042 133 107 88 G5A-10-1 0100 1988 2227 430
3 040 135 % 87 2 0105 1666 1849 374
3 0.101 16.73 18.24 356
30-1 046 149 124 82
2 043 128 109 " 20-1 0181 1484 1276 273
3 040 139 97 90 2 0173 1582 1645 312
3 0.177 13.02 13.93 273
40-1 0.48 14.8 119 89
9 042 137 109 81 30-1 0321 749 861 184
3 047 152 96 83 2 0315 770 832 176
3 0.297 9.66 10.34 199
50-1 0.45 13.2 117 89
2 0.43 135 111 75 40-1 0.409 7.14 7.93 154
3 044 138 03 79 2 0404 644 702 134
3 0.413 4.69 488 100
Avg. 0.44 13.8 109 83
50-1 0520 476 533 116
(Remarks) 7 ; Specific gravity, »; Moisture 2 0503 3.92 408 79
content, Ep; Young’s modulus by bending 3 0.497 357 364 74
test and Ty Block shear strength. -
(b) G5B (c) G5C
Specimen ¢ Mje M. Gor Specimen 14 Mz M Tof
(kg-m) (kg-m) (kg/cm?) (kg-m) (kg-m) (kg/cm?)
G5B-10-1 0.098 5278 5806 298 G5C-10-1 0102 10710 11138 272
2 0.098 46,48 48.34 252 2 0.102 100.80 106.85 242
3 008 5852 5793 295 3 0102 8316 8565 198
20-1 0197 3472 4305 232 20-1 0197 7035 8090 185
2 0195 3850 4351 226 2 019 6237 7609 173
3 0.198 29.32 32.84 172 3 0.200 42.00 48.72 115
30-1 0.305 25.76 23.44 120 30-1 0.300 48.30 46.85 107
0.304 28.00 31.08 159 T2 0.300 48.30 45.89 104
0.306 21.42 23.78 127 3 0.295 4410 4234 96
40-1 0.405 19.74 18.56 96 40-1 0.409 31.50 34.34 84 ‘
2 0.406 15,12 17.99 96 2 0.395 43.05 46.06 105
3 0.401 19.46 20.63 107 2 0.397 28.98 31.30 71
50-1 0.505 16.10 16.10 86 50-1 0.501 28.35 32.60 74
2 0.496 12.04 13.12 67 2 0.502 27.30 28.94 66

3 0.498 12.04 10.23 53 3 0.502 28.35 27.22 62
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(d) G5D (e) G5E
Specimen ¢ Mye My, 9o Specimen ¢ Mye My, Gy
(kg-m) (kg-m) (kg/cm? (kg-m) (kg-m) (kg/cm?
G5D-10-1 0.096 33.32 36.99 391 G5E-10-1 0.115 44,52 50.31 357
2 0.093 28.98 32.17 340 2 0.110 43.40 37.76 256
3 0.096 25.76 26.53 280 3 0.112 36.26 39.89 295
20-1 0.194 27.02 27.02 286 20-1 0.215 35.49 38.33 264
2 0.200 23.80 24.28 258 2 0.206 36.61 35.51 240
3 0.191 2261 24.87 264 3 0.208 33.74 33.07 224
30-1 0.303 16.03 17.95 189 30-1 0.295 25.06 26.06 183
2 0.302 14,14 15.27 161 2 0.305 25.27 27.04 200
3 0.301 13.79 17.65 186 3 0.301 28.35 26.65 181
40-1 0.393 11.06 12.39 130 40-1 0.404 18.90 17.96 125
2 0.393 9.80 8.72 92 2 0.397 2142 22.49 154
0.392 10.99 13.85 148 3 0.398 22.26 22.71 159
50-1 0.503 8.33 6.41 68 50-1 0.493 15.61 14.83 102
0.501 10.15 10.45 111 2 0.512 11.97 13.53 102
3 0.503 8.19 7.62 81 3 0.500 14,14 15.27 107
(Remarks) ¢; Actual notch depth ratio of
each specimen, My.; Observed maximum a
failure moment, M%,; Modified value of M.
given by Mre+(t//ty), where 7,=average block <

shear strength 85kg/cm? of Akaezomatsu -
listed in Japanese handbook of wood indus-
try2!) and 0,r; Maximum nominal bending
stress given by MY%./Z, where Z=actual sec- b w
tion modulus of each test beam. =

B3 7y 7Rk
Fig. 3. Block shear specimen.
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Mode II 2SI VERT 2 L S5 RUMREAPKE LW EXRLTWEEEL L5, C
DERIN, EABNCEIKROBRERYEFE D, VEML LTHIE3Ocm OKE R, ®%
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Fig. 4. Maximum nominal bending stresses of G5A, G5B and G5C.
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K4 = agght¢'F(p), Kz = Boght:ph:F (¢) (9)
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Fig. 5. Maximum nominal bending stresses of G5A, G5D and G5E.
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Tk, 1o, Kue Kec SHBBEEORFMETH 520, £hb OEILLRMERS
T5LB2bh, BH) v /7R, RRETEOWMME L LCERRPVTEDREZT
HTENFHIRII, Y REEFOBRREHBIRCERHCEOhE D, Z0BADF
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Table 3. Comparison of calculated
maximum failure moments
with observed ones

