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Fig. 2. (a) Stress flow in a finite-width plate with multiple
notches and (b) equivalent notch geometry.
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Fig. 3. Specimen geometry and loading method of test group L
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Fig. 5. Loading method of test group II
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Table 1. Average basic properties of each species
of test group I

Species T u Ep ap T ]
(%) (t/cm?) (kg/cm?) (kg/cm?)
K 0.63 122 138 1091 101
aramatsu (0.60-0.71) (11.7-12.7) (124-154) ( 913-1302) { 96-108)
Hib 0.43 115 100 709 80
1ha (0.41-0.45) (10.9-12.3) ( 93-107) ( 550- 795) ( 67- 91)
Hemlock 0.50 124 114 839 88
emloc (0.40-0.56) (11.4-13.4) ( 98-130) { 574-1065) ( 61-107)
. 0.73 125 160 1209 126
Yachidamo (0.72-0.75) (12.3-12.7) (145-171) (1037-1297) ( 99-161)
0.73 9.4 131 1054 150
Dakekanba (068-0.78)  (89-97)  (120-140)  ( 924-1180)  (136-186)
Mi 0.64 103 90 924 148
lzunara (0.54-0,73) ( 9.7-11.4) ( 43-132) ( 531-1226) (107-176)
Lauan 0.43 13.0 104 620 60

(0.34-0.55) (10.8-15.7) ( 86-131) ( 390- 815) ( 36— 92)

(Remarks) 7y ; Specific gravity, «; Moisture content, Es; Young’s modulus by bending
test, 65; Bending strength and r; Block shear strength.

R®—2 BAOFEMEEWED LK

Table 2. Comparison of calculated with observed deflections
of test group I

(a) Karamatsu (b) Hiba

Specimen £ de de 3e/0e Specimen Ey Be Oe O¢/0e
(t/em?)  (X10-2cm) (t/em?)  (X10—2cm)

K-10-1 154 2.51 2.55 0.99 Hi-10-1 107 2.68 2.78 0.97
2 132 2.86 2.88 0.99 2 98 2.87 3.05 0.94
3 130 2.96 3.00 0.99 3 98 2.98 3.15 0.95
30-1 151 3.65 3.75 0.98 30-1 103 3.71 3.83 0.97
2 139 3.76 371 1.01 2 99 3.92 4,00 0.98
3 127 4,09 4.29 0.95 3 96 3.66 3.71 0.99
50-1 142 6.56 6.25 1.05 51-1 102 7.06 6.56 1.08
141 6.73 6.88 0.98 2 100 7.24 6.88 1.05
124 7.53 7.06 1.07 3 93 7.47 6.88 1.09
Mean 1.00 Mean 1.00
C.V. +3.7% C.V. +56%

(Remarks) d.; Calculated deflection by equivalent notch method and 8e; Observed

deflection. Deflections are given per 10kg load.

WTFhic® X, 6./0. DEBBIIRL, =2 THo h2RBRECOWTOFDFHIELEE)
FREL, ThER101E77% Lt Tnb o Ehb, ERAMRBERCEWTIE, BEAEE
BHELTERIhABETRTERL, MY VX EMR a=50%52TI Loz
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(¢) Hemlock (d) Yachidamo
Specimen Eo 9 Oe de/de Specimen 2 O de Oc/de
(t/cm?)  (X10—2cm) (t/cm?)  (X10-2cm)
He-10-1 130 2.97 3.28 0.91 Y-10-1 171 1.98 2.08 0.95
2 109 3.46 3.70 0.94 2 158 2.03 2.08 0.98
3 109 3.26 3.40 0.96 3 154 213 2.15 0.99
30-1 129 412 4.29 0.96 30-1 171 2.59 3.04 0.85
2 114 4.49 433 1.04 2 161 2.71 2.75 0.98
3 107 464 4.42 1.05 3 150 2.95 3.21 0.92
50-1 119 6.58 6.44 1.02 50-1 165 4.85 4,38 111
2 116 6.88 7.13 0.97 2 164 5.75 5.38 1.07
3 98 9.23 9.69 0.95 3 145 5.89 5.13 1.15
Mean 0.98 Mean 1.00
C.V. +4.9% C.V. +95%
(e) Dakekanba (f) Mizunara
Specimen Ep de de delbe Specimen 22 de de dc/be
(t/em?) (X10-2cm) (t/cm2)  (X10—2cm)
D-10-1 140 2.32 2.43 0.96 M-10-1 132 2.49 2.75 0.91
2 132 2.48 2.55 0.97 2 65 5.05 493 1.03
3 124 2.61 2.85 0.92 3 59 5.59 5.60 1.00
30-1 138 3.12 3.04 1.03 30-1 123 3.54 3.58 0.99
2 133 3.29 3.33 0.99 2 109 3.96 4.04 0.98
3 123 3.52 3.63 0.97 3 50 8.68 8.38 1.04
50-1 137 6.12 5.50 111 50-1 120 7.22 6.38 1.13
135 6.28 5.25 1.20 2 112 7.52 7.31 1.03
120 7.09 5.63 1.26 3 43 19.24 15.25 1.26
Mean 1.05 Mean 1.04
CV. +11.3% C.V. +9.7%
DO LEWHE L 5,

