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Fig. 3. Specimen geometry and loading method.
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Table 1. Basic properties of test specimens
(a)-G 2

Specimen Tu u 4 Es EL Gri VL g T gL

(%) | (deg.) | (t/cm?) | (t/cm?) | (¢/cm?) (kg/cm?)|(kg/cm2)(kg/cm?)

G 2-10-1 0.44 12.3 39.8 125.0 0.91 6.42 0.42 830.3 83.14 41.31
2 0.42 12.3 28.4 115.9 1.46 7.77 0.38 715.0 80.28 30.52

3 043 12.6 42.6 1136 0.81 6.64 0.45 828.4 7285 | 46.13

20-1 0.44 122 20.9 1245 1.36 6.45 0.44 7985 | 7251 37.16
2 042 12.0 242 116.2 1.36 6.16 0.37 7996 | 7538 | 33.80
3 042 12.1 18.0 114.9 2.02 7.59 0.56 7015 | 7068 | 37.22

30-1 0.43 12.2 25.3 1238 1.50 6.28 0.36 7579 | 6284 | 4175
2 0.43 12.6 35.5 1164 116 6.46 0.53 804.2 | 7981 —
3 0.43 113 418 111.9 1.90 6.67 0.64 770.8 | 88.61 51.18

40-1 0.45 123 30.3 123.0 1.30 7.25 0.40 8450 | 89.61 | 44.64
2 0.44 124 175 1185 2.57 6.77 0.36 8309 | 76.71 35.29
3 042 125 246 1147 218 6.26 0.50 674.1 8465 | 36.99

50-1 0.43 12.9 16.7 1216 247 5.9 043 8703 | 77.76 | 38.91
2 0.44 125 56.3 121.3 1.01 6.13 0.37 830.7 | 7594 | 4185
3 0.43 12.1 32.3 110.8 0.97 547 0.56 8000 | 69.88 | 4267

Mean 0.43 12.3 30.3 118.1 153 6.55 0.46 7905 | 77.38 | 39.96

(Remarks) ru; Specific gravity, »; Moisture content, #; Average slope of anunal rings (see
Fig. 7), Es; Young’s modulus by bending test, £ ; Young’s modulus perpendicular to grain,
Gy s Modulus of rigidity, vs1; Poisson’s ratio, ¢5; Bending strength, 7 ; Block shear strength
and o1 ; Tensile strength perpendicular to grain.

* FEM 7 r 7 7 s REBER (TEREEFER) ORI h b 0T, FHEELEERAE AR 5%
eV 2 —~Tfrisotk,
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1 # x
Table 1. Contiued
(brG1
Specimen ru “ Eo i i
(%) (t/cm?) (kg/cm?) (kg/cm?)
G1-10-1 0.42 94 116.7 918.8 93.8
2 0.40 9.1 115.0 833.8 66.2
20-1 041 94 97.3 870.0 85.0
2 0.43 9.6 124.1 951.6 776
30-1 043 9.2 1223 950.9 81.1
2 0.42 9.8 988 858.3 88.9
40-1 041 8.6 109.9 862.7 63.3
2 0.42 9.8 118.6 930.5 89.2
50-1 043 9.7 1187 789.7 774
2 042 9.1 125.8 951.2 65.7
Mean 0.42 94 1147 891.8 78.8
(c}G3A
Specimen ru u 2 i T
(%) (t/cm?) (kg/cm?) (kg/cm?)
G3A-10-1 0.40 11.7 99.6 797.1 624
2 0.39 113 104.3 811.8 88.2
3 0.38 118 85.5 583.8 781
30-1 0.41 11.3 1049 889.5 86.5
2 0.36 11.7 101.1 682.3 59.4
3 0.36 12.3 89.3 620.1 70.1
50-1 0.42 11.8 1054 795.2 83.1
2 0.39 11.7 105.0 681.2 76.2
3 0.40 121 92.6 586.2 75.3
Mean 0.39 11.9 98.6 7164 75.5
(d-G3B
Specimen ru u Es 9o T
(%) (t/em?) (kg/cm?) (kg/cm?)
G 3B-10-1 0.38 114 96.2 7379 69.7
2 0.39 12.0 976 7305 83.0
3 0.35 10.8 73.7 607.6 63.7
30-1 0.38 116 95.3 689.8 724
2 0.35 105 842 568.9 76.8
3 0.38 11.2 81.2 654.0 71.8
50-1 0.36 11.1 97.0 721.3 66.7
2 0.39 12.1 101.8 7778 73.2
3 0.38 11.3 91.0 691.0 78.7
Mean 0.37 113 90.9 685.9 729




