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Convenient Stress Concentration Formula Useful for Any Shape of

Notch in a Round Test Specimen
(Torsion of a Round Bar Having a V-Shaped and Circular-Arc Notch)

Nao-Aki NODA*, Yasushi TAKASE and Yousuke ETOU

** Department of Mechanical Engineering, Kyushu Institute of Technology,
1-1 Sensui-cho, Tobata-ku Kitakyushu-shi, Fukuoka, 804-8550 Japan

In this work, stress concentration factors (SCFs) of a round bar with a circular-arc or V-
sharped notch K. are considered on the basis of exact solutions for special cases and accurate
numerical results. First, for the limiting cases of deep and shallow notches, the body force method
is used to calculate the SCFs ; then, the formulas are obtained as Kw and K. On the one hand, upon
comparison of K: and K. it is found that K: is nearly equal to Kuw if the notch is deep or blunt. On )
the other hand, if the notch is sharp or shallow, K. is mainly controlled by Kis and the notch depth.
The notch shape is classified into several groups according to the notch radius and notch depth ; then,
the least squares method is applied for calculation of K./Kw and K«/Kes. Finally, a set of convenient
formulas useful for any shape of notch in a round test specimen is proposed. The formulas yield SCFs
with less than 1% error for any shape of notch. The effect of notch opening angle on the SCF is also
considered for the limiting cases of deep and shallow notches.
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Fig.1 Round specimens with circular-arc and V-shaped notch.
(a)extremely blunt notch.
(b)ordinary notch.
(c)extremely sharp notch.
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Table 1 K,_,/K,E for various @ [ Ky =K, |p-o+ Kis "“‘Jﬁ‘i‘
t/p JHp ®=0 [0=40"|w=60|w=70|w=80"|w=90
0.05 0.224 |0.986 ]0.986 |0.986 |0.986 |0.986 |0.986
0.0625 0.25 0.986 |0.986 |0.986 |0.986 |0.986 |0.986
0.10 0.316 |0.984 |0.984 |0.984 |0.984 |0.984 |0.984
0.20 0.447 |[0.983 |0.983 |0.983 [0.983 |0.983 |0.983
0.25 0.5 0.984 |0.984 [0.984 |0.984 |0.984 |0.984
0.30 0.548 {0.984 |0.984 |0.984 (0.984 |0.984 |0.984
0.40 0.632 [0.987 |0.987 |0.987 |0.987 |0.987 |0.987
0.50 0.707 |0.988 |0.988 |0.988 |0.988 |0.988 |0.988
0.60 0.775 |0.990 |0.990 |0.990 |0.990 |0.990 |0.990
0.70 0.837 |0.993 |0.993 |0.993 |0.993 |0.993 |0.993
0.80 0.894 |0.996 |0.996 |0.996 |0.996 |0.996 |0.996
0.90 0.949 |0.997 {0.997 |0.997 |0.997 |0.997 {0.997
1.0 1.0 1.000 |1.000 }0.999 ]0.999 ]|0.997 |0.994
1.111 1.054 - - 1.002 - - -
1.25 1.118 - - 1.004 - - -
1.428 1.195 - - 1.007 - - -
1.666 1.291 - - 1.011 - - -
2 1.414 |1.022 |1.019 |1.014 |1.011 |1.005 |0.995
4 2 1.055 |1.043 |1.028 |1.018 [1.004 |0.985
8 2.828 |1.095 |1.064 |1.034 |1.014 {0.990 |0.960
16 4 1.138 |1.078 |1.029 {0.998 |0.961 |0.919
36 6 1,186 |1.082 [1.008 |0.962 |0.912 |0.857
64 8 1.214 |1.077 }0.983 |0.928 |0.870 |0.806
100 10 1.236 |1.068 |0.964 |0.899 |0.834 |0.764
225 15 1.269 |1.044 |0.919 |0.840 ]|0.768 |0.688
400 20 1.286 {1.022 |0.905 |0.795 |0.719 |0.619
900 30 - - 0.821 - - -
1600 40 - - 0.780 - - -
2500 50 - - 0.753 - - -
0 0.705
Table 2 Convergence of K.
t/p =64 t/p =1600
M 1\{{2 w=90 M M2 w =60
64 400 |7.2520| 30 (1500 |31.8686
68 432 |7.2522| 31 | 1550 (31.8728
72 464 |7.2524| 32 [1600(31.8764
76 496 |7.2525| 33 | 1650 |31.8797
—> (68-64)17,2556| > (31-30)]31.9976
— % (72-68)|7.2552| = *(32-31)[31.9905
— 00 (76-72)}7.2547] > (33-32)]31.9803
K, 9 K, 41
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Fig.2 Ki/Kg vs Jo/7 for (a)torsion and (b)tennsion.
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Table 3 Convergence of K, when o =60 under torsion.

a/p=1.0|a/p=1.0}a/p=1.0
M, M, |2t/D=0.7|2t/D=0.8]{2t/D=0.9
10 30 1.14779 | 1.14795 | 1.14798

15 45 1.14786 1.14802 1.14806
20 60 1.14789 1.14804 1.14809

—© (15-10)| 1.,14801 | 1.14817 | 1.14822
— o0 (20-15)| 1.14796 | 1.14812 | 1.14817

K, 1.142 1.142 1.142

Table 4 K,/K,H when 2r/D—+10 and @ =60 under torsion.