4.3 WHBEHBRRER
Bk 7N — 7 TROWTOBBRABRERY £-3@)~@) WRT, vF 52k LEH
M, EL, Yo REBARKCE CLPBEBRR 20 EROBEKE OSBRSS
{Rbohni, .
4.4 PREGHERGETTCOEB/DORIEDOHERAE
RBEOF N WM EY R4, NRA-b) I X B EHERS LEMBERS LDl
B RHBECFRT, ROSCAONIBE O RENA A VPREMETHHE ISV EBRA
DOFFEMME > TWBD, FHRERT ARES 2N, ZOESVWHBRUTITL Dhbd
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Table 2. continued #£3 HEABRER
(g Lauan Table 3. Maximum failure moments
of test group I
Specimen Es de Be 0c/0e (a) Karamatsu
(t/em?)  (x10-2cm)
L-10-1 140 255 258 099 Specimen ~ Mre Mo MeoiMy.
2 98 340 333 102 (kgem)
3 96 3.45 3.63 0.95 K-10-1 21.74 17.54 1.24
2 18.23 17.99 1.01
30-1 128 3.38 3.46 0.98 2 19.80 17.66 112
2 101 4.27 472 0.90 ’ ’ ’
3 92 472 4,50 1.05 30-1 10.08 9.73 1.04
50-1 107 787 738 107 2 837 1036 081
2 102 8.35 8.00 1.04 3 9.18 10.32 0.89
3 86 9.86 9.31 1.06 50-1 4.82 5.57 0.87
Mean 1.01 5.40 5.47 0.99
C.V. +56% 3 5.20 5.59 0.93
(b) Hiba (¢) Hemlock
Specimen Mre M. Mye/ My, Specimen Mye M. Mye/ M.
(kg-m) (kg m)
Hi-10-1 23.40 13.58 1.72 He-10-1 17.10 13.46 1.27
2 23.13 14.31 1.62 2 14.40 13.96 1.03
3 23.67 13.62 1.74 3 13.73 14.46 0.95
30-1 6.84 8.49 0.81 30-1 7.92 7.85 1.01
2 7.92 8.41 0.94 2 6.75 8.11 0.83
3 7.65 9.05 0.85 3 7.38 8.10 0.91
50-1 3.69 4.42 0.84 50-1 4,05 5.01 0.81
2 3.96 4.42 0.90 4.23 4.92 0.86
3 3.78 459 0.82 3 3.83 4.41 0.87
(d) Yachidamo (e) Dakekanba
Specimen Mpe M MgeM/se Specimen Mpe Mse Mye/ My,
(kg-m) {(kg+m)
Y-10-1 34.88 21.56 1.62 D-10-1 20.25 19.61 1.03
2 33.03 22.15 1.49 2 27.86 19.23 145
3 30.56 21.99 1.39 3 18.36 19.38 0.95
30-1 18.86 13.22 1.43 30-1 11.34 11.74 0.97
2 19.67 13.32 1.48 8.55 11.57 0.74
3 9.95 13.27 0.75 3 8.64 11.74 0.74
50-1 8.91 6.99 1.28 50-1 5.90 5.84 1.01
2 7.71 6.06 1.27 2 6.89 5.78 1.19
3 9.45 6.61 143 3 5.76 5.77 1.00
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(f) Mizunara (g) Lauan
Specimen My M. Mfe/My. Specimen Mse Mse Mye/ My,
(kg-m) (kgem)
M-10-1 3141 16.93 1.86 L-10-1 2273 11.10 2.05
2 15.93 16.69 0.96 2 8.01 11.07 0.72
3 13.86 16.77 0.83 3 18.90 11.14 1.70
30-1 10.98 10.14 1.08 30-1 8.10 6.72 1.21
2 12.24 10.32 1.19 2 477 6.75 0.71
3 6.44 10.23 0.63 3 5.85 6.73 0.87
50-1 5.56 496 1.12 50-1 5.49 3.33 1.65
3.53 5.09 0.69 2 3.68 3.29 1.12
2.57 5.16 0.50 3 3.02 3.30 0.92

