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be summarized as follows,

obtained as K.q and K.

caleulation of K/ Ky and K, /K.

Nomenclature

a Length of minimum section

D Length of maximum section

| t  Depth of fillet
K;  Stress concentration factor (SCF) based on minimum

1 section shown in Fig. la, &, ¢ (K, = O /0, in ten-

; sion: o, = P /2a, P = tensile load; in bending: o, =
&M /(2a)*, M = bending moment)

Ky Exact solution for SCF of deep fillet when 2¢ /D — 1.0

K SCF of ag elliptical hole in an infinite plate under uni-
form I¢nsftl1;|. when lower rim of hole is also subjected
to traction ois=1 + /1/p)

Ky SCF of hyperboloidal notch

Ky Exact solution for SCF of shallow fillet when 2t /D —

0

x=afp, whenafp=<10; x =2 p/a, when pfa <

Lo

= plT

Relative fillet depth =2t /D

Poisson's ratio (=0.3)

= Ji7p

Root radius of fillet

e

= e
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ABSTRACT: In this work stress concentration factors K, for a flat bar with fillets are considered an the basis of exact solulions now available for
special cases and accurate numerical results, Then, a convenient K, formula useful for any dimensions of the fillet is proposed. The conclusions can

1. For the limiting cases of deep (d) and shallow (s} fillets, the body force method is used 1o calculate the K, values. Then, the formulas are
2. On the one hand, upon comparison of K; and K., it is found that K, is nearly equal to K if the fillet is decp or blunt.

3. On the other hand, if the fillet is sharp or shallow, K, is contrelled mainly by K, and the fillet depth.

4. The fillet shape is classified into several groups according to the fillet radius and fillet depth. Then, the least-squares method is applied for

5. Finally, convenient formulas are proposed that are useful for any dimensions of fillet in a flat bar. The formulas give SCFs with less than about
1% error in most cases for any dimensions of fillet under tension and bending,

KEYWORDS: stress concentration factor, shoulder fillet, flat bar, test specimen, tension, bending, body force method

Introduction

Several formulas have been proposed on the basis of the stress
concentration analysis of notches [1-3]. Stress concentration anal-
ysis of shoulder fillets is, however, one of the most important prob-
lems in the design of high-performance structures where bath light
weight and high strength are desirable. Also, it is important for
designing test specimens for tension test and fatigue experiments.
Usually, analysis of fillets is more difficult than analysis of notches
because the position where the maximum stress appears changes
depending on the dimensions of the shoulder fillets. In our previous
studies [4,5], accurate stress concentration factors were given using
analysis by the body force method. The accuracy is estimated to be
within 1 % in the range of 0.03 < 2p/D = 1.0. Then, the results
have shown that Peterson’s stress concentration factors [6] have a
nonconservative error of about 10 % for a wide geometrical range
of fillets. However, accurate SCFs were not given in the form of
formulas suitable for engineering applications,

Instead, for notched bars, Neuber proposed a simple ingenious
approximate formula Ky useful for a wide range of notch shapes
[7]. In the preceding paper, therefore, for the problem of shoul-
der fillets, similar equations were also proposed as an extension of
Neuber's formula. Then, more accurate formulas were proposed [8]
using the results of the body force method and correcting Neuber's
values, However, the formulas are useful for only a certain range
of fillet dimensions because of the restrictions of the body force
method application [4,5]. Generally, there is no numerical method
that is effective for analyzing any shape of notch with less than 1 %
error. In other words, it is difficult to obtain accurate stress con-
centration factors when the notch root radius is extremely large or
extremely small. Therefore, in the preceding study [9], K, values

Copyright & 2004 by ASTM International, 100 Barr Harbor Drive, PO Box CT00, West Conshohecken, PA, 19428-2959, 217
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FIG. 1—Flar specimens with a circular-are or a Veshaped filler. fa) Ex-
tremely blunt fillet. (b) Ordinary filler. (¢} Exremely sharp fillet.