Wy REeFORMROMTAME LM (FFH-RE) 397

(e-G3C
Specimen Tu u Ey .4 T
(%) (t/cm?) (kg/cm?) (kg/cm?)
G 3C-10-1 0.36 114 770 574.8 793
2 0.39 114 104.6 770.5 575
3 0.38 114 80.0 714.1 75.1
30-1 0.35 114 91.6 645.3 727
0.35 9.7 80.0 635.5 712
0.37 11.0 91.8 684.5 62.9
50-1 0.37 11.7 815 622.6 YN
0.40 11.7 978 711.7 81.0
3 0.37 115 101.1 648.6 61.7
Mean 0.37 11.2 89.5 667.5 710
-G 4
Specimen Tu u E T
; (%) (t/cm?) (kg/cm?)
G 4-10-1 0.40 9.1 109.2 76.2
2 0.36 10.1 85.6 69.8
3 0.38 10.3 100.7 715
30-1 0.39 9.3 105.5 78.0
2 0.39 9.0 111.7 79.0
3 0.39 95 1079 675
50-1 0.36 9.8 824 795
2 0.38 11.8 97.3 63.9
3 0.38 115 106.0 752
Mean 0.38 100 100.7 734
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Fig. 8. Elastic normal strain distributions.
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Fig. 12. Load-strain curves observed with vertical strain gauges.
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Fig. 13. Typical normal strain behaviors at destructive tests.
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Table 2. Comparison of calculated with observed deflections
of test beams
(a)-G2
Specimen de de 3e/de de-s Sers/de
(X10—2 cm) (X10-2 cm) (x10—2 cm)
G 2-10-1 166 159 0.96 166 1.00
2 16.8 16.8 1.00 17.6 1.05
3 178 174 0.98 18.2 1.02
20-1 18.5 18.7 1.01 19.3 1.04
2 211 199 0.94 20.5 0.97
3 215 215 1.00 226 1.05
30-1 27.7 26.8 0.97 26.5 0.96
2 229 24.1 1.05 243 1.06
3 238 243 1.02 240 101
40-1 315 32.0 1.02 29.2 0.93
2 29.2 314 1.07 28.5 0.98
3 36.9 39.8 1.08 36.0 0.98
50-1 469 49.1 1.05 414 0.88
2 429 44.6 1.04 37.7 0.88
3 420 51.8 1.23 440 1.05
Mean 1.03 0.99
C.V. +6.7% +6.0%

(Remarks) de; Observed deflection, d.; Calculated deflection by equivalent notch method and

8¢—s5; Calculated deflection with apparent Young’s modulus given by Eq. (5).

given per 100 kg load.

Deflections are

(br-G3 A
Specimen Oe % 0c/Be de—s Oc—s/0e
(X10-2 cm) (X10-2 cm) (X10~2 ¢m)
G3 A-10-1 3.72 342 0.92 3.56 0.96
2 3.66 3.21 0.88 3.34 0.91
3 4.63 4,01 0.87 417 0.90
30-1 485 4.33 0.89 4.02 0.82
2 4.80 454 0.95 419 0.87
3 6.10 5.21 0.85 484 0.79
50-1 6.75 754 1.12 4.85 0.72
2 6.63 7.59 1.15 488 0.74
3 8.38 8.95 1.07 5.76 0.69
Mean 0.97 0.82
C.V. +11.9% +11.4%
Deflections are given per 10kg load.