(Remarks) My ; Observed maximum failure moment and Mjy.; Calculated maximum

failure moment by the following equation® ;

My = 045 632,

where ; 6s=bending strength

Zn=net section modulus at the noted cross section

=4

R o XENE

Table 4. Average basic properties of test group II

u
Tu

ab

(%) (kg/cm?) (kg/cm?)
0.38 12.9 687
(0.34-0.42) (12.2-13.7) (519-848) (58-85)

5, CRIPYOIREDFERIDE=FIANF-FIBOREFDOE=FI 1 F - LDIEE
B, FHREPTRCESSRORBAY LTI edREEL bR,

LRABRECOWTOEH LRI £59% Lix->THY,

COMEELETRBEWTY, %M

Do REBEL IDZTFUFEEIEAMBEEBL—HERLTWB3DEE L2 L5, ThicxL,
RBG oY v 7 FEEZAV A REBEE, VIREBRAAVOEDNEBELDY, Ehiido
BRLBEF > TOANC L > TEOEEELIRIDERDEHDEBELLRS,

Bl T CHh-hERINBRH T ITRTOHEACHLEE LD TIILWDT, Fstd
EATVS, ThbbY ORERDBBREU L MCESCIERB AL, BEE=RAF—
FHOLOX I EELHDUEMVELDEEZLDNDDT, Thichs CF MY h R EHRE S5
ZBRNETHA D, ¥, TOBEBAERIE, VIHIREOFEC X HROBHHBTAMEOET
bhTHT, LOoBRBEBREKELTCTHHELT-Th, REMNRKERELXELSZL

BhwboeBELbID,
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Table 5. Comparison of calculated with observed deflections
of test group II

Specimen Ly 2 de Oe d¢/0e
(t/cm?) (X102 cm)
CL-A-1 101 478 591 0.81
2 12 86 6.07 6.40 0.95
3 86 5.79 6.25 0.93
B-1 101 4.29 447 0.96
/3 88 472 484 0.98
3 80 5.36 5.22 1.03
C-1 101 3.87 3.93 0.99
l/4 93 417 4.25 0.98
3 79 492 493 1.00
D-1 101 3.562 3.54 1.00
l/6 95 3.85 3.86 1.00
3 63 5.80 5.72 1.01
Mean 0.97
C.V. +59%
(Remrrks) L,; Location of notch.
Deflections are given per 10 kg load.
£#6 HHRHOEBMH
Table 6. Average basic properties of test group III

. u Ep g T
(%) {t/cm?) (kg/cm?) (kg/cm?)

