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Evaluation of Static Strength by the Application of Mixed Mode
Stress Intensity of Angular Corner

Nao-Aki NODA, Dai-heng CHEN,
Yasushi TAKASE and Takamitsu MORODOMI

In this paper, a method of evaluation of static strength by the application of mixed mode stress
intensity factors of angular corner is considered. Recently, it has been found that the stress field near
a corner of jointed dissimilar materials is expressed as a sum of the symmetric state with a
singularity of 1/7'™* and the skew symmetric state with a stress singularity of 1/#'~*. In this respect,
the fracture tests are carried out on the plane specimens of acrylic resin having a single sharp notch.
Different artificial notches are introduced into the specimens with varying the opening and inclination
angles. The fracture criterion for different shaped notch is discussed on the basis of the stress
distribution near the notch. The usefullness of Ki,u and Ku, for the evaluation of static strength
under mixed mode fracture is confirmed through the experiment.

Key Words: Fracture Mechanics, Stress Intensity Factor, Stress Concentration, Notch, Fracture
Criterion, Fracture Toughness, Angular Corner, Mixed Mode Fracture
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Table 3 Results of experiment (y=30° )

= - <, e =ry P Specimen{ W t T B 4 Kic.a Kicp,
7z, FIERDABKICIX, 2 Ea— yEHEIERES No | omy | 2™ L my | (5o | (%) | (Mpay |[vmm®] [vmm-ii]
ﬂﬁ%{gﬁﬁ (E?ﬁ&{/ﬁﬁ}f AUTOGRAPH AGlO'TC) %* Inclination angle B=5°
- /\“ - °_ > .
BHALL. 702~y FAE= Fi2l (mm/min) &L 3101 | 40.0 [0.10| 5.0 | 30.3| 4.67 | 8.36 | 36.3 | 2.09
3102 | 40.0 0.11{ 5.0 [30.1 4.63 | 8.25 | 36.6 | 2.09
Table 1 Mechanical properties of material (MPa) 3103 | 40.0 | 0.11) 5.0 | 30.8 | 4.52 | 8.37 | 37.0 | 2.11
Tensile 72.5 Inclination angle $=15°
Strength ’
3104 | 40.1 [0.10} 4.9 [30.2 15.1 | 8.63 | 36.4 | 6.23
Young 3230 3209 | 39.9 | 0.10| 4.9 [30.2| 15.0 | 8.95 | 37.4 | 6.41
modulus 3213 | 40.0 {0.10| 4.9 | 30.0] 15.0 | 8.99 | 37.8 6.47
Bendlng 113 Inclination angle f=30°
Strength
3107 40.2 0.11 4.9 30.7 29.5 9.11 35.3 12.1
3108 | 40.2 | 0.10| 4.9 [30.8] 30.1 [ 9.22 | 35.2 | 12.2
3109 | 39.8 | 0.10 | 4.9 [ 30.9 29.6 [ 9.00 | 33.4 | 11.6
R 3214 40.1 0.10 5.0 30.1 30.0 9.30 35.0 12.1
thickness 3215 | 40.1 {0.10| 4.9 [30.3[ 30.0 | 9.57 | 35.8 | 12.4
= 3216 | 40.1 [o0.10] 4.9 [30.1} 30.1 | 9.40 | 35.6 | 12.3
e
. °
Table 4 Results of experiment (y =60 )
o .
o Specimenj W t I3 B -4 Kic.a, Kpcay
- No | @m | 2 [@m | (| %) (MPa) [[¥orm 03] {[w-om 421}