(o€ at

for any dimensions of the notch were given using the exact solutions
for special cases and accurate numerical results.

In a similar way, in this study, first, K; of a flat bar with fillets
will be considered for limiting cases of deep and shallow fillets,
Ky and K. Second, it will be shown that if the fillet is sharp or
shallow, K, is controlled mainly by Ky, with the depth of the shoulder
fillet, Third, upon comparison of K, and K4 it will be found that
K, is nearly equal to Ky if the fillet is deep or Blunt. Fourth, the
fillet shape will be classified into several groups according to the
fillet radivs and fillet depth. Finally, a set of convenient formulas
useful for any shape of fillet will be proposed by applying the least-
squares method foreach group. The set of formulas yields SCFs with
less than 1 % error in most cascs. Note that the previous formulas
[5,8] can be applied only within the range of 0.03 = 2p/D < 1.0.
However, the present formulas can be applied to any dimensions of
fillet.

Stress Concentration Factors of Sharp or Shallow Fillets

Consider the stress concentration factor K, of a fillet as shown in
Fig. lc. In this case the SCF of the sharp fillet is controlled mainly
by the SCF of a fillet in a semi-infinite plate K, having the same
shape ratio t / p. The ratio K/ K. is shown in Fig. 2 where the line for

(a) tension

afpeb. 01 plamsb)
Kl"'l
0.8
1 e
0.4
plasp.i
T 0.k
i -y
=0.1
0.2 Lt 1)
— L8]
s === BFA
[} n.2 0.4 0.8 0.8 1
ein

pfa — 0 is obtained from results when g/a is small; for example,
pfa = 0.1, (.03, confirming that the two results are in agreemey
to the third digit. As shown in Fig. 2, the value of K\/Ky is in
NAITOW range in tension compared with that in bending. That means
the X approximation is better in tension than in bending. In Fig.2,
we can see that:

1. In sharp fllets (pfa < 0.1), the value of &,/K; is determineg
by 2t/D alone, The value of K can be obtained from &,
in the following range depending on the loading conditions:
() tension: pfa Z0.1, 2r/D Z0.9; (b) bending: pfa =0.],
/D 209

2. In shallow fillets (2t/D = 0.02), the value of K\/K\s is con.
trolled by 2¢/D for a wide range of afp values. {a) ten.
sion: The value of K,/Ky is determined by 2r / I} alone when
a/p = 0.01. (b) bending: The value of K/ K. is within a smal]
range, whena/p =001,

3, The stress concentration factor of blunt and shallow fillets
{2t/ D Z0.02) will be considered in the next section but can be
estimated as follows: (a) tension: a/p =0.01, K, = (1.000 ~
1.005); (b) bending: a/p =Z0.01, K, = (1.000 ~ 1.008).

Stress Concentration Factors of Blunt and Deep Fillets

Here, the SCF is considered for blunt and deep fillets. The SCF
of a decp hyperboloidal notch Ky [7] can be used as a good ap-
proximate formula, The deep fillet (2r/D 2 0.7) can be estimated
as an infinitely deep fillet as shown in Fig. 3. Table 1 gives ratios
Ko/ Kgs when 20/ D =0.7, 0.8, 0.9,

With increasing fillet depth, K,/ Ky approaches limiting values.
Thatis,as 2r/D = 1.0, K,/ Ky — (0.910 ~ 1.000) in tension and
K,/Ky — (0.842 ~ 1.000) in bending. The ratio K/ Kqy; does not
approach unity because of the difference of the shape—shoulder
fillet and hyperboloid. The Table 1 the limiting values of Ky/Ky
are obtained using the convergence of K,/ Kg when 2r/D — 10,
The approximate formulas for a deep fillet can be expressed asa
funetion of the parameter x of Table 1 by applying the least-squares
method to the results given in Table 1. The K,/Ky value when
a/p — oo is cbtained using extrapolation with corresponding good
accuracy; for example, an extrapolated value from a/p = 3.333 10
5, and another extrapolated value from a/p = 5 to 10 coincide with
each other to the third digit in some cases.