0.50 135 130 911 67
(0.37-0.60) (12.6-14.5) (101-156) (613-1199) (45-100)

4.5 EHEDORZEH ORNOEMNORZZOBRAY

RBBOTFH I ERHEY K61, X, A1) IBHEHERI LEH PR LD
gy £-Terd, FHRIAEREABCELEMH F - 1MLt TWB0RELRS
B, BBRBUL £67% Lo T, ZORCEBOMIREXESRANLTL, HER
RELICHMiZ 5252 ENFTRETHHLDOERbIS, 22 TR I XEHEECHRBRE D
REBRIDK 25 ERUW S EOFADROWTERBBHZ ML, VoREINRHBHE
BEULEBR B, ThZhBUuAYOREELTHRINETH Y, X, FohiHERe
BWTUL, MEROEMY) ) REVROBELNSBEL 25 THA I,

ERERROEMY ) R EBC IBHEBRCREOR OB, “HEERTERE" <y
REDPXLABEE, BROBFHBFHEEDETAE LL, BESHE LTEDTIHERS
bbb,
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Table 7. Comparison of calculated with observed deflections

of test group III

675

Specimen N, Sn £ 3 Oe dc/de
(cm) (t/cm?) (Xx10~2cm)

MN-A-1 156 7.66 6.79 1.13
2 2 3.0 129 9.72 8.38 1.16

3 117 12.20 9.17 1.33

B-1 147 9.89 8.83 112

2 4 3.0 133 10.62 9.79 1.09

3 107 16.95 14.75 1.15

C-1 147 11.62 10.17 1.14

2 2 6.0 138 10.29 9.75 1.06

3 103 12.81 11.38 1.13

D-1 144 14.45 14.17 1.02

2 4 6.0 138 13.24 11.88 112

3 101 20.22 16.92 1.20

Mean 114
C.V. +6.7%

(Remarks) Ng; Number of notches and S, ; Notch spacing.
Deflections are given per 10kg load.

5. FESHHERHTTOAYHITIRMEOHKECONT

BIRBROCRXBORECE T, FMU O REEOFEAUIMRIEIRLEELORDD
T, TCTCRIDFHEECL LY, EHHEELET COW 21O RAEHERITE, F0F

TR HE L TRD L L L,
5.1 1OREEHFDROMKES

DR, Yo REVEHEOERNESMHELZTHEGELLRRELRL, ALED
FREBLLPEBRLTCABZEC LS, BORKELAOE UAMEL, FoA0MHEMA
0=0THEz2bhBhb

_ (MM, , _
0—S El ds=0

0

(2)

H-1(c) KR ENBERILEHID O R EXFHFORORRBEELDBLAND X OB THETLBHELT,
FMP DR EER LY QRERLTEELZRDL L

AX3—6X3+ [1 — (o — aphy (4 — 3mq + 3crohg)

+ (g + a0hol (4 — 3y — Baghg) — ———

(1—¢p

(4m3 — 4m3 — 3n} + 3mf)
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_ 3 90(2 “50) _ M3 2
12(ahy) {“_2(1 — 0 (ahy? (133 B+15+1)

S (2384 2o+ 3 —2~3me= 3 n (-9} | = 0

T, X=X/l
e LT, A2 360cm D 210 H D3 giAb 60 cm=I/6 DL B, §§10cm, FEIX 8cm=
034 h=h/3 DY O REVHHEBEREL B &, B) ROEHKEL
a =50, ¢ = 0.34, my = 0.153, n, = 0.181, hy = 0.065, B, = 0.368, 7o = 0.034
(4)
@) D& FREE Q) RicfRATH L
X3—15X24+02306 =0 X, = 0.4741 (5)

XoT, ZOBE, BRRELXOEUAMBIXZEAND 047411=170.7cm L s h, ZDHETD
BER LW H— R ROP REBARLENOEDRIL kx RO B L kr=0886 L7s%, —F, A
CROPREFERCESSEDRL 213, @ OEFBEL 1o RERATEZ LRI -TEL
bh, £k=0889 &7cnH, hEWMBEXYHE TS L kx/k=0997 Lis b, FREESTRKEESR
LR LB EDORER LG CRIcWZ Ehbhd, ZOBEOBRERT IR EOME, B
L, BRI o> TELTHH, ZOABHEOERNDLAT, WThoBad, FANKILE
RLTI L2z BicBbh s,
5.2 YHRZOERICEZEHREDOEL