Inclination angle f8=5°
>_—___._._.___.°
b 6201 | 39.9 {0.10| 5.0 [60.1] 4.90 | 9.31 | 41.9 | 2.87
6202 | 39.9 | 0.10| 4.9 [59.9| 5.13 | 8.98 | 40.4 | 2.77
6203 40.0 0.10 4.9 60.0 5.07 8.99 40.8 2.79
= Inclination angle f$=15°
=
W=40
6204 | 39.9 {0.10{ 5.0 [ 59.9| 15.0 | 9.31 | 40.6 | 8.27
6205 | 39.8 | 0.10{ 4.9 | 60.0] 15.0 | 9.08 | 39.4 | 8.05
6206 | 39.9 | 0.10| 5.0 [60.1] 15.1 | 8.88 | 38.7 7.89
,d 12 Inclination angle B=30°
6207 | 39.9 {o0.10| 4.9 [60.0| 30.2 | 10.6 | 40.6 | 16.6
6208 | 39.8 | 0.10| 4.9 [60.2| 30.0 | 9.32 | 35.6 14.6
6209 | 40.0 [ 0.10| 4.9 | 59.9] 30.0 | 9.49 | 36.8 15.0
Fig.1l Geometry of specimens tested
Table 2 Dimensignless SIF Table 5 Results of experiment (y=90" )
Fia = “' Fya, = =2 i w K X
AT g [ralh A ge fral-ds Specimen t T B a C, % Ay
7 J7 - ' / 7 No | (mm) a/w @m) | < [ Ty | Mpay [ ] i)
ion: O =P/tW _ p.
Tension: Yr » P:External Load Inclination angle B=5°
Fp, Fpa,
Bl s | 1s° | 30° | o° s° | ase | 300 9001 | 37.0 | 0.10| 5.0 | 93.3| 4.83 | 9.29 | 42.9 | 6.68
kil 9002 | 40.0 { 0.10{ 5.0 | 92.5| 4.75 | 9.32 | 43.8 | 6.73
o 0,0 §1.148 }1.1401.107 {1.000 }0.000 }0.075 |0.218 [0.397
Y =30 0.1 $1.217 {1,208 [1.178 }1.064 [0.000 {0,080 |0.231 |0,421
A1=0.501 | 0.2 |1.399 |[1.390 |1.354 |1.226 [0.000 [0.090 [0.262 |0.478 Inclination angle §=15°
A2=0.598 | 0-3 [1.698 [1.687 |1.645 |1.495 {0.000 [0.107 [0.309 |0.567
0.4 12.517 |2.144 [2.094 [1.914 {0.000 [0.130)0.378 [0.698
9004 | 40.1 [0.10| 4.9 | 95.4) 15.7 | 8.62 | 39.6 | 17.4
B 0.0 $1.225}1,2181.176 }1.040 {0,000 {0.113 [0.326 {0.577 9005 39.9 0.10} 4.9 93.8 15.2 9.19 41.5 18.5
T =60 0.1 11.298 [1.291[1.249 [1.107 j0.000 [0.120 {0.345 [0.611 9006 40.0 0.10 5.0 93.3 14.8 9.37 42.1 18.9
A1=0.512 0.2 {1.492 [1.485{1.437 {1.282 |0.000 |0.136 [0.391 |0.697
A2=0,731 | 0-3 [1.808 |1.797 {1.746 |1.572]0.000 {0.160 |0.462 {0.834
0.4 |2.29512.28212.224 |2.023|0.000 [0.197 |0.570 |1.046 Inclination angle JB=30°
o 0.0 }1.336 |1.327 [1.266 |[1.065 {0.000 {0.331 |0.946 {1.576
r=90 0.1 [1.417 [1.407 |1.347 {1.146 |0.000 |0.351 [1.001 |1.687 9007 | 40.0 | 0.10| 4.9 | 92.9} 29.2 | 10.8 | 40.4 | 36.5
A1=0.544 0.2 |1.630 {1.618 [1.557 {1.356 [0.000 [0.397 {1.140 |1.975 9008 40.1 | 0,10} 4.9 | 93.0| 29.4 10.9 41.5 37.0
22=0.909 0.3 11.980 {1.958 11.903 [1.695]0.000 {0.476 |1.372 |2.465 9009 40.1 } 0.10| 5.0 | 92.8 ] 29.1 10.5 40.5 35.7
0.4 12.523 (2.486 [2.441 ]2.211|0.000 |0.609 |1.760 |3.254
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Table 6 Experimental results of Kicai, Kicaz

(Average Standard deviation)

