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Intensity of Singular Stress Field at the Notch Tip of a V-Notched Bar

Nao-Aki NODA* Qing WANG,
Yasushi TAKASE and Dai-Heng CHEN

** Kyushu Institute of Technology, Dept. of Mechanical Enginnering,
1-1 Sensui-cho, Tobata-ku Kitakyushu, Fukuoka, 804-8350 Japan

In this study, generalized stress intensity factors Ki.i, and Ki.x, are calculated for a V-shaped
notched round bar under tension using the singular integral equation of the body force method. The
body force method is used to formulate the problems as a system of singular integral equations with
Cauchy-type or logarithmic-type singularities, where the unknown functions are the densities of
body forces distributed in an infinite body. In order to analyze the problems accurately, the unknown
functions are expressed as piecewise smooth functions using two types of fundamental densities and
power series, where the fundamental densities are chosen to represent the symmetric stress singular-
ity of 1/'"* and the skew-symmetric stress singularity of 1/#'"*. Then, generalized stress intensity
factors at the notch tip are systematically calculated for various shapes of V-shaped notches.
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Fig.l A cylindrical bar with a V-shaped
circumferential notch
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BHTEEIND —BALS KGR K, Kps i Table 5 Results of V-notch in a round bar
FER R TO EHOEW 0), wWO0), W), W) 7=30° , A1=0.5014530, A2=0.5981918
N . AN - g a
MoRDENDD. LFTRATY > v=0. 3&L A-2 Fo B =2 el B,y
7 4 U o0 15 300 |asc | o0 [ 1s° | 300 | as5°
= t/D
—0 [1.000[1.000/1.000{1.000[0.000/1.000{1.000[1.000
3. PR 0.01 {0.984(0.987}0.992{1.000]0.000[0.985|0.980[0.972
R 0.02 10.972(0.976]0.980/0.988(0.000{0.969|0.965|0.958
0.05 ]0.930{0.934{0.938(0.947}0.000{0.919[0.918[0.911
e - 6) TEZXNBE., F. OED 0.1 10.856]0.860{0.861]/0.868{0.000{0.8470.845|0.842
#1, 21t (6) TER i B, P 0.2 10.725{0.728]6.729}0.733]0.000 0.712 8.219 8'219
AT ToT. M : ~ D DREMTH S, 0.3 |0.614{0.617]0.615}0.617{0.000|0.614|0.617}0.621
fERT. TIT, MEERMBELD OERITH 0.4 |0.519]0.519]0.518}0.520]0.000[0.528]0.531}0.540
© [~1-2 © 1 0.5 [0.437]0.436[0.435/0.436}0.000/0.451]0.454{0.467
E, =K, 1o ™" F =Ky, 10" Jmt'™ 0.6 10.363(0.362/0.361/0-363]0.000]0.378|0.384]0.402
Ce e (8) 0.7 10.29310.29310.293]0.294}0.000}0.310]/0.317{0.339
0.8 10.225[0.225[0.225[0.226]0.000|0.242]0.252{0.274
£1 21T m T O TORA LR, AR 0.9 |0.15110.151/0.151]0.151}0.000]0.1270]0.181[0.199
N - e TP 3 - 2
Table 1 Convergence of F, ,, and F,. ,, at the Table 6 Results of V-notch in a round bar
corner A (7r=30° ,3=15° , A=2t/D=0.5) r=45° , A1=0.5050097, X 2=0.6597016
‘ Fim (A1=0.5014530) Fiaz {(A2=0.5981918) U_)L)ZI"I.M"FLM,\..O (I_A’)z[:l:’,/\l/[:ll,hzl_.()
M| from from from  from LbxB| o° 15° | 30° | 4s° 0° 15° | 30° | 45°
u/ﬂl(o) W,'(O) Average W,l”(O) W;a(O) Average +/D
—0 {1.000/1.000|1.000{1.000/0.000]1.000]1.000|1.000
611.9243 1.9253 1.9248 0.5351 0.5353 0.5352 0.01 [0.982{0.984(0.985|1.001{0.000{0.984{0.978(0.980
711.9278 1.9286 1.928210.5299 0.5300 0.5299 0.02 |0.97110.972]0.975[0.998/0.000{0.9680.965{0.972
8 11.9289 1.9296 1.929210.5279 0.5280 0.5280 0.05 ]0.929/0.930{0.933/0.939[0.000{0.920{0.918{0.914
9 11.9292 1.9297 1.929510.5271 0.5271 0.5271 0.1 ]0.855{0.856(0.858(0.863|0.000]/0.8480.845|0.841
10}1.9288 1.9293 1.9291 [0.5268 0.5268 0.5268 0.2 {0.725]0.725(0.7270.735|0.000]0.717]0.714]0.715
0.3 |0.61410.614]0.616]0.627[0.000/0.610{0.608[0.613
0.4 |0.519]0.520[0.5220.535|0.000[0.516|0.518|0.530