Yy RExwFORMPBOMTAIMK LR (BH-RE) 407
(¢-G3B
Specimen de de Oc/de de-s Oc—s/0¢
(X10-2cm) (X10~2 cm) (x10-2em)
G 3B-10-1 3.44 3.53 1.03 3.67 1.07
2 3.72 3.39 0.91 3.52 0.95
3 5.25 4,71 0.90 4.90 0.93
30-1 5.95 5.61 0.94 5.22 0.88
2 5.65 5.61 0.99 5.24 0.93
3 6.10 5.81 0.95 5.44 0.89
50-1 8.25 8.72 1.06 5.98 0.72
2 7.69 8.29 1.08 5.69 0.74
3 10.56 10.34 0.98 6.99 0.66
Mean 0.98 ) 0.86
C.V. +6.5% +15.2%
G 3B is the control group and deflections are given per 10 kg load.
d-G3cC
Specimen Ge S 3c/de Be-s Oc—5/d¢
(X10-2 cm) (X10-2 cm) (X10-2 cm)
G3C-10-1 541 4.62 0.85 4.82 0.89
2 3.59 328 091 341 0.95
3 447 0.97 452 101
4.88
30-1 5.50 5.75 0.89 4.76 0.87
2 6.05 5.04 0.95 5.58 0.92
3 5.60 11.11 0.90 491 0.88
50-1 10.44 9.56 1.06 8.43 0.81
2 9.06 9.09 1.06 711 0.78
3 10.19 0.89 6.80 0.67
Mean 0.94 0.86
CV. +8.0% +11.6%

Deflections are given per 10kg load.

(@)~(f) wrT,

P22 () (G2) TIXTHE 100kg x4 50 E LT, fiixWE 10kg wxi+5

BE LTRERTWD, B, BUOERKX (OR) kX THEHLAER#HITO Y v 7FRE
FROVCIHEHE s bARBCR L, CThEOHREALIZRE, & 74— TDOWTOE
BRBNIRKRT £119%, X 10% DR s k- Tk Y, Sy v R ¥ X 3 FRFHEEN 2
DERELDOTHDZ ENBDBRD, 27— TFROVTOEBERVESHREIFhFR
098, +81% Thot, BREBTARELAR, ZOHEELRBHTIOY v /7 REIC X 55 EE
TS, Yy REBOEL, RBREIEORNM LY, TOBEGHCXEREYE LRV L
kb, LEMBETRESL, ZTOHEERCIE, SERELORELXRMLIS>ETS
&, BV RETHERMO, BVWIbRETRZ2MoFME S 2 5BEEA DB LTh
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Table 2. Continued
(erG1
Specimen de 8 8c/de Oe—s Oc—5/0e
(X10-2 cm) (X 10~2 cm) (X10-2cm)
G 1-10-1 3.80 3.55 0.94 3.60 0.95
2 3.90 3.56 091 3.60 0.92
20-1 5.10 4,78 0.94 464 0.91
2 4.30 3.99 0.93 381 0.89
30-1 5.05 4.72 0.94 411 0.81
2 6.35 5.95 0.94 5.27 0.83
40-1 725 7.06 0.97 5.15 0.71
2 7.10 7.11 1.00 5.05 0.71
50-1 945 8.53 0.90 5.37 0.57
2 10.45 10.18 0.97 6.06 0.60
Mean 0.94 0.79
CV. +31% +17.2%
Deflections are given per 10 kg load.
(f-G4
Specimen de B 8e/de Ge—s dc—s/de
(X10-2 cm) (X102 cm) (X10-2 cm)
G 4-10-1 3.75 3.61 0.96 3.76 1.00
2 475 4.67 0.98 487 1.03
3 4.25 387 0.91 404 0.95
30-1 5.17 4.67 0.90 4.56 0.88
2 5.33 447 0.84 4.26 0.80
3 5.17 458 0.89 4.46 0.86
50-1 9.50 10.48 1.10 718 0.76
2 9.08 9.09 1.00 6.38 0.70
3 8.50 8.18 0.96 5.66 0.67
Mean 0.95 0.85
C.V. +8.0% +14.2%

Deflections are given per 10 kg load.
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Fig. 16. Comparison of the calculation by
use of the equivalent notch method
and the calculation with apparent
Young’s modulus.
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KXo TWhWahled BREHRE— 2 v rORBENDHVEWILLDTH -, KPFETI,
I —7 2 TixY bk XFBAECREE LTI SR 4l DoA b vl vy — 2D 5 bunha
I DORHATER LETOREEY 3 - T, FA— 73 TREFCA ¥ r 77 7ICER LT
AP Vv VE—COMBBOMEY L > THIBHEL L, fio 250 70— 7 TCREREN LS
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B—18 @ B T B
Fig. 18. Typical notch failures.
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Table 3. Maximum failure moments of test beams