ABERHEY T2, E—fFHe ot I REFEIEHRVLDO ST, X, B4
BTHECBETEEMAREEIHERAESD Cit, Ko KeonwT, ZEMED
b AR YO 3 ROBEMTRAR VDO I6LURERELTVS, Z2TE, ch¥%28E
BORFRX—I1B RO 16— ThECE LVELXHOEF ROV W R EF1coWT, %+
DB LZROFHREOTELHBE L TAB I LT 5,

BEIRVBHLEHEND 3 DY Y REXFEOROEH B L ko, ABRCI6OHE %
ko ETHE, Q)R Xb

1 _ ., 8 e
o 11135 {(3m° 5hqf* (4—3mog+5ho) —27(my+2hof (4—3me— Gho)}
+ 5 {mo+hoP (4= 3o~ )~ 27 mia—3mo)

+ ZTO By {(3mo+ 10A0)? (3 — 30 — 10kg) + 27 (3hg — mof? (1 + 3, —mo)}

— 80K {(3mo +10hg) (2 — 30— 10hg) + 3 (3hy — m1g) (2 + 9o — 3m0)}
+973.2h3(2 — 6my — hy) (6)



Py REwFORMBOMTEIMELWD (F2H) (FIH-REA) 677

1 1
ke 4%

{(Gmo 5o (8 — 610 + o) — 432 (g + bl (4— 3t — 3h0)}
n %3? {(6m0 + bl (8 — 6o — hg) — 432m3 (4 — 3m0)}

+ 2—1215* ho {(ano +25h0)? (6 — 67119 — 25h0) + 216 (4o — mo)? (1 + 4hy — mo)}

8k {(6mo +25hy) (4 — 610 — 25hg) +12 (&g — m1g) (2 + 12h — 3%)}

+218.9h3(4— 12m, — hy) (7)
FlE LT, 51 TH A2 360cm D20 HDOEBRAKEELBE, hy=235/360=0.065 & /5
BDT, kas RO ko iT T TFh

_ 1
kam = 55981 +0.07287my + 4.4982mZ — 4.6499m3

(8)
kag = 1 7 3 (9)
1.0013 +0.0045712, 1 0.813972 —0.8274m3
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ERrEROKEEYE LB, BohasT e V4 /3 me 2
BT, BRIKARVOBREM & LTEEARN B8 10k 0REC ML
BETHID, PEVOMEGENYEIRS, Fig. 8. Effective stiffness ratios due
BT, AEARECHE S hBENOY ) R E to loations of notches
KOWTIY, FhiR X AHELBEOHMEPFCERTILERI LD EELTIVWTHA S,
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678 EFERFRZRABRARRE H3I6E H3I5

AEERT A MOBKC XHWRSDRESRD T VMR HRIVERRES, X, 1XORKCHEE
DY Y REVRDHFILBECI, ROKEESBEERLDSTHAS D,

6. # B

AR TR, Sl h R FLEOEBRNRBERCHIc > TOWL OhDOMBE ROV TER
BB, Frelobhkd AV CESRILOREY T, BREENT S LKkoK
s5,

1) EAMREECKSVGL, SlY) ) XEWHR « OBENESHELERT 5HE L7,

2) ZFMY o REEE, #FE— 2 VERA-BTRVHELETERVTL, EALES
TeRECHAERS,

3) FHHY h R EFBUIL, EREOY IR ERFOAMBH LCHLHERBES,

4 FHHHUWELHETCO, YIYREOMEBER XIHZFHEEOELCH LT, £4PDR
ERHTIERIUE Y TUIDDH Z LK,

5) MAABTHCETAAREMEIOREBEOHBAN T, Y HRER X HHHHTAMD
ETE2HCERTAILERIRIDOERbLRS,

X [
1) e, RE f#&: ¥ R 2FORMBoMTAEIM LR (B1H). JLAHES, 36-2, 387-419, 1979.
2) PETERSON, R. E.: Stress Concentration Factors. John Wiley & Sons, 1974.
3) BE E: BEE7AHLeHOLRIHME. JuAHE®R, 36-2, 421-450, 1979
4) BABRE¥EE: REERGTEE . HigH, 1973
5) v~ 7 —BEMRESHE: BHBTHRRNERE AEF-—BREESRROCLAELRS, 1977

Summary

In report 1, the equivalent notch method was proposed to estimate the effective stiffness
of square-notched wood beams. Some problems, however, have been remained to be proved.