. i i of
B K:c.ul.N m¥ A)j Knc.ul" mt h’] (MPa)
o300 | 0| 38.0%1.2 0.0 8.1940.47
}\7_ 5| 36.6+0.4 2.140.0 8.33%0.27
1=0.5011 o1 37.2%0.7 6.440.1 8.86+0.83
22=0.598| 30 | 35.0%0.9 12.140.3 9.27+1.40
sot | 0| 40.2%2.4 0.0 8.29%0.12
o s1a| 3| 4r-0x0.8 2.840.1 9.09+0.81
1=0.5121 o 1 39.6%1.0 8.1+0.2 9.09+0.92
M=0.731| 345 | 37.742.6 | 15.4%1.1 9.80+3.14
0| 43.0%0.6 0.0 8.98%0.40
y =90° 5| 43.3%0.6 6.7£0.0 9.31%0.02 i« J, \L
M=0.544| 15 | 41.1:%1.2 18.3+0.4 9.06+£1.65"
A2=0.909| 30 40.8%0.3 36.4%0.3 10.74+0.98 Fiq.2 Model of angular corner
5 20
——— 7=30° g=5 y=30° B=15°
- y=60° =5 — = y=60° B=15°
ar - — =90 B=5° — = . y=90° g=15°
3 JI\ ) _ direction of . | direction of
, o Coane
. 4 N
@ @ ‘ B
1 ‘\- T A
N -~ o F : T 4
o & A SCESEN [ ————
-1 - 1
_2 i 1 " 1 1 i Il 4 10 N 1 " 1 " 1 N i 1 1
(1] 0.02 0.04 0.06 0.08 0.1 0.12 0.14 - 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
r (mm) r (mm)
Fig.3 Direction of Ogmax (B=5" ) Fig.4 Direction of Ogma (B=15" )

3. RRNRBIUHK

BIE TR E AL BT L7 VRIGIR 344 & TARGBR T OF ITRBEMTRER £ 11072, 52 LoORE L HEK
HOETHEE BB EPE BV THNED Kica, Kica2 2 RAERAVWTHEHL.

£ 1-4, x 1- o
Kica = I,MOT‘/;a 'y Kucaz = u,Azgr‘/’_m h,or =Pltw e (1)

RND Fa, FaldFc52b00b. £3, &4, RCEFhEFRREEMy =30", 60° , 90° OEEERERT".
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5. Feid, FEYIREDOBEEAy LEXALLRL LIS ETERET>THRS ooy, Ko, KicaPF¥E
LERRELT LD DTHA*E, mLy TﬁéﬁﬁE‘@bﬂéﬁ'é&K[[c,gzﬁﬁgm]?'%Kﬁ‘—‘l‘K]c,u@ilfﬁ)Ogﬁi?)
DAEBOBITE. LEAL—RICZOERIRS I Y KREL2VE)TH S,
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A —7%[ (A4 = 3)sin{A,(a - 7)}cos(A, ~1)0 +[Alsin{a - Afa-m)}+ Sin(l,ﬂ)]ms(& +1)8 ];lf—_'%

- %[ (& -3)sin{A,(a -7)}sin(2, -1)0 —[Az sin{a - A,(a - 7)} - sin(/\z:r)]sin(/ll +1)8 ]—Klﬂl

i

o, = 7’%‘-[ (A +l)sin{/1,(a - Jr)}vcos(ll1 -1)8 +[Alsin{a SACE :r)} + sin(llu')]oos(/\1 +1)8 ]%

*l g3~ sisRF XS, MEIEa/w =01, B=5°, 15° , 30° THDA, HEOMBRERDIBIZa/w=0.1, =5, 15°, 30° L LT O#BER /.
*2 T Kia, @ p=0" ORRENM VDN IR SOMBMER R RO B OTHML IRERTHD,
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° o
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CEEPH S 0L Bbhs. M6k, =30" 0
EDy =30" £90° ODEBRBOBBHOAY v +Th
5. BUTRT X940, R EERTO S BERME g, " 0 R p 0
‘iy =90" DHETRELZ>T 5. ESAEES Fig.7 Crack initiation angle 6; vs B
BHEOYR XERTOIMNERAKG LHEL, 7