Table 2 Convergence of F,,, and F, ,, at the 0.5 [0.437(0.4370.440/0.455(0.000/0.434(0.438]0.461
corner A (7=60",3=15" , A=2t/D=0.5) 0.6 |0.363{0.364(0.3680.382|0.000/0.360/0.368/0.400
" - s - 0.7 10.29410.295[0.299/0.312{0.000[0.292]0.306/0.343
£, (A1=0.5122214) us2 (A2=0.7309007) 0.8 [0.225]0.227(0.231/0.241{0.000/0.230/0.248/0.285
M 0.9 [0.151]0.152{0.155[0.162|06.000/0.168{0.185}0.216
vf}r’a;r)x fxiom Average fr,,°’“ f{,om Average
/! wi(0) wr) w'(0)
6 |2.0857 2.0865 2.0861 |0.7519 0.7529 0.7524 Table 7 Results of V-notch in a round bar
7 12.0873 2.0878 2.0875 {0.7485 0.7493 0.7489 —En° = ~
=60 =0.5122214, A2=0.
8 |2.0877 2.0881 2.0879 |0.7471 0.7477 0.7474 T P A 214, A2=0.7305007
9 12.0879 2.0881 2.0880 {0.7463 0.7468 0.7465 A=AV E  IF 1-AVE JF
10{2.0872 2.0874 2.0873 [0.7472 0.7476 0.7474 5 (L2 by i =AY By sal sl
> Bl oo | 1s° | 30° |as5° | oo | 1s° | 30° | 4s°
/D
Table 3 F,,,, Fy ,, of V-notch in a semi-infinite plate —0 {1.000/1.000}1.000{1.000}0.000{1.000{1.000{1.000
(A=2t/D—0 in Fig.l) 0.01 |0.983{0.983/0.984[0.990|0.000{0.992}0.983]0.982
, - 0.02 ]0.970}0.972[0.971]0.978}0.000}0.9720.967]0.966
141 Fia 0.05 10.92810.92910.931(0.9360.000{0.930]0.917(0.916
gl - X - X - - - - 0.1 }0.854]0.855[0.857/0.864]0.000]0.847]0.8420.842
y 0 15 30 45 0 15 30 45 0.2 10.724(0.72910.731(0.745}0.000{0.707|0.703[0.715
0.3 |0.613{0.608]0.613(0.646|0.000]0.600/0.597/0.615
15° |1.129(1.093]0.992]0.837{0.000]0.193}0.356(0.462] {0.4 |0.519]0.516]0.523(0.562]0.000]0.502]0.5050.536
. ) 1.107|1.000]0. . . . . 0.5 10.437|0.436)|0.446]0.485]0.000]0.4170.426/0.470
30° |1.148 83410.00010.21810.39710.505| 15 ¢ 15°323]0 364 |0.375|0.411|0.000|0.342 |0.359 |0 414
45° [1.181}1.139/1.020/0.835{0.000]/0.258/0.464(0.573| 0.7 {0.294|0.296]0.3080.337]0.000]0.278/0.303/0.361
60° |1.225]1.176]1.040/0.824|0.000]0.326|0.577]0.684 gg gf;g 8?22 g-ig‘z’ g-fgg g-ggg 8%‘;% gfgg 8-309
90° |1.336]1.266|1.065 0.000|0.946 |1.576 - - - - - - . - =247
Table 8 Results of V-notch in a round bar
Table 4 Results of V-notch in a round bar
¥=90° , 11=0.5444837, A2=0.9085292
rY=15", A1=0.5001793 , A2=0.5452545 — - T —
P ; - 5 (]_)')21'1')4’1'/,».”_.“ a ')‘)7[‘.'1.1.2"l'/i,),z)__.u
(1-24) I'I,M/FI.M,\_.U 1-2) 1'}1‘);:/1';1,112;,,.0 8 o Y N N N N
i - - - - > 0 15 30 0 15 30
> 0 15 30 45 0 15° | 30° | 45° ih
t/D
0 [1.000{1.000{1.000]{0.000{1. .0
—0 1.000]1.000{1.000{1.000]0.000/1.000}{1.000/(1.000 0_.—(’)1 0.985{0.985/0.9830.000 é}ggg éggg
g.gé 8.937 0.99010.99511.00210.000{0.970{0.966|0.967 0.02 |0.971]0.972]0.971{0.000}0.970[0.967
. .97310.975]0.982]0.989]0.000{0.955]0.9500.952 0.05 |0.9270.928]0.928/0.000/0.921}0.919
0.05 10.930]0.933[0.939{0.948]0.000{0.907{0.905/0.904 0.1 |0.852]|0.854|0.856/0.000]0.843|0.840
0.1 0.85710.858{0.862|0.867|0.000/0.844{0.840]/0.840 0.2 0.72210.72410.736}10.000(0.70110.703
0.2 |0.725{0.726|0.727]0.727]0.000]0.720{0.7190.72 .
0.3 ]0.6130.613|0.612/0.605[0.000{0.622|0.624 0,633 8'2 8 Siﬁ 8'2%2 82?,2 8'888 8'2;3 8'235
0.4 10.518/0.518(0.51410.50410.00010.543/0.543{0.555 0.5 |0.434{0.4460.485]0.000|0.385|0.434
0.5 10.436[0.435[0.42910.419]/0.000[0.4680.471]0.483 : 0.365]0.375]0.41410.000{0.3200.382
0.6 |0.362|0.360]0.354]0.346]0.000]0 39810 400]0 413 0.6 : : : : : :
0.7 10.293]0.2910.286/0.279|0.000]0 328 |0.331]0 343 0.7 |0.298]0.309]0.345{0.000/0.276{0.341
0.8 0.225{0.223}0.219{0.2140.000[0.256]0.26010.271 0.8 0.23310.242}0.27310.00010.248}0.310
0.9 0.150]0.149/0.146[0.143/0.000]|0.176/0.180]0 189 0.9 ]0.16110.16870.18910.00010.22910.282
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8 ST I TS DA AR O MBAHE (- A)F,,,/FL L,
S EMICESTESICAL —HT S,