alp p/a |2yp=0.7|2vD=0.8|2vD=0.9|20/D>1.0
0.000 |0.000 0 1.000 |1.000 |1.000 | 1.000
0.100 |0.100 |10.00 |1.000 |1.000 [1.001 | 1.001
0.200 |0.200 [5.000 |1.000 |1.000 {1.000 | 1.000
0.300 |0.300 |3.333 [1.001 |1.001 |.1.001 |1.001
0.400 |0.400 |2.500 |1.001 |1.001 |1.001 | 1.001
0.500 {0.500 |2.000 |1.002 |1.002 |1.002 |1.002
0.600 [0.600 |1.667 |1.003 [1.003 |1.003 | 1.003
0.700 |0.700 |1.429 |1.004 |1.004 |1.004 |1.004
0.800 |0.800 |1.250 |1.004 [1.004 |1.004 | 1.004
0.900 |0.900 |1.111 |1.005 |1.005 |1.004 | 1.004
1.000 |1.000 1.000 |1.005 |1.005 [1.005 |1.005
1.000 {1.000 f1.000 |1.,005 |1.005 |1.005 | 1,005
1.100 |1.111 {0,900 |1,007 |1.007 |1.007 | 1.007
1.200 |1.250 |0.800 |1.007 |1.008 |1.008 | 1.008
1.300 |1.429 {0.700 |1.009 |1.009 |1.009 | 1.009
1.400 |1.667 [0.600 |1.011 |1.011 }1.011 | 1.011
1.500 }2.000 [(0.500 |1.014 |1.014 |1.014 |1.014
1.600 |2.500 ]0.400 |1.017 J1.017 |1.018 | 1.018
1.700 13.333 |0.300 |1.022 [1.023 |1.024 |1.024
1.800 |5.000 [0.200 |1.030 |1.031 1.031
1.900 |10.00 [0.100 |1.042 1.042
2.000 0 0.000 1.052

Rtz w =60 TDK,[K, DE#E26/D=0.7~091Z DT
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KD, REWTT. K3RIXRSDERERRLELDTH
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Table 5 K,/K,H for various  when 2¢/D— 1.0 under torsion.

x alp Pla |w=0 |0=60|w=90
0.000 | 0.000 © 1.000 {1.000 |1.000
0.100 |0.100 |10.00 |1.001 |1.001 |1.001
0.200 |0.200 [5.000 |1.000 |1.000 |1.000
0.300 |0.300 |3.333 [1.001 {1,001 |1.001
0.400 | 0.400 |2.500 {1,001 [1.001 |1.001
0.500 |0.500 |2.,000 |1.,002 |1.002 |1.002
0.600 | 0.600 |1.667 |1.,003 |1.003 |1.003
0,700 {0.700 |1.429 |1.004 [1.004 |1.004
0.800 | 0.800 |1.250 {1.004 [1.004 |1.004
0.900 |0,900 |1,111 |1.005 |1.004 |1.005
1.000 {1.000 [1.000 |1,005 |1.005 {1.005
1,000 [1.000 [1.000 |1.005 |1.005 {1.005
1,100 [1.111 [0.900 {1.007 |1.007 |1.006
1.200 | 1.250 |0.800 1,008 [1.008 |1.007
1.300 | 1.429 |0.,700 [1.009 [1.009 |1.008
1.400 [1.667 [0.600 |1.011 |1.011 [1.010
1,500 (2.000 [0.500 |1.014 |1.014 |1.011
1,600 (2,500 [0.400 {1,018 |1.018 (1.014
1,700 |3.333 [0.300 |1.027 |1.024 |1.017
1.800 [5.000 [0.,200 |1.040 |1.031 |[1.017
1,900 [10.00 [0.100 |1.081 |1.042 [1.018
2,000 © 0.000 [1.090 |1.052 |1.019
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Fig.3 K,d/K,H VS. a/p or p/a under torsion.
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Fig.4 K,/K; vs.2t/Dfor (a)lorsion and (b)tension.
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Fig.6 K,/K,d vs. a/p or p/a tor (a)torsion and (b)tension.
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- (1.b)
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(1) 0<x=1.95

K,/ Ky =0.99999 - 0.0026822x + 0.0053295x* — 0.0016953x*
+(0.0026579 - 0.32756x + 0.031522x> - 0.081859x" )\
+(~0.0076275 + 6.1229x - 4.8157x" + 2.3235x" )\’
+(-0.23987 - 30.899x + 30.141x" - 12.484x )\
+(1.0501 + 63.622x - 66.952x + 26.072x*)\*

+(~1.4274 - 57.780x + 63.046x" - 23.742x° )\’
+(0.62212 +19.268x - 21.460x* + 7.9153x°)A°

(2) 1.95 <x=1.99

K,/ K, =1.0025 - 0.0093115A — 0.0058186A° + 0.025526A°
+(~1.1232 +0.77408A +0.76457A° —1.5432A°)A
+(10.849 —5.3371A - 6.5696 A +12.729A*) A’
+(~38.451 + 23.186A + 9.7978A% - 98.794A*)\
+(63.849 - 53.490A +9.3650 A? + 285.633A*)\*
+(~50.412 + 56.6784 - 27.335A7 - 328.9034°)N’
+(15.286 - 21.788A +13.972A% +130.778A%) A°

A =10(x -1.95)

(3)1.99 <x =20

K,/ K, =0.99192 +0.00011120 B + 0.0033482B> + 0.0013571B°

+(~0.18992 +0.41943B - 0.32590B* - 0.54245B%)\
+(1.5804 - 5.6709 B +1.6900B* + 5.3873B%) \?
+(=4.6494 + 21.058B - 4.1818 B> - 19.802 B*)\’
+(5.5040 - 28.913B +4.0856 B + 27.079B°)\*
+(-2.2419 +13.113B - 1.2682B% -12.130 B*)A°
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