(a) G5A (b) G5B
Specimen Mse Mye Mye/Mye Specimen M;e Mye M/ Me
(kg-m) (kg-m) (kg-m) _ (kg-m)
G5A-10-1 19.88 17.61 1.13 G5B-10-1 52.78 51.96 1.02
2 16.66 16.84 0.99 2 46.48 54.52 0.85
3 16.73 17.73 0.94 3 58.52 61.73 0.95
20-1 14.84 14.84 1.00 20-1 34.72 29.22 1.19
2 15.82 13.99 1.13 2 38.50 33.05 1.16
3 13.02 13.16 0.99 3 29.32 32.95 0.89
30-1 7.49 6.99 1.07 30-1 25.76 29.17 0.88
2 7.70 7.66 1.01 2 28.00 23.97 1.17
3 9.66 8.92 1.08 3 o 2142 21.46 1.00
40-1 7.14 5.94 1.20 40-1 19.74 20.19 0.98
2 6.44 6.27 1.03 2 15.12 15.69 0.96
3 4.69 6.05 0.78 3 19.46 18.24 1.07
50-1 4.76 3.72 1.28 50-1 16.10 13.30 1.21
2 3.92 4.69 0.84 2 12.04 13.09 0.92
3 3.57 4,69 0.76 3 12.04 16.56 0.73
Avg. 1.02 Avg. 1.00
C.V. +14.3% C.V. +14.0%
(c) G5C (d) G5D
Specimen Mre Mpe Mye/Mye Specimen Mye Mre Mie/Mje
(kg-m)  (kg-m) (kg-m)  (kg-m)
G5C-10-1 107.10 97.60 1.10 G5D-10-1 33.32 29.90 1.11
2 100.80 102.29 0.99 2 28.98 30.00 0.97
3 83.16 103.28 0.81 3 25.76 31.90 0.81
20-1 70.35 62.07 113 20-1 27.02 22.78 1.19
2 62.37 58.78 1.06 2 23.80 21.74 1.09
3 42.00 58.88 0.71 3 22,61 20.77 1.09
30-1 48.30 51.73 0.93 30-1 16.03 1471 1.09
2 48.30 53.28 0.91 2 14.14 15.32 0.92
3 4410 53.29 0.83 3 13.79 12.87 1.07
40-1 31.50 31.35 1.00 40-1 11.06 11.34 0.98
2 43.05 35.49 1.21 2 9.80 14.09 0.70
3 28.98 34.46 0.84 3 10.99 9.99 1.10
50-1 28.35 23.12 1.23 50-1 8.33 11.55 0.72
2 27.30 24.65 1.11 2 10.15 8.69 117
3 28.35 27.34 1.04 3 8.19 9.60 0.85
Avg. 0.99 Avg. 0.99
C.V. +15.4% C. V. +16.0%
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() GSE ‘ CCEEMICJISZ2114 DFK 7 = » 7 31l
Specimen M Mre  Mp/Mp SHRBEX L, kgeocm B R BWT Kae=4k
(kg-m) (kg-m) s &§< L

G5E-10-1 4452 38.33 116

2 4340 53.36 0.81 gor = ks

3 36.26 38.98 0.93 v 1 (15)

- : - aF (p)\dy+— di
20-1 35.49 30.42 117
2 36.61 35.38 1.03 ZETHELZDhRREIBECLI VR
3 33.74 34.65 0.97

0.1 25,06 2487 Lol B EBRFHRENh, FEHCREZN Y
2 25.27 22.37 113 HEWHEOHENREENDH, KR TIRHEE

3 2835 27.74 1.02 RERAE R & B AT LT C s e L
40-1 18.90 20.15 0.94
2 21.42 19.00 113 [N .
3 22.26 19.04 117 e, MIBERLYERIHES 3D
50-1 15.61 15.65 1.00 B o
2 11.97 1141 1.05 DRBE 7L~ 7 G5A, G5B, G5C DfeR
3 14.14 13.26 1.07 FHETHIZ LRI AERD LS, (15K
Avg. 104 T, FQUIWM W REL e DROBEKTH Y
C.V. +9.9%

MRV LTHIITH B0, KRB
e e M pmmum failure moments i LRSI & fe b RILIE D L, —
J5 (@ +dia/) 38 h R 2R S O EXHE @ X
HFEHRE 52, 3.2(a) TRINALRBTEOY I R EFEIHE MRV ds 2r® 2
BFRX 10X THHD, ALYIREREZFLHBCODRLBERBRBD oy B TAC
Lekh, BEShA OBREEEbL, 71— 70 Flo) x—HK 25k 2 DL RE
THZERERBTHA S, 15)RD 4, t, BT Offi 0.4487, 01059 2 AT 5 &

ktr
aF(ga) (d?,'“87+ % dg.lOSQ) (16)