At first, it may be required to investigate whether we can use the same value 5.0 deter-
mined in report 1, for the parameter a (defined as the equivalent notch form factor) on various
wood species. Generally, stress concentration depending on the contour of a specimen is af-
fected by the mechanical characteristics of the material. And they affect not only the maxi-
mum values of localized high stresses, but also the extent of stress-disturbed area. The equiva-
lent notch from factor, therefore, may possibly vary due to the characteristics of each wood
species.

It is also required to verify the applicability of the equivalent notch method under the
loading conditions in which bending moment is not uniform.

Furthermore, how can we apply the calculating method to becams with multiple notches?

The purpose of this study was to investigate these problems experimentally and to take
some examples under uniformly distributed load.

The experimental methods of three test groups and the results are summarized as follows ;
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1. Applicability of the equivalent notch form factor.
Stiffness tests of square-notched wood beams were carried out as shown in Fig. 3 with
following seven species.
(a) Karamatsu (Lariz kaempferi)
b) Hiba (Thujopsis dolabrata var. hondae MAKINO)
Hemlock : imported from Canada

)
)
) Yachidamo (Frazinus mandshurica var. japonica MAXIM.)
) Dakekanba (Betula ermanit)

)

(
(c
{(d
(e
(f) Mizunara (Quercus mongolica var. grosseserrata (BLUME) Mi1Q.)

(g) Lauan: imported from Kalimantan

Average basic properties of each species are given in Table 1, and the center deflections
3. calculated by substituting a=>5.0 into Eq. (1-a) —notations are shown in Fig. 1(a)— as well
as the observed ones d, are given in Table 2. For practical use, the results seemed to show
that we can give the same value 5.0 for equivalent notch form factor through all wood species.
2. Applicability of the equivalent notch method under center loading.

Stiffness tests of four types of notched specimens as shown in Fig. 4 were carried out
under center loading as shown in Fig. 5. Todomatsu (Abies sachalinensis) was selected for
this study, and the average basic properties are given in Table 4. The center deflections 4,
calculated by substituting a=5.0 into Eq. (1-b) —notations are shown in Fig. 1(b)— as well
the observed onmes d, are given in Table 5. The results showed that the equivalent notch
method was also applicable under this loading condition.

From the results obtained under two points loading and center loading, it may be said
that we are able to apply the equivalent notch method to predict the effective stiffness of
square-notched wood beams under design load, i.e., uniformly distributed load.

3. Application of the equivalent notch method to beams with multiple notches.
Considering a finite-width plate with closely spaced multiple square notches under uniform

». If we assume the equivalent notch

tension, stress flow is described as shown in Fig. 2 (a)
geometry as shown in Fig. 1(b), therefore, the effective stiffness of the actual beam may be
estimated somewhat conservatively. The stress flow, however, is affected by notch spacing,
consequently, the equivalent notch presented here may be limited its applicability only to “closely
spaced notches”.

Stiffness tests of four types of test specimens with multiple notches as shown in Fig. 6
were carried out under two points loading as shown in Fig. 7. Hemlock was selected for
this study, and the average basic properties are given in Table 6. The center deflections &,
calculated by substituting @=5.0 into Eq. (1-a) as well as the observed ones §, are given in
Table 7. The results showed that the calculated deflections were somewhat larger than the
observed ones as expected.

4. Effective stiffness ratio due to notch location under uniformly distributed load.

Now considering a square-notched beam as shown in Fig. 1(c), the center deflection is
given by Eq. (1-¢), where k is the effective stiffness ratio. For example, we deal with nominal
2" x10” dimension lumber, of which beam span is 360 cm. If we assume regular square
notches and substitute 1/3 and 1/6 into ¢=du/h, the effective stiffness ratios kys and kye
are given by Eqgs. (8) and (9), respectively. Some examples calculated by these equations are
shown in Fig. 8.