4. ¥ 7

AT, AEAEOREMS HBREFALTY
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W=APF o/ F|_, BRSO EAIBHLLTS
YR ZVES A SMEMBONE - THIUTTLIZNE 0,
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INE L,

Bt B EHRDEEDEFMLo THV R HFE
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Table 9 Results of Double V-notches in a flat bar

r=30° , A1=0.5014530, A2=0.5981918
(1’)')1';.a1/[';.A1L_.g (I_A)G-Klll:ﬂvﬁ -0
B} o° 15° | 30° | 45° 0° 15° | 30° | 45°
+/D
—0 }1.000§1.000{1.000}1.000{0.000{1.000|1.000{1.000
0.04 J0.9580.95710.958(0.959[0.000[0.956]0.958}0.958
0.1 0.897j0.897{0.897/0.897|0.000]0.896{0.898{0.897
0.2 0.793/0.793({0.794{0.793]0.000{0.793]0.796]0.794
0.3 0.69610.696|0.696}0.69710.000}0.700{0.69810.698
0.4 0.606{0.606{0.607[0.610}0.000/0.60710.6080.607
0.5 0.522]0.522(0.52310.530(0.000}0.52010.520}0.521
0.6 0.44210.44210.444{0.455]10.000}0.436]0.435(0.439
0.7 0.363]0.364(0.3670.381{0.000(0.350/0.350]0.360
0.8 0.28310.284(0.2890.304(0.000}0.2631{0.266]0.283
Table 10 Results of Double V-notches in a flat bar
7=60° , 11=0.5122214, A2=0.7309007
a _A')E,M /FI.ML.( ¢ ’A)Er,az/Fu‘.\zL..o
S8 o |15° {30° |45° | o° [15° |30° | 45°
2+ /D
—0 {1.000/1.000/1.000{1.000}/0.000}1.000[1.000]1.000
0.04 |0.958/0.958{0.958}0.959(0.000{0.957{0.960|0.959
0.1 0.89710.89710.896{0.897{0.000/0.897]0.897}0.896
0.2 0.793]0.794{0.794|0.795{0.000|0.795(0.795]0.794
0.3 0.696|0.697(0.697]0.706{0.000(0.698]0.696{0.700
0.4 0.607}0.607]0.610/0.629[0.000}0.604(0.603}0.614
0.5 0.522]0.523}0.528{0.558{0.000]0.512{0.513}0.536
0.6 0.441]0.443(0.452(0.488[0.000)0.420{0.426)0.463
0.7 0.362{0.365}0.377]/0.415|0.000{0.330/0.344}0.392
0.8 0.282]0.286]0.300/0.335[0.000(0.243{0.267]0.321
X W
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