Gof =

W) RO A EBEERATHZ LR I VARBEREOEX T &, 1=100BE L L
el ZHBHRC—EABOIS, 0 1% X VEENCRD BCIIKRORILHELRD S,
WE, HEun hzha, ] DK%% o=p, Y h REBEZ dn=59aha=dna THHBRIABRED o
% 00f~ay Iﬁ]%k:, h=h‘b, SDIGDD» dn:dnb 'C“XDZ)%K%Q%{Z&@ O'Of% Uof——b &?6 k’ (15) 35}75‘79
Ploo) (dia+ 5 dia)

p = 1 (17)
of-a F(gp,) <d£;‘b + T diz'b)

Jof—b

Pa=0s D& &, Flpa)=F(ps) L7010, 0op-t/0or-a=7 LEL &
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BDHWIE Ca=0s 3D

be(hiz — b :
B R 09)

FEMCIIDRC LD AX2RDHOBBVHDOEELZDLIABA, ORIy OBE(LIEK
BT, cZTBLRRRBEENLDIRENRETD -1, ARKBEREDHRRC I HGHED
BEnEER LS,

K 1=100 L BWC, RBEEND MaFlo)cERMBr S Tind s, kaFlp)=
349-398 ¢ DEBHMABW—KER LI, OEBRTERV a BB L2BEETHS
2, BROEXZe DRI -THEZLRBN, TOBER, —BoOFHEERETRE
DERTHDZ EEEE L CHEEShABBRERCEN, ¢ OBBEKFLTRESERTS
BEEZRLTWAESE L LY. ChlxFeAHoBEcERT RN LI20LR
bhb, Thbd, BOREEEFOENERSNAHEROEELZIT oy, £BF
CHRTE AR AERABRBIERLEL L, 22 THULLRTWSHEERBRETE TS
DEBEEZRIRRVEDTHHEELOR LY, CORFIEREOBREDLOTH D01LH
ATV, TBCEESM L LTERIh W ARBEOTECH LT, ToRErE
BHEREVWEELTHRTFEIR LS,

T, ~EMBEEOEZ 74— 7ORTEARERRBER IO, 16)R0 ERT 10
EOMIBIZ X » TEALT B Z EMRBEDLRTWBEDT, HeL—EDORBE 7V — 7 G5A,
G5D, GEED#EREND, ZOARPVWTRA LTz ER LIS, RO AXE Al
EETH L 0L THE, ChicBEr 52 sRTIME HewROERBREOHBER TS
50, FhZhoRTFOELBHREEL, HBORC LHbDLRELTEMLTSZ Lic
Ly, (ZZTEOMRBRVCIRERCIIY Y REEITH S, b, RoY b Xph T
WA R v ERICERTH b, BEhERNZEB R CTHERME DB L L, )
RPN TWHBENML, VO REEACETARAVIRACRER LB LTHD,) HiEEL b &
LT1i=g,(b) LBL & 16) KX

= kzy
I Ol R A ey 20

WEEREFRD IV~ THERNT, ¢ OB I D o REDRREALTINEED X



P10 RE B FEORMBEO MR EWTT (F3h-RE) 775

B, HBROMBOR—FETo=0, du=dn D& ED dor % Gopt, 9=9¢3 dn=dn2 DL ED
Gof B Gop2 T B &

oorz _ Flo) (3™ +g, () %™

vt = Floy @51 g, (6) 3 @)

G2 g LBT g, B) T DWTIR &

Oof1

— _ i Flp)—¢ dui*F(p))
%) = = FSF ()= g F e @)

FrRDI e RBETHIEBRRIERY a2 EATVSD, o IHEERTH D, L IHIE
DHOBEETHB1E, A— 71— 7RV TIRITRFh L RAIER E 85, #-T Flp)
& Flo) DRIIBI ¢ DR X - THELBR B, Flo) e (kla Fle) ' OfEZHWTHHE R
CRENE LRV, K7L —TORERENS (D) ZRDB &, G5A, G5D, GHE xhhiex
1 0.10, 0.35, 0.84 BEL 7B, 02 (B)IXIEDMEER & b, MIBHIEFCRHE T Kac 53 Kac
R BD/PEL RET EA0PENREAEEDLRT, FHBARTIIAREIHEL, X
B HREL EHIBRIE L 7R KB ECRENAERRRIERECHE S h, Ko & Kee DEH—
EECELTHL b0 L Bbhb, CORBEEFELRITEEE LT, :(0)=4¢+B%
RETHZERID, 9:(5)=0168¢"%*—-0.190 /LI T,