{b) bending

afp=0.01] assn)

FIG. 2—K, /Ky versus 2t/ 1 (a) Tension. (b) Bending.
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FIG. 3—K, = Ky when /D 20.7.
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TABLE 1—K, /Ky when 20/ 0 — 1.0 {a) Tension (b} Bending.

x afp pla u/D=07 A/D=08 2/D=09 24/D—10
{a} Tension

0o 0000 oo 1000
0000 0,100 10.00 0.991 0.991 0991 0.991
0300 0.200 5.000 0.984 0.5983 0983 0982
0300 0300 3333 0.980 0.978 0976 0974
0400 0,400 2,500 0.981 0.977 0.973 0971
0500 0.500 2.000 0982 0.978 0.5973 0.968
05600 0.600 1.667 0.984 0.979 0.974 0969
0700 0700 1.429 0.984 0.981 0.975 0.969
0500 0800 1.250 0.985 0.982 0577 0.973
0500 0.900 1111 0984 0.983 0.979 0.973
1000 1.000 1.000 0.984 0.984 0.980 0.976
1000 1000 1000 0.984 0.984 0.980 0.976
L100 1111 0.900 0.983 0934 0.982 0.982
1200 1.250 0.800 0981 0933 0.983 0.983
1300 1429 0.700 0978 0932 0.983 0.984
1400 1.667 0.600 0.973 0.980 0.983 0.986
L300 2.000 0,500 0.966 0.976 0.981 0.986
1600 2.500 0.400 0.955 0.968 0.976 0.984
1700 3333 0300 0.939 0.953 0.968 0.979
LEQO 5.000 0200 0511 0.933 0.951 (0.969)
1850 6.667 0.150 0892 0915 (0.961)
1900 10,00 0.100 0.863 0,890 (0.942)
000 oo 0000 (0.910)
(b) Bending

0000 0000 oo 1.000
0500 0100 10,00 0.993 0.993 0.993 0.993
0.200 0200 5.000 0.983 0.983 0,985 0.987
0.300 0.300 3333 0.932 (.982 0.933 0,984
0.400 0,400 2.500 0.977 0.977 0.930 0983
0500 0.500 2.000 0973 0973 0.976 0.979
0600 0.600 1.667 0.968 968 0572 0974
0700 0,700 1429 0.967 0.967 0.967 0967
D800 D800 1.250 0.9461 0961 0.961 0.961
0900 0900 1.111 0.958 0958 0.958 0.958
1600 1.000 1.000 0.957 0.957 0.957 0957
1000 1.000 1.000 0.957 0.957 0957 0957
1100 1111 0.900 0.952 0.952 0.951 0.951
1200 1.250 0.200 0,948 0.944 0.547 0.947
1300 1.429 0.700 0.945 0944 0.943 0.942
1400 1667 0.600  0.941 0.938 0,938 0.938
1500 2.000 0.500 0.933 0.932 0932 0.932
!.ﬁm 2,500 0.400 0.925 0.924 0924 0.924
1700 3.333 0.300 0914 093 0913 0.913
LBOD 5.000 0.200 0.897 0,596 0.898 (0.898)
L850 6.667 0.150 0.5884 0.886 (0.888)
1900 10.00 0.100 0.867 0.869 (08700
000 oo 0.000 (0.842)

Using the Ky formula, the ratio K,/ K\s is shown in Fig. 4. The
K4 approximation is better in bending than in tension as shown in
Fig. 4. From Fig. 4, the K4 approximation is useful in the following
range.