(ayG2
Specimen Mz M. Mye/ My, R
(kg-m) (kg-m)
G 2-10-1 179.3 191.6 0.94
2 144.3 165.9 0.87 0.90
3 169.0 1919 0.88
20-1 95.5 1434 0.67
2 101.0 1415 0.71 0.78
3 115.0 1205 0.95
30-1 79.0 94.9 0.83
2 74.3 1164 0.64 0.77
3 97.0 1135 0.85
40-1 59.0 87.6 0.64
2 62.0 93.0 0.67 0.78
3 64.0 61.5 1.04
50-1 46.8 62.4 0.75 0.74
2 435 64.7 0.67
3 46.8 594 0.79
Mean 0.79
C.V. +17.1%

(Remarks) Mre; Observed maximum failure moment, My.; Calculated maximum failure mo-
ment with effective section modulus given by Eq. (1) and R; Mean value of ratio M;/My.

for each notch depth.

(bF-G3 A
Specimen My M. Mye/M;, R
(kg m) (kg-m)
G 3 A-10-1 36.94 26.36 1.40
2 40.00 2747 146 1.46
3 20.38 19.28 152
30-1 13.38 1721 0.78
2 11.60 13.05 0.89 0.86
3 1053 1175 0.90
50-1 6.88 8.37 0.82
2 744 7.17 1,03 1.02
3 7.19 5.94 121
Mean 1.11
CV. +26.1%
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3 #®
Table 3. Continued
(c-G3B
Specimen M M. M;ye/ M. R
(kg-m) (kg+m)
G3C-10-1 32.50 24 47 1.33
2 32.50 24,82 131 1.34
3 27.38 19.85 1.38
30-1 9.94 11.89 0.84
2 11.25 10.85 1.04 0.93
3 11.38 12,57 091
50-1 6.71 753 0.89
2 5.75 8.06 0.71 0.87
3 6.63 6.59 101
Mean 1.05
C.V. +22.9%
drG3cC
Specimen Mye Mse Mye/ M5, R
(kg-m) (kg-m)
G3C-10-1 24.38 18.68 131
2 33.44 25.73 1.30 1.22
3 24.69 23.52 1.05
30-1 11,98 13.59 0.88
2 10.63 13.07 0.81 0.89
3 13.81 14.05 0.98
50-1 5.68 6.53 0.87
2 745 7.24 1.03 0.97
3 6.69 6.68 1.00
Mean 1.03
C.V. +17.3%

Gl G4 LERFh £-3@~D 1 My £ LT, ¥, ThieREERRBCHE
SR T HEHMERK (1) XBRB) LERRGORAMITHE L X HFHEMES M & LT
AT, L G4 DWTRHITHRERBR YT - Tt WD T, A—A b » 7ThHS G3 D
EEd AV, ChEORELYRETS L, 22 THLALERZBERIAEERTHECR
ERC L HHEMBE IV Bis s HALZRLTVWARICELh S, ETE—, 3@ T
BEBCERAMOFEME > TV58, ChIIRBREORGTERERTAIOERDLNhS, R
BREORFEIIBHIC X > TELL, ¥, A—EBETH-> T ThEhoRBREOBHERED
BVWIARDYDOERR L - T, RBJORGESLRIZEH TS, & THOHEIIEDT
BEBETH - elodic, MITFHEECHETT =y 730MHEE, BIERENMEL, #HERR



D RERFORMBO@FRIE LR (F3H-RE) 413

(e)-G1
Specimen Mse Mse M./ My, R
(kg m) (kg-m) :
G 1-10-1 32.50 27.74 1.17 1
2 33.81 25.51 1.33 25
20-1 19.88 ’ 21.06 0.94 08
2 15.00 2167 0.69 82
30-1 11.28 17.67 0.64 o
2 12.31 15.84 0.78 71
40-1 745 11.88 0.63 063
2 7.33 11.89 0.62 :
50-1 7.83 ‘ 8.56 091 078
2 5.50 8.48 0.65 :
Mean 0.84
C.V. +29.8%
f)-G4
Specimen Mye My Mye/ My, R
(kg-m) (kg+m)
G 4-10-1 15.04 8.35 1.80 1.62
2 11.84 8.26 143 .
3 6.59*
30-1 5.60 5.34 1.05 115
2 6.40 5.28 121
3 6.24 5.31 1.18
50-1 2.88 2.79 1.03
2,64 2.76 0.96 1.06
3 3.28 2.79 1.18
Mean 1.23
C.V. +221%

* This value was excluded because the specimen failed at very low stress level, and from
the visual observation, it seems to depend on a microscopic defect in the vicinity of a
corner of the notch.