K20 RDEIA X DBEAKTHH b, kaF(p)=F(p)g(b) LBEX#LZS &

4 b
Oof = ggz%% (23)

22T, Fa®—hznfE LTl UnfEThXESRF LRV ECoREE
K0T, BELE HEI=830cmDLE, ¢,80)=10 LESX, F(p)=349-398(p) &L
T, HERBL LB EREUIREY ORI - THETHAZ LR L, 6:(0) XL g:(b)
LB Y REL, G5D, GSEDRBRERLHETHZ Lw kD, 62(5)=0050e"+
0888 B L iz,

BRERE—2 v Ml onZ THZORBND

F (@) = 349-398 ¢, ¢, (b) = 0.050e*3*+0.888, g, () = 0.168¢"% —0.190

CORBELEELDBEMI—B L TELT, HEHCIREITHL, T, AHD
VRO I REX lem) ENTHLTAEFROLTEZ DR SEARTEE LTORKEZRK >
HOTH Y, kg-cm BRIV TORERTH %, FEHE 04487, 0.1059 37 » =V = 7 #
T HETH DA, ThOOHERABEOMBERC I WY EPELTHI00, Kifek
B ULIEIF045, 010 BiEDfER E B ERTELonzitv,. ChOORERXA VT 2HRY
BEXEZDE ‘
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_ _TZF (9) g, (b)
MJ’ = d?{"s-l—d?{lo P (b) (25)

RFDF (@D eagiEhbd kit KeDkERTIDOTHY, .00 TELBI 32
1 Kuc & K Dle, BOa k BOKREKETHLOTHSE,D, ThbidEEc X v ElLT
HTENTFHEINSG, o ChoBHEck LT E« cERIMRF LY ML 2 BBR 5D E
Ezbhb,

C T, B TEMBARAE — 2 v+ My, & (5)RTH2bhHHEM My L OlBE
75 L E-3DRKERL LD, BRBE 7V — 7B OFHIER 0.99~1.04, BEHFREITEKX
+160% Lisbz b, (25)RIABBEROTRTEAZHEHRBIKRALTWSLELSHK
wBbhs, G5A~EXT5290 71— %8 LTOFEHEIL 101, EHREL +137% &
ol

RCHE LR T - REERBROERC (D) REFHALTABZ Liet s, AR
7 H =V =YD b K=Y (Abies sachalinensis) BRE&EF N T e, COEBIT7T =Y
=V L HANHRERCELENRDHLOD, EXAMEEENELH LT 57, B TEDLR
LERRXLYFEA L CLREART vidhvBRbh s, RBEOKETEY R4, KN
BABEE— 2 v I EFEBEEOREY X5 AT, 20BN E 7o T B DN
BRbhs2, GZEZBWTIL, WoRERI0G OBWII D RETKEZ S REMACH % - il
Nl onBbh, 107/ —FRa8FhTWHRBREEA DRV Enb, ThboRE
BB EL CH330EEL RS, BRI REMEDO RO\ G3B, G4 TIXEHR
BHHBRNI B —BRZRLTWALDEEL I, GZOUBRBERIRESZ LMK
FLTWHY, THRIETFRERCBOHBCHENRE LTV ERZRLTWS, LasLlis
b, oA — T EENBEBRETECTRBED GSC TRRERHBVHRNEELH
ez &b, REMOFMEE2 X5 L T5UBE, ABROBZRLBEHEI 2B, Th

£4 rr—-7Gl~G4oRBETE

Table 4. Specimen sizes of group G1~G4 tested in
the previous report®)

Test w b h

Species hib lh %
group (cm) (cm) (cm)
Akaezomatsu 0.1, 0.2, 0.3
Gl (Picea glehnii) 40 22 41 21 160 04 and 05
G2 ” 8.0 38 10.0 2.6 15.0 ”
Todomatsu 0.1, 0.3 and
G3A (Abies sachalinensis) 0.3 20 5.0 25 150 0.5
G3B ” 1.0 2.0 5.0 2.5 150 ”
G3C ” 2.0 2.0 50 25 15.0 ”
G4 ” 0.3 20 30 1.5 16.0 ”

