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Abstract

Stress concentration of V-shaped notches in round and flat bars under various
loading is important especially for the test specimen used to investigate the
mechanical properties of materials. For notched bars, Neuber proposed simple
approximate formula K&P‘ useful for wide range of notch shape: 1/(K y -1)" =
UK, -1)™ +1/K, -1)" and m=2. Here, K, and K, are exact solutions for
shallow and deep notches, respectively. In this study, first, most suitable
exponent m is determined so as to minimize the difference between K and
accurate K, that is, the results of body force method. Next, by applying the
least squares method to the ratio K/K  more accurate formulae are proposcd.
The formulae proposed in this paper are found to give the stress concentration
factors with better than 1% accuracy.

1 Introduction

To evaluate stress concentration factors (SCFs) of notched bars as shown in
Fig. 1, Neuber proposed simple ingenious approximate formula K useful for
wide range of notch shape":

11 1
(Ky-17 (K, -1 (Ky-1)

and m=2. 1)

Here, K and K, are exact solutions for shallow and deep notches, respectively.
In our previous paper?, on the basis of the Neuber formula correction factors
were obtained by applying the least squares method to the ratio K/K where
K, is the results of body force method**. In addition, the stress concentration
factors are provided in a graphical way on the basis of the formulae so
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they can be used easily in design or research. In Neuber formula (1), however,
the exponent m was assumed to be 2 without any good reasons. In this paper,
first, the exponent of Neuber formula is considered so as to minimize the
difference between K, and accurate K, that is, the results of body force method.
Next, by applying the least squares method to the ratio K /K, more accurate
formula are proposed. The stress concentration factors can be given by using
these formula with less than 1% accuracy.

2 Definition of Stress Concentration Factors

In this paper, the stress concentration factors(SCFs) are based on the nominal
stress at the minimum diameter or width and defined in eqn(2).

Kt =0 max/on (2)

where 0, is the maximum stress at the root of V-shaped notches. The problems
treated in this paper are shown in Fig.1 with the definition of nominal net stress
o, for each problem. In Fig.1 d is a diameter or width of minimum section, h is
a plate thickness, P is the magnitude of external load, M is the magnitude of
external bending moment, and T is the magnitude ofexternal torsional moment.

In the problems of (a) and (b) Poisson's ratio v is assumed to be 0.3. In this
study the following notations will be used.

g =yilp, n ={p/t, A=2uD, £=2p[D 3)

where the parameters p, t, D, d are indicated in Fig.1.

Problem(a): Round bar under /[A\, A

tension [0, = 4P/(ntd?)]

> Y —
Problem(b): Round bar under > p D
R

bending [0, = 32M/(nd’)]
Problem(c): Round bar under

.
. 0 60"
torsion [T, = 16T/(nd?)] o0 L o=l o o0 P] _ g)
Problem(d): Flat bar under B - 2a
tension [ o, = P/dh] -+
N e~

Problem(e): Flat bar under

bending [0, = 6M/d?h] \‘/ K. \V

Figure 1: Round and flat bars with notchs,
Round bar: (a)tention;(b)bending;(c)torsion,
Flat bar: (d)tention;(e)bending
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3 Most Suitable Exponent m in Neuber Formulae

To estimate SCFs of notched bars, the Neuber method makes use of the two
exact solutions’, that is, the solution of elliptical hole in an infinite plate K, as
a shallow notch K and the solution of hyperbolic notch as a deep notch K.
From these values, the Neuber value K is given by the following ingenious
simple equation:

(K, ~1)(K, ~1)

KtN = B +1 (4)

(& -1+ &, -0

The stress concentration factors can be estimated from the solution of a V-shaped
notch in a semi-infinite plate K. The very accurate formulae for K, can be
obtained through applying the least squares method to the results of the body
force method®. They are shown in eqn (5) with less than 0.2 % estimated errors.

Here K,=1+2 / tp.

1)0sE<1.0
K, = (1.000 - 0.120& + 0.2683&" - 0.12735°) K,, (5a)

2)0<n=1.0 1.0=s&<x)
K, =(1.035+0.02617- 0.14517" + 0.08427°) Ky

(5b)
Ky = (1.121 ~0.28467 + 0.3397n% - 0.15447’ )K,,,

For notched bars, Neuber proposed equation (4) with exponent m=2.
However, in this study, most suitable exponent m is considered so as to minimize
the difference between K and accurate K, , which is the results of body force
method. As an example, in the case of round bar under tension, K/K y values
are plotted in Figure 2 with varying m in the range 2.2~3.2. In Fig. 2, m=2.8 is
found to be most suitable within =6% ecrror. In a similar way, the most

1.09 v 1.1

2 Results of Body
Force Method

Ki/KiNE

[FERERY RY ST
[ER=3--R- N &)

0.94— 0.95

0 0.5 2D 1.0 0 0.5 ap 10
Figure 2: Curves of K¢/Ky given by the Figure 3: Curves of K/K  given by the
approximate formulas of notch in round bar approximate formulas of notch in round

under tension with varying m (m=2.2~3.2). bar under tension (m=2.8) [0,=4P/(1d?)]
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suitable exponent m is obtained in cach problem. As a result, m=2.8 is also
found to be most suitable in other problems. Figures 3-7 shows K/K for wide
range of notch shape when most suitable m=2.8 is used. It is found that maximum
error is less than 5~7%.