(a) Tension:

L2t/ =09, 102 a/p = oco; 0971 2K,/ Ky = 1.000
2ZO0TER/DE10,0Z2a/p 210, 09192 K /Ky Z1.022
3.002=22/D=07,02a/p=03 09302 K/Ky=1.016
() Bending:

1.2t/DZ09,10=a/p = o) 0.996 = K,/ K\« = 1.000
204=2/D=10,0Zafp =10, 0.961 2K /Ky =1.017
LOMEA/DE04,05a/p 206 0.936 2 K, /Ky 2 1.000

Stress Concentration Factors of Other Fillets

Here, the stress concentration factor K, is considered for the
remaining region: for tension 0.1 = p/e =3.3,002=2/D =0.7;
forbending 0.1 = p/fa = 1.67,0.02 2 2t/ D =0.4). Inthis region, as
shown in Fig. 2 the value of K,/K, is determined by 2t/ D and ex-
ists in a narrow range. Figure 5 shows (K /Ku)/ K/ Kuloja=125
in tension and (K,/Ku)/[K,/Kslpe=os in bending. They are
useful in the following range: (2) tension: 0.1 = p/a 3.3, 0,02 =
2/D =0.7; 098 Z (K /Ke) Ky Kulpra=1.26) = 1.07. (b} bend-
ing: 0.1 =p/fa=1.67,0.02 =21/ D =0.4; 0.95 = (K, /Ke)/([K/
Kls.lp,l’a—ﬁéj =1.05.

A Set of SCF Formulas Useful for any Dimensions of Fillet

From the above discussion, any shape of fillet can be classified
into one of the groups shown in Fig. 6. Then, the least-squares
method is applied to each region shown in Fig. 6, Finally, a set of
accurate formulas for the whole range of fillet shapes is obtained.
The results are as follows:

SCF of Filler in a Semi-Infinite Plate K,

The limiting SCF of a shallow fillet K; — K in Fig. 1 when
a, [} = oo, The K, formula can be expressed in Bq 1 which was
proposed in Refs 5,8;

KufKLE

= 1.000 + 0.159& — 01276 + 0.0508) (DEEZS1) (la)
Kls.‘rK:E

= 1.106 + 0.016n = 0.059n +0.0190° (O=nZ1)} (1)
E=tjpn= o/t Ke=1+1/p (lc)

SCF of Sharp or Shallow Fillet K,

Tension—Region | in Fig. 6a: pfa 0.1 and 2¢/D 209, or
a/p20.01 and 2¢/D £0.02. The SCF for a sharp or a shallow
fillet in tension can be expressed by Eq 2. The value of Eq 2 is
shown in Fig. Ta:

K /Ky = 0.99902 — 0.028181A — 1187227 4 102.26)°
—435.323% 4 1007.30° = 1293.82° + 866,037
— 235,600 (2)

Bending—Region 1 in Fig. 6b: pfa Z0.1 and 2t/D =09, or
af/pZ0.01 and 2¢ /D = 0.02. The SCF for a sharp fillet in bending
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(b) bending
1.1 ——
Kt/KM
1
0.9
0.8
0.7
0.
—— Ref([5)
~=--BFM
0.5
0 0.5 2
L 1 1
0.0 0.5 ©
L 1 1
o) 2,0 0.0

FIG. 4—K /Ky versus a/p or pja (a) Tension. (b) Bending.

(a) tension
K /xl.l
13 “1
0.9
0.8}
0.7 3
=0
% 2t/D=0.4
0.6 1.0 1 =0.3
0 5 -’ .0'2
: Y =0,1
0.4} — Ref[s] . =_=o.os
L =0.02
~-~-=- DBFN |
0.3 -
0 0.5 1 x 1.5 2
L 1 1 1 ]
0;0 0.5 1;0 a/ep 2.0 <}o
0 2.0 1.0 psa 0.5 0.0
(a) tension
[K¢; Ktn]ﬂl-l.u
1.15
a/p=0.3
=0.4
1.1 =0.6
=0.8
=1.0
1.05
1
0.95
0.9
0.85

0.4 0.6

0. ’
&t

(b) bending

1.6

i3 ts
[Kllxtl]ﬂl".l

1.4

1.2

0.6

0 0.2 0.4 0.6 0.8

2‘(‘./Dl

FIG. 5—(Ki/ Ku)/([Kt/Kis)ojam1.25), (Kof Ke)/((K o/ Kislyamas) versus 20/ D. (a) Tension. (b} Bending.

can be expressed by Eq 3. The value of Eq 3 is shown in Fig. 7b.