(Remarks) W; Notch width, #; Beam width, #; Beam depth and /; Beam span.
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Table 5. Application of the empirical equa-
ti:rll) to the maximumpfailure qmo~ Specimen Mre Mse MjelMe
ments of test groups G1l~G410 (kg+m) (kg m)
@ G1 G3A-10-1 36.94 22.42 165
2 40.00 31.37 1.28
Specimen M;e My Mye/Mye 3 29.38 27.85 1.05
(kg-m)  (kg-m) 30-1 13.38 13.32 1.00
G1-10-1 32,50 30.83 1.05 2 11.60 9.20 1.26
2 33.81 2224 152 3 10.53 10.68 0.99
20-1 19.88 18.20 1.09 50-1 6.88 7.15 0.96
2 15.00 15.50 097 2 7.40 6.63 112
30-1 11.28 12.49 0.90 3 7.19 6.28 114
2 12.31 13.66 0.90 Avg. 116
40-1 7.45 7.14 1.04 C.V. +18.6%
2 7.33 9.42 078
50-1 7.83 7.02 112 (d G3B
. 2 5.50 5.04 igz Specimen My, Mz Mfe/Mfc\
c V. +189% (kg-m)  (kg-m)
L - G3B-10-1 32.50 24.39 1.33
2 32.50 29.52 110
(b) G2 3 27.38 21.78 1.26
Smecimen My My MMy 30-1 9.94 10.09 0.99
kgem)  (kg-m) 2 11.25 11.75 0.96
G2-10-1 179.3 1414 1.27 8 11.38 1111 102
2 1443 135.4 107 50-1 6.71 5.70 118
3 169.0 1236 1.37 2 5.75 6.27 0.92
20-1 955 813 117 3 6.63 6.25 1.06
2 101.0 813 1.24 Avg. 1.09
3 1150 BT 152 C.V. +128%
30-1 79.0 472 167
2 743 68.0 1.09 () G3C
3 97.0 770 1.26 Specimen My M. M;o/Mye
40-1 59.0 55.0 1.07 (kg-m)  (kg-m)
2 62.0 486 128 G3C-10-1 24.38 27.37 0.89
3 640 46.4 138 2 33.44 20.30 1.65
50-1 4638 341 1.37 3 2469 25.92 0.95
2 435 35.9 121 30-1 1198 12.30 0.97
3 46.8 31.6 1.48 2 10.63 11.78 0.90
Avg. 1.30 3 13.81 10.42 133
C.V. +13.3% 50-1 568 6.69 0.85
2 745 6.79 110
3 6.69 5.24 1.28
Avg. 1.10

C.V. +24.3%
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Table 5. Contined

(b) Hiba (Thujopsis dolabrata var.)

f) G4
Specimen My, My, Mye/ Mje
(kgrm) (kgem)

G4-10-1 15.04 11.69 1.29

2 11.84 10.63 111

3 — — —

30-1 5.60 6.02 0.93

2 6.40 6.00 1.07

3 6.24 5.18 1.20

50-1 2.88 3.27 0.88

2 2.64 2,60 1.02

3 3.28 3.07 1.07

Avg. 1.07
C. V. +12.5%

Specimen My, My Mye/ Mte
(kgom) (kg-m)

Hi-10-1 23.40 16.63 141

2 23.13 18.88 1.23

3 23.67 17.13 1.38

30-1 6.84 8.43 0.81

2 7.92 8.08 0.98

3 7.65 8.37 091

50-1 3.69 4.50 0.82

2 3.96 4.50 0.88

3 3.78 464 0.81

Avg. 1.03
C.V. +24.1%

£—6 7A-7GleHTsEBRROER

Table 6. Application of the empirical equa-
tion to the maximum failure mo-
ments of test group GI

(@) Karamatsu (Lariz kaempferi)

(c) Hemlock: imported from Canada

Specimen M. My, Mye/ My,
(kgem) (kg-m)

K-10-1 21.74 19.62 1.11

2 18.23 19.59 0.93

3 19.80 19.09 1.04

30-1 10.08 8.27 1.22

2 8.37 8.81 0.95

3 9.18 8.78 1.05

50-1 482 4.89 0.99

2 5.40 480 113

3 5.20 4.90 1.06

Avg. 1.05
C.V. +8.7%

Specimen Mje My Mye/ Mo
(kg-m) (kg-m)

He-10-1 17.10 16.54 1.03

2 14.40 18.01 0.80

3 13.73 17.95 0.76

30-1 7.92 7.56 1.05

2 6.75 7.80 0.87

3 7.38 7.68 0.96

50-1 4.05 485 0.84

2 423 476 0.89

3 3.83 435 0.88

Avg. 0.90
C.V. +11.0%

(d) Yachidamo (Frazxinus mandshurica var.)

(Remarks) Group GI was consisted of three
softwood species (Karamatsu, Hiba and He-
mlock) and four hardwood species (Yachi-
damo, Dakekanba, Mizunara and Lauan) of
2.0 by 3.8cm cross section.

The specimen had a 3.0 mm wide notch,
and the notch depth ratios were 10, 30 and
50 per cent.

Specimen Mre My Me/Mjc
(kgem)  (kg-m)
Y-10-1 34.88 26.55 1.31
2 33.03 26.65 124
3 30.56 26.93 1.13
30-1 18.86 12.46 1.51
2 19.67 12,52 1.57
3 9.95 12,55 0.79
50-1 891 6.70 1.33
2 7.7 5.95 1.30
3 9.45 6.40 1.40
Avg. 1.30
C.V.