4 Correction Factor K /K,

Modified Neuber formula (4) with m=2.8 has accuracy within 5~7% error.
However, to improve the accuracy more, the correction factor for K/K, for
each problems can be obtained by applying the least squares method. Thesc
obtained formulae are shown in equations (6)-(10). The curves given by the
obtained formula is shown in Figures 3-7. Figures 3-7 indicate that the proposed
formulae give SCFs with better than 1% accuracy. Table 1 show K,y and
correction factor for each problem. Stress concentration factors for problems
(a)-(e) are provided directly in a graphical way as shown in Figures 8-12 so
they can be used easily in design or research.

1.1 1.1

>: Results of Body 0.2 o: Results of Body 0.2
Force Method o 8%8 Force Method 4 gi5
o 3
K/Kn| ‘ ;ggg Kv/Kin 8
’ 0.
1.0 : 1.0
1.0
\ 0.7
637
_ 0.95 . :
09 0.5 21D 1.0 0.5 2t/D 1.0

Figure 4: Curves of K/K , given by the
approximate formulas of notch in round i
bar under bending (m=2.8) [0,=32M/(7d")]

Figure 5: Curves of K/K , given by the
approximate formulas of notch in roun(}
bar under torsion (m=2.8) [t =16T/(7d”)]

©: Results of Body ,0.05
Force Method

I °:Results of Body

Force Mcthod _-0.10

2t/D 1.0
by the
approximate formulas of notch in flat
bar under tension (m=2.8) [0 _=P/dh]

Figure 7: Curves of K/K , given by the
approximate formulas of notch in flat
bar under bending (m=2.8) [0, =6M/(d’h)]
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Problem (e)
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(
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Figure 8: Ky of notch round bar under tension

[on=4P/(n dz), P=magnitude of external load,

+(-66.207 +63.192¢ -19.221¢ 2) P

+(20.114 -18.493¢ + 5.480552) 26

(0.1=2p/D=1.0) (10) d=diameter of minimum section].
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Figure 9: K of notch round bar under bending Figure 10: K1 of notch round bar under torsion
[on =32M/(:rd2), P=magnitude of external load, [tn=16T/ ndl), P=magnitude of external load,
d=diameter of minimum section}. d=diameter of minimum section].
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Figure 11:K, of notch flat bar under tension Figure 12:K of notch flat bar under bending

[on=P/dh, P=magnitude of external load, [on =6M/(d2h), P=magnitude of external load,
d=diameter of minimum section]. d=diameter of minimum section].

Conclusions

The stress concentration of V-shaped notches in round and flat bars under
various loading is often encountered in mechanical design of shafts. It is also
important for test specimens used to investigate the fatigue strength of materials.
Accurate stress concentration factors (SCFs) have been given in a recent analysis
of the body force method. In this paper, approximate formulae that are suitable
for engineering applications are proposed. First, most suitable exponent m of
Neuber formula eqn (1) K, is determined so as to minimize the difference
between K, and accurate K, that is, the results of body force method. Next, by
applying the least squares method to the ratio K/K, more accurate formulae
are proposed. SCFs are also provided in a graphical way on the basis of the
formulae so they can be used easily in design or research.
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Table 1: K, and Correction Factor.

Kis Ku (ma)[é;:am Cor;g?ilzr:” Factor
error) (maximam error)
_1la F. v)& ’f’_
Problem K= Kﬂ—N{p p+1+(0'5+ )P+(l+v{ pH +1)} Eq"z(g) Eqn (6)
m=2.
@ B o) |y_a, [, (6% | (%)
p P
13 {a a a
- = 1+1{{3—~{1-2v)_ |— 4
Problem K=K K N4( 7 v ){ o ( V) p+l+ +V} Eq“z(%) Eqn (7)
(b) m=2.
(Eqn (5)) N=3(f-+1)+(1+4v) fz_+1 +(1+v)/(1+ £+1) ( S %) (1%)
P P v 14
Problem K, 1+JT K 3(1+,[a//7+1)2 Eqnz(‘g Eqn (8)
=177, = m=2.
© P 4" 41+24/alpH1) (6%) | (%)
Problem| Kis =Ko/ K, - 2a/p+1) Jafp sz(;) Eqn (9)
(d) | (Eqn (5) (aj p+itan™t Jajp+. fajp ( 7_%) %)
Problem| K=Ky K, da/px-falp Eqnz(g) Eqn (10)
= m=2.
© | (Eqn (5)) 3{Jazp+{afp-1tan~1 o] 7] Soyl am
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