IAHECRERMOEME kT b, D74 — 7 TEHEN10EZBL TS DIR>
WTCHABOEANESH, Wb X ER10%Z OBETKE L REMUCE - TV 5D EHIE
NEL o THWABIEE R, —F, STIEDA X 7 v » 7 BMEBELENE LTWBDT ()R
BR), CORTIEIEERRBBEEL L), 7oy 7EHRABRILE, ChETtriBESH
TR, MBI X540 TiRAL, SFCHFIBREDOHELZT 5120, JIkiH
BOREEE LTRERYTLLEZIATHEHN, RREBEORFELFRTEDIEEL XS L
Bihn, STIEDA 3y b /R i IEREIE I B3 5 ARG T 5 R AMIS HO LY —&
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Summary

In the design of bending members of wood structures, it is required to estimate the stiff-
ness as well as the load carrying capacity. For notched beams, however, no adequate design
rule has been established up to the present.

The previous works?®) (SucivyamMa and NAkKATA 1972, STiEDA 1966) have shown the effect
of notches on the apparent stiffness of square-notched wood beams, and SucivamMa proposed
the following empirical equation for the apparent Young’s modulus;

B _ d, |
B =1-064 (T) (5)

where; E,=apparent Young’s modulus of notched beam
E)=actual Young’s modulus of material tested
dp=notch depth
Young’s modulus, however, is one of the material constants, and the stiffness calculated by
Eq. (5) may be limited its applicability.

The purpose of this study was to represent the effective stifiness of square-notched wood
beams more adequately, and the beams as shown in Fig. 3 were tested. The specimens were
consisted of four groups;

G 1-Picea glehnii Mast. (=22 mm, h=46.5mm, L=750 mm, W=40 mm, d,=10, 20,

30, 40 and 50 per cent to A)
G 2-Picea glehnii MasT. (=38 mm, A=100 mm, L=1500 mm, W=80mm, d,=10, 20,
30, 40 and 50 per cent to h)
G 3-Abies sachalinensis Mast. (b=20 mm, =50 mm, L =750 mm, d,=10, 30 and 50 per
cent to h)
G 3 A (W=simple saw cut about 3 mm)
G 3B (W=10 mm)
LG 3C (W=20 mm)

G 4-Abies sachalinensis Mast. (b=20 mm, h=30 mm, L =480 mm, W=simple saw cut
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about 3 mm, d,=10, 30 and 50 per cent to h)

Basic properties of the specimens are given in Tables 1 (a)~(f).

Stiffness test and destructive test were carried out for each group, and the elastic strain
distributions were observed for the groups G 1 and G 2 with electric strain gauges.

The theoretical analysis and the test results are summarized as follows;

1. An approximate estimation of the effective stiffness

a) Released strain energy

The method presented in this paper is based on the concept of released strain energy,
which is originally proposed by GRIFFITH®. The elastic energy stored in a solid is changed
due to the presence of a crack. And the change in strain energy W; of an cracked elastic
infinite plate in plane strain or generalized plane stress can be obtained by considering the
distribution of elastic strain energy density. From the work done by traction on infinite bound-
ary (a large ellipse confocal with the crack), GriFFITH found that

W1 =

(6)

rate? {1 —?, plane strain
1

E

s plane stress (generalized)

where ;© E=Young’s modulus
v =Poisson’s ratio
a=half length of the crack
g =uniform stress at infinity

b) An approximate estimation of released strain energy

An approximate estimation is obtained by assuming a certain non-stress area based on
the concept of stress trajectories, instead of considering the distribution of strain energy den-
sity?.