+182%
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(e) Dakekanba (Betula ermanii) (g Lauan: imported from Kalimantan
Specimen M;e Mye Mye| Mfe Specimen Mz Mse Mye/Mse
(kg-m) (kg-m) (kg-m) (kg-m)
D-10-1 20.25 33.36 0.61 L-10-1 22.73 12.80 1.78
2 27.86 32.04 0.87 2 8.01 12.64 0.63
3 18.36 32.26 0.57 3 18.90 12.76 148
30-1 11.34 15.05 0.75 30-1 8.10 5.86 1.38
2 8.55 14.84 0.58 2 4.77 5.88 0.81
3 8.64 15.09 0.57 3 5.85 5.86 1.00
50-1 5.90 7.1 0.77 50-1 5.49 2.98 1.84
2 6.89 7.63 0.90 2 3.68 2.95 1.25
3 5.76 761 0.76 3 3.02 2.96 1.02
Avg. 0.71 Avg. 1.24
C.V. +18.4% C. V. +33.5%
(f) Mizunara (Quercus mongolica var.) FCRLEHFEIRTHET, Yo kE G
Specimen My, My  My/My, i U HERRL ST LS AR ERD
(kg-m) (kg m) FEdhb?T, TAENLLHBCES I3
M-10-1 3141 3245 097 et B A D) )
, 15.93 3114 051 BERILEENREWIY, Tokd, BEH
3 13.86 31.99 0.43 OBFEIE U TR B R T L
30-1 1098 1462 075 ¥agchhiESMELOMELELOR
2 12.24 14,92 0.82 . . .
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Fig. 7. Distribution of the ratios My/Mye of softwood specimens.
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Summary

In this report, experimental study was carried out on the maximum failure moments of
square-notched wood beams. Although the load carrying capacities of those beams are ge-
nerally much more than the maximum bending moments which cause the initial notch failures,
these initial fallures will often cause the complete collapse in the case of cross-grained beams??,
For design of noteched wood bending members, therefore, it is necessary to determine the
maximum failure moments. Destructive tests were carried out on five specimen groups made
of Akaezomatsu (Picea glehnii). Each group had the cross section as shown in Fig. 1, and
loaded as shown in Fig. 2. Basic properties of the specimens are given in Table 1, and the
observed maximum failure moments M, are given in Table 2. Block shear test method was
selected to modify the variance of strength of each specimen, because the stress distribution
of block shear test specimens was considered to be similar to the stress distribution of square-
notched specimens. And the modified values My, were calculated by Mj, = My,+(//zs), where
ry=block shear strength of each specimen measured by the standard testing method JIS Z21141®
and #,=average block shear strength 85 kg/cm? of Akaezomatsu listed in Japanese handbook
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of wood industry?®). Using these modified values, maximum nominal bending stresses o,y were
calculated by @, =M7s/Z, where Z=section modulus of each beam. M}, and o, are also
given in Table 2.

The results are summarized as follows;

1. Effect of beam depth

The maximum nominal bending stresses a,; of three test groups (G5A, G5B and G5C)
which had the same beam width were ploted versus to the notch depth ratio p=ds/h in
Fig. 4, where d,=notch depth and A=beam depth. Fig. 4 seems to show a clear size effect
due to the notch depth (it is not the ratio ¢ but the ‘depth itself) which 1s explained by the
theory of fracture mechanics.

2. Effect of beam width

ooy of three test groups (G5A, G5D and G5E) which had the same beam depth were
compared in the same way as shown in Fig. 5. When we assume two dimentional state of
stresses, no size effect due to the beam width will be expected. Fig. 5, however, seems to
show that the maximum nominal bending stresses tend to decrease due to the increase of
the width for shallow notches, although no effect is represented for deep notches. This ten-
dency may be explained by considering the dependencies of two stress intensity factors Ka
and Kz which are concerned with the failure on notch depth ratio ¢, and the variations of
their critical values Kic and Kpe. U we define K, and Kg as follows

K» = a0od4Fg), Kp = BoudisF (p) (S1)
Then the ratio Kg/K, is given by
& _ 13 ht: 9052

Ky ~ a B gh (82)

where ; «, 8 =constants, ¢,=nominal bending stress, F(p)=form factor which is the function
of @ only.

In eq. (S2), B/a is constant, and for the heam whose depth does not vary, h%/h% is also
constant, consequently, only ¢'/¢ affects the ratio Kg/Ka. ¢" and ¢': are shown in Fig. 6,
by substituting 0.4487 and 0.1059 into # and 2, respectively. These eigenvalues are typical
for Akaezomatsu (caleulated by Komatsu; unpublished). In Fig. 6, ¢*® tends to increase
rapidly in the shallow range of ¢ and slightly in the deep range, on the other hand, ¢"*¥
represents comparatively a large increase in the deep range. Although Kj is the principle
factor that dominates the failure because B is less than a and Kgc is considered to be larger
than Kag, Fig. 6 seems to show that Kg plays an important role in the shallow range of ¢.
Then if we can assume that Kpe decreases as the width increases and Kac does not decrease
in wide range of the width or somewhat increases as the width increases, observed tendency
may be understood.