Ki/Kis = 1.0197 - 2.0185A + 10.241A% — 52.694)3
+ 159.980* — 286.24\° + 297.61A°
—166.3377 + 38.533A% (3)

SCF of Blunt and Shallow Fillet (K,)
Tension—Region 6 in Fig. 6a; a/p £0.01 and 2/ D = 0.02

K = 1.002 )

Bending—Region 6 in Fig, 6b: a/p Z0.01 and 2t/D £ 0.02
K, =1.004 &)}

SCF of a Deep Fillet K4 as Shown in Fig. 5b

The limiting SCF of a deep fillet K, — K4 when ¢ — oco. The
K4 formula can be expressed in Eqs 6 and 7. Figure 8 shows the
values of Eqs 6 and 7 from the results of the body force method:

Tension—

Kig/Kat = 0.99841 — 0.081553x + 0.010983x>

+0.091256x% — 0.043397x* (6a)
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(a) tension

Re 6
x ajp Pla
0.00-7=0,00—T %
0.01~=0.01—1-100
Re 4
0,3~ 0.3 =1—3.3
Re 3
Re 5
1.9-4— 10 ——0.1
Re 1 Re 2
2.0-= oo ~=0,0 -—4 = + i~
0.00.02 2¢/D 7 0.5 1.0

Region 1 Sharp or shallow fillet
Region2 Sharp and deep fillet
Region3 Deep fillet

Regiond  Blunt fillet

Region S Ordinary fillet

Region 6 Blunt and shallow fillet

FIG. 6a—Classification of fillet shape in a flat bar under tension.

(b) bending
= ajp Ppa Re 6
0.00=T0.00 T %
0.01—0.01=100
Re 4
0.6 0.6 —1.7] Re 3
Re 5
1.9-4—10 —=0.1-% N
Re 1 \\\ Re 2
2.0 @ =00 0n 02 0.4 2¢/p  °? 1.0

Region 1 Sharp or shallow fillet
Region2 Sharp and deep fillet
Region 3 Deep fillet

Regiond  Blunt filler

Region5 Ordinary fillet

Region 6 Shallow fillet

Region 7 Blunt and shallow fillet

FIG. 6b—Classificarion of fillet shape in flat bar under bending.
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where
Kot = afp + Dfafp (6b)
7 (afp+ Dtan~' Jafp + AP
Bending—
Ko/ Ky = 0.99618 — 0.0013640x — 0.13691x*
+0.14372¢* — 0.046969" (7a)
dafp x Jafp
K= = b
"7 3 Jaje + (ajp — Dan~'Ja]p) @)
SCF of a Sharp and a Deep Fillet, K,
Tension—Region 2 in Fig. 6a: p/a =0.1and 2t/ D = 0.9
K./ Kqg = Eqgs3 = 0986 (%)
Bending—Region 2 in Fig. 6b: pfa £0.1and2t/D Z0.9
K/ Ky =Eqs 3 x 0.998 (9)
SCF aof Deep Filler K,

Tension—Region 3 in Fig. 6a: 2/DZ07 and afp=
10(0 £ x = 1.9). The SCF of a deep fillet can be expressed by Eq 10.
Figure 9a shows the value of Eq 10:

KKy = —0.31350 + 4.8845A — 6.02100% 4 2.450007
(15,696 — 57.427A + 69.681A% — 27.950A)x
+(—16.126 + 58,8837 — T1.191A% + 2843307 )"
+(4.3528 - 15.969% + 19.2950% — 76783071 (10)