Uy bLAbDOTH D, H3~6I R R & R ooy S
XAABLUBES y AL 2210 TOHAKRE &
.- —— . y=30° g=0°
2SS 515, ) L
) " 72300 gals?
~ 100 [ L3 Tensile 14 =07 el
o \ Strength g — — - y=60° 3=0°
20 g ‘ P e
—— 1=30° §=30° ~ _ML_____ ¥ ] =3
b —— - 7 =60° B=30° g 3 O 7=60° g=15°
N — — - y=90° B=30° = N . & 7=60° B=30°
20 | § 50 7 AN 177 70 80
j i \=~:-'\ o 7=90° g§=5°
dircction of TR b3 . 90° geis5®
- i~ e 7= =15
- ~ r Q“ Y r=50° §=30°
é 10 : - 1 I 1
A i - _ = % 0.1 0.2 0.3
Y (mm)
L e | Fig.8 Ogmax Vs r relation
150 g
10 ——— b ) L i 4 1 1 1 I} Q
""" 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 ,% | =0t geo0
r (mm) ! R
Fig.5 Direction of Ogmax (B=30° ) 6 72307 8215
100 [ '}\ Tensile 7 v =30° 8=30°
A\

<7 =60° §=0°
7 =60° 3=35°

a
\ o

TL 3 7=60° g=15°

& y=60° g=30°

' A
Lj@i e %__i* T 5o - \g ‘\g\-\ [ 2 ;900 5:0.
4 s o 7=90° 8=5°

by Strength gy -

Oy (MPa)

e BN
' ‘1«—~$;,_'{_‘_f___ s 790" B=15°
v y=90° 3=30°
Detail of A Detail of B
0 " i " 1 "
, . R , 0 0.1 0.2 0.3
(a) y=30 , B=30 (b) y=90 , B=30 r (mm)
Fig.6 Examples of fracture surface Fig.9 Oy Vs L relation
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BRELEET A LIENAH ogmax TEX HEHD
P VEWIRENSH B, —F, HOTIIEMIC
FE 2 AKFEHTORHFHE2RL T05DOTERYE
5TH5H. LoT, FHRTIIHIOKEEL D &L ILRE
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LI TRIMBLBEO T4 74 e L TAEB)
EERD.

’

3.5
- — - 7=30° 8=0°
5\ e  y=30° g=5°
3 %\ s y=30° 8=15°
t sa,\ A 7=30° §=30°
o — — - 7=60° g=0°
2.5 > 1 o e
N -55 o y=60° g=5
[« N Tensile N 260° Bo16°
g’ h Strength g» 0 7=60° 8=ls
- L ‘v\ / 1 & 7=60° 8=30°
2 ~,
-_—‘(“L‘ ----- 7=90° g=0°
o 7=%° g=5°
1.5 [ "‘ 1 ¢ 70 Eas
\l;‘ Y ye%0° ge30°
! 1 1 *
1, -3 - -1 [
log r
Fig.10 log oy vs log r relation
Table 7 Results of Kjcai, Kicaz based on
eqn(3) [( ):Experimental results]
e of
B | KealWom R | Kygo|-m0ess] (MPa)
y=30° o | 38.0 (38.0) 0.0 (0.0) 8.19 (8.19)
a=0.501] (3 | 37-8 (36.6) 2.2 (2.1) 8.61 (8.33)
1=0. 15 | 36.8 (37.2) 6.3 (6.4) 8.76 (B.86)
2\2=0.598| 30 | 34.0 (35.0) | 11.7 (12.1) 8.99 (9.27)
y =60° 0 40.1 (40.2) 0.0 (0.0) 8.81 (8.29)
M=0.512] 5 | 40.0 (41.0) 2.7 (2.8) 8.86 (9.09)
1=0. 15 | 39.3 (39.6) 8.0 (8.1) 9.03 (9.09)
A2=0.731| 30 37.6 (37.7) 15.4 (15.4) 9.80 (9.80)
y =90° 0| 43.9 (43.0) 0.0 (0.0) 8.17 (8.98)
ai=0.544| (5 | 93-9 (43.3) 6.6 (6.7) 9.43 (9.31)
1=0. 15 | 43.9 (41.1) 19.5 (18.3) 9.69 (9.06)
A2=0.909{ 30 | 44.5 (40.8) 39.7 (36.4) | 11.71 (10.74)
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