One of the reasons which are concerned with this tendency may be a size effect indicated
by the statistical strength theory. _

Kuo and Kpe are the characteristic values of the material, and they may have a certain
cummulative frequency distribution, therefore, they will decrease as the specimen sizes increase.
Since the initial failure is extremely localized in the vicinities of the corners of the notch,
size factor may only be the specimen width. Kagc, however, seems to be decreased by some
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other reasons, because the observed reduction of oy in the shallow range of ¢ in which Kp
is an important factor is cosidered to be much larger than expected by the statistical theory.
On the other hand, K¢ tends to increase as the width increases at the same time. In most
cases, the stress fields in wood members are hardly limited in plane because of their anisotropy
and nonhomogeneity. And for notched or cracked specimens, it is difficult to avoid the Mode
III stress field (out of plane shear), though we expect pure stress field of Mode I (cleavage)®.
This phenominon is more remarkable for thin specimens, since it depends on the out of plane
stiffness of the specimens. Critical stress intensity factor Kac, therefore, may tend to increase
due to the width. This tendency corresponds to the phenominon observed in very thin range
of the thickness of metal specimens™. Since the increase of K¢ due to the increase of the
out of plane stiffness is considered to be larger than the decrease due to the statistical size
effect, Kac will somewhat increase as the width increases. Accordingly, when we assume
that the decrease of Kgc is much more than the increase of K¢, maximum nominal bending
stresses may decrease as the width increases in the shallow range, and may not vary in the
deep range because the decrease of Kpc can be canceled by the increase of Kje.

3. Derivation of an empirical equation
When we assume a simple failure criterion as follows

Ky  Ks _
Kio + Koo 1 (83)

Substituting egs. (S1) into eq. (S3), and if we let (a/8)s Kgc=4Kac, maximum nominal
bending stress o, may be

Oof = KAC
oF () (dﬁ,x +- dg) 4

Since Kac of Akaezomatsu has never been measured and it is difficult to measure Kgc
independently', let Kic=kzy; (kg, cm units) for convinience. This relationship is applicabl
only in the same units (kg, cm units, in this case), for r; measured by the standard method
JIS 72114, and the constant & may vary due to the mechanical properties of wood species.

Then eq. (S 4) reduces to

ks
oF (p) (dg,: + df,s) (55)

Oor =

Because k and 2 are considered to depend on the beam width (strictly speaking, & may
depend on the beam width, the notch depth and the material constants), Let kfaF (p)=
F’(p)g1(b) and 1/2=g,(b), and substituting 0.4487 and 0.1059 into #, and ¢, respectively, eq.
(S 5) reduces to

- i (0)g1 (b)
Oof = PR +_d_?.' 1‘05_9g‘ 2_( b)” (S6)

From the test results, F'(p), gi(b) and g:(b) were determined as follows

F'(p) = 3.49—3.98¢, ¢1(b) = 0.050 "% +0.888, g.(b) = 0.168 ¢"* —0.190
(87)

Let £,=0.45 and #;,=0.10 as the typical eigenvalues of wood, the maximum failure moments
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of square-notched wood beams are given by

_ _ZF () g:(8)
M; - dgAs +a’2“°g, (b)

Details of derivation are shown by eqa. (10)~(25) in this paper.

(58)

In eq. (S8), notch depth dy and beam width & are given as the ratios to unit length
(1 cm), and the functions in right side except ry and Z are non-dimensional functions. Con-
sequently, eq. (S 8) is valid only in kg, cm units.

The observed maximum failure moments M, were compared with My, calculated by eq.
(S 8) as given in Table 3. It may be said that eq. (S 8) represents the experimental results
satisfactorily.

The empirical equation (S8) was applied to the results of the destructive tests which
had been carried out in Report 1. Specimen sizes are given in Table 4 and the comparison
of the observed maximum failure moments with calculated ones is given in Table 5. As
shown in Table 5, group G 2 seems to be considerably underestimated, and it may indicate
that the depth effect observed in this group is less than predicted by the empirical equation
obtained here. However, the result of group G5C whose siz:s were similar to those of G2
showed a size effect to a major degree, therefore, eq. (S 8) can be considered to be reasonable
for conservative estimation. For the other groups, eq. (S 8) seems to make an adequate estima-
tion except the results of several specimens.

The empirical equation was also applied to the results of some wood species which had
been tested in Report 2'". The comparison of the observed maximum failure moments with
the calculated ones is given in Table 6. Roughly speaking, we may be able to deal with
softwood species without variations. The comparison, however, seems to indicate that we
can hardly predict the maximum failure moments of hardwood species by one equation.