We consider an infinite plate having an internal crack, the length of which is 2 a, under
fixed grip loading, as shown in Fig. 1(a). Stress trajectories are disturbed due to the presence
of the crack, consequently, there exists a certain extent of non-stress area in the vicinity of
the crack. Assuming that the extent has a triangular shape, the base of which is 2 fa, with
respect to the half length of the crack, the released strain energy reduces to

W1=—

Bata® {1 —t, plane strain

E (7)

1, plane stress (generalized)

Although the sign of W, is positive in Eq. (6) and negative in Eq. (7), it is depend on the
loading conditions®:®.

c) Application to notched wood beams

Now consider a square-notched beam having a finite volume as shown in Fig. 1(b). Then
the concept of stress trajectories gives a certain extent of non-stress area in a similar way
above mentjoned. Consequently, we can approximately estimate the elastic strain energy stored
in the beam. This method, however, seems to be not easy for practical use. Accordingly,
we introduced another assumption; an equivalent notch geometry as shown in Fig. 1(c). In
Figs. 1(b) and (c), 7 is not equal to @. Such an equivalent notch gives less strain energy
than the actual notch under fixed grip loading, and gives more strain energy under constant
loading. Although the other shapes of equivalent notches may be assumed, in this study, the
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simplest shape was adopted for practical use.

If we can determine the parameter a (see Fig. 1(c)) from the experimental results of a test
group, the deflections of square-notched beams can be calculated by using the elementary beam
theory. The deflection of a beam as shown in Fig. 2 is given by

=[P A g [P NI [ LI, )

0 EI o B dx+§.,, E.,

ar=L2—(W[2+ad,), a=(L-W)2, a=LJ2

(8)

where; E;=Young’s modulus in z-direction
I=moment of inertia of the beam
I;=moment of inertia at the tapered portion
I,=moment of inertia at the notch
M, =bending moment

d) Determination of parameter a

The deflections calculated by substituting arbitrary constant for a into Eq. (8) were com-
pared with the observed deflections of G 3B as shown in Fig. 15. G 3 was tested to investi-
gate the effect of notch width and G 3 B had intermediate width. The experimental results
of G3B are given in Table 2(c). From Fig. 15, the parameter « was determined to be 5.0.

e) Experimental verification

The prediction by the presented equivalent notch method was applied to the other groups.
The calculated deflections 8, as well as the observed deflections 8, are given in Tables 2 (a)~
(f) per 100 kg load for G2 and per 10 kg load for the other groups. The calculated deflections
de_s by Eq. (5) are also given in these tables.

The results showed that the calculaton by the equivalent notch method was available for
the prediction of the effective stiffness of square-notched wood beams. In particular, the results
suggest that the method is applicable to various notch depths and widths, while the calculation
with apparent Young’s modulus seems to be limited its applicability as discussed by Sucivamar.
The method presented in this study tends to overestimate the stiffness of shallow notched
beams and underestimate the stiffness of deep notched beams. This tendency depends on the
assumed equivalent notch geometry, and errors may decrease if we assume another geometry
as shown in Fig. 17(c). The mean value of ratio (5./d,) was 0.98 and the cofficient of variance
was *£8.1%.

2. Strain distribution

Strain distributions in the square-notched wood beams of group G 2 were observed with
electric strain gauges located as shown in Fig. 4. Strains were observed at three cross sections
(S1, S2, S3) and at four corners of the notch (V1A, V1B, V2A, V2B).

a) Elastic normal strain distributions

Elastic normal strain distributions are shown as the ratio to the control strain gauge (S1C)
in Figs. 8(a)~(e). The figures indicate that the extent of low strain energy density area
depends on notch depth, therefore, the assumption of the equivalent notch method seems to
be reasonable.

In the vicinity of the corners of notch, concentrate high stress perpendicular to grain -
and high shearing stress as presented in many previous works. These stresses, however, do
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not increase in proportion to nominal stress at the notched net cross section, and the ratio
of maximum stress perpendicular to grajn to maximum shearing stress is not constant. This
ratio is plotted for each notch depth in Fig. 9. In shallow notched beams, shearing stress
seems to be primary for local deformation in the vicinity of notch, and it effects in wider
extent in comparison with stress perpendicular to grain. This fact seems to cause high normal
strains in the tension sides at the notched cross sections of shallow notched beams.

b) Strain perpendicular to grain

Load-strain curves observed with vertical strain gauges located in the vicinities of the
corners of notch were as shown in Figs. 11 (a)~(e) and 12.

¢) Normal strain behavior

Load-strain curves at the destructive test were as shown in Figs. 13(a)~(d). The figures
show the redistribution of normal strains due to the extension of the crack initiated at the
corner of notch (see Fig. 18).

3. Maximum failure moment
The destructive tests were carried out, in which the notch was located in tension side.
The maximum failure moments M/, were as shown in Tables 3 (a)~(f).
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