The distribution of the ratios My/Mj, is shown in Fig. 7 for all softwood specimens
tested in Report 1, 2 and this. It may be said that we can assume a normal distribution, if
we neglect several large values of My/Mj. Then, a conservative design formula on 99 per
cent confidence limit level may be given by

M, = _ZF (9)0:(B)
] d%.45 +d’0‘.1ogg (b)

F'(p) = 1.77—2.02 ¢, ¢1(b) = 0.050 ¢***+0.888, g:(b) = 0.168 ¢ —0.190

(59)

In particular, the maximum failure moment Mjw of nominal 2” wide dimension lumber
may be given by

/Z(1.84—2.10 )

My =~ G045 10,17 a5

(S10)
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Appendix
ARVHERCEBNIRELXEOSRMBENZ A0 D a OB T2 AHELXT 2HG0D
A SR Oy (LB — R AR RO R B L Oy S EBHIL A LIt X YRR TEZ DR S,

6, = 501"}1;‘ (A 1)
P Pa (312—4a?%
o0 A8EI

1 4 _ s o, 3(1—4mj)
b = T (S e S

158 @—¢) by _ 15090}1%}
1—¢p 1-¢

-+

-w
2

’\:VG, §0=dn/h, a0=all, ”lo=m/l’ m =
hy = hil, By=my+5(1—9)h,
W30 H2 AMEOHE, a=l8Lidnb

PP 1 1—4m} 5 2— 30¢h}
o = fopr (m—seh— g+ L4 ShwEoihe _ J0eH )
(A2)
F—A BAOERMEFEMED B (A2) R X BF R EA 6, & EHEAR .
Table A. Comparison of observed deflec- F O REY E-ACRT,
tions with calculated ones
(@) GBA (b) G5B
Specimen Be e dcde Specimen de Oe Oe/de
(X10-2 cm) (X10-2cm)
G5A-10-1 12,45 13.67 091 G5B-10-1 15.57 17.75 0.88
2 16.20 16.67 0.97 2 17.90 19.00 0.94
3 15.14 17.00 0.89 3 17.59 18.25 0.96
20-1 17.86 16.80 1.06 20-1 18.26 19.33 0.94
2 15.57 17.20 0,91 2 19.26 20.00 0.96
3 16.71 18.00 - 0.93 3 20.48 21.50 0.95
30-1 22,18 25.00 0.89 30-1 21.44 22.40 0.96
2 22,94 25.00 0.92 2 22.93 24.80 0.92
3 20.45 21.67 0.94 3 28.01 28.33 0.99
40-1 25.83 26.00 0.99 40-1 29.67 28.40 1.04
2 25.94 25.33 1.02 2 31.78 31.20 1.02
3 31.37 30.83 1.02 3 35.67 33.60 1.06
50-1 46.19 39.17 118 50-1 45,06 35.50 1.27
2 39.02 36.67 1.06 2 41.62 37.00 112
3 4511 36.67 1.23 3 51.60 42.00 1.23
Avg. 0.99 Avg. 1.02

C.V. +10.4% C.V. +11.1%
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() G5C (d G5D
Specimen Oe Oe dc/de Specimen de de de/de
' (x10—2 cm) (x10~2cm)
G5C-10-1 15.70 17.50 0.90 G5D-10-1 7.9 84 0.92
2 16.46 15,57 1.06 2 8.6 9.4 0.92
3 17.00 19.30 0.88 3 8.8 9.6 0.92
20-1 16.43 19.17 0.86 20-1 87 9.8 0.89
2 17.67 19.13 0.92 2 9.6 9.6 1.00
3 20.51 22.63 091 3 10.1 114 0.89
30-1 19.82 20.60 0.96 30-1 10.8 12.0 0.90
2 20.94 23.33 0.90 2 114 12.8 0.89
3 24.94 25.86 0.96 3 12.3 14.0 0.88
40-1 29.36 31.25 0.94 40-1 13.9 143 0.97
2 26.67 29.50 0.90 2 145 15.3 0.95
3 33.89 36.00 0.94 3 17.4 18.0 0.97
50-1 38.95 37.17 1.05 50-1 21.7 19.0 1.14
2 39.97 40.00 1.00 2 219 19.2 1.14
3 50.53 43.00 118 3 26.6 236 1.13
Avg. 0.96 Avg. 0.97
C.V. +8.83% C.V. +9.7%
() G5E
Specimen Ge Oe Oc/de
(x10-2 cm)
G5E-10-1 4.96 5.20 0.95
2 5.69 6.20 0.92
3 6.68 7.00 0.95
20~-1 551 6.20 0.89
2 6.19 6.40 0.97
3 6.82 7.50 091
30-1 6.68 750 0.89
2 8.28 8.25 1.00
3 8.27 8.50 0.97
40-1 9.30 9.00 1.03
2 9.74 9.00 1.08
3 11.32 10.67 1.06
50-1 13.01 12.40 1.05
2 16.61 14.67 1.13
3 17.46 15.33 1.14
Avg. 1.00
C.V. +8.3%

(Remarks) d¢; Calculated deflection by equi-
valent notch method and éc; Observed de-

flection.