Bending—Region 3 in Fig. 6b: 2t/DZ0.4 and a/p = 10(0 =
1 Z1.9). The SCF of a deep fillet can be expressed by Eq 11.
Figure 9b shows the values of Eq 11:

Ky Ky = D.04669493 + 9.7181784 — 40.2593047 + 86.85160A
— 102.9267A% + 63.54189%° — 15.97227A°
+ (2238870 — 219.7406A ++ B77.20320° — 1823.7274°
420832850 — 1240.427A% + 301.0174A%)x
+(—64.65332 + 627.4616A — 2479,6007
+5110.6957" — ST08.3014% + 3435.8430°
—831.4363A%)x% + (5586063 — 538.9289%
£ 21211007 — 4358 48207 4 4933.1917°
— 20176050 + 704955208 + (—14.93828
+ 1434999 — 563,4847A + 1156.1950°
13071700 + 77224620 — 186348305t (11)

SCF of Blunt Filler K,

Tension—Region 4 in Fig. 6a: a/p=03(0=x=0.3) and
0.02=2:/D =04, The SCF of a blunt fillet in tension can be ex-
pressed by Eq 12, Figure 10a shows the value of Eq 12:

KoKy = 1.0026 — 0.0382767 + 0.17613A7 — 0.25762°
+0.032396A" + 0.114534°

+(—0.052012 + 4.0544) — 35.308)° + 111.630F

— 151.03A% + 74.3310%x

+(—2.1823 + 20.748A — 28 42827 — 79,6617

+209.11A% — 127.413%)x°

+(4.3447 — 63,3937 4 242 67A? — 380.491°

+272.07A% — 7458007 )% (12)
Bending—Region 4 in Fig. 6b; a/p=06(0=x=0.6) and

0.02=22t/0 204, The SCF of a blunt fillet in bending can be
expressed by Eq 13. Figure 104 shows the values of Eq 13:

Ko/ K = 0.99733 4 0.075203) — 0.658627
+2.1384A% — 2.2928)\* 4 (0.21790 — 5.89532
+ 44,1630 — 1319807 + 136683 )x -+ (—1.0526
+721.568A — 1422107 4 392,641 — 38888117
+ (0.69399 — 10.748) + 54.0291’?1 18.250
+ 1011834} (13

SCF of Other Fillet

Tension—Region 5 in Fig. 6a: 0.1 =p/a 2333 (032x219)
and 0.02 = 2¢/1 £0.7. The SCF of other fillets in tension can be
expressed by Eq 14a. Figure 1la shows the value of Eq 14. The
value of Eq 14k is shown in Fig. 9a.

KifKs

= [1.0029 — 0.015487(p/a) + 0.023469(p/a)’
—0.01483(p/a)’® + 0.0041529(p/a)* — 0.00042528(p/a)’
+ (00060789 + 0.43d38(p/a) — 0.94447(pfa)*
+0.71668(p/a)y — 0.2256T(p/a)* + 0.025260(pja)’)A
+(D.067368 — 2.0877(p/a) + 4.6167(p/a)’
- 3.6814(p/a) + 1.2153(p/a)’ — 0.14134(p/a)*)\*
+(—0.17844 + 2.0824(p/a) — 4.6746(p/a)’*
+3.9000(p/a) — 1.3342(p/a)* + 0.15964(p/a) I’}

% ([Kyf Kislajam1.25) (14a)
[K /K)ot zs = 0.9999]1 — 0.54893% — 0.97945A
+12.25537 — 69872 + 205.880°
—325.46X° + 260.71A7 — 82.979x°  (14b)

Bending—Region 5 in Fig. 6b: 0.1 = pja = 1.67(065x =z
1.9) and 0.02=2¢/D = 0.4. The SCF of other fillets in bending
can be expressed by Eq 15. Figure 11a shows the values of Eq 132
The value of Eq 15k is shown in Fig. 9b:

KK\ = (0.99487 + 0.084386(p/a) — 0.54684(p/a)’
+1.5772(pfa)’ — 2.1768(p/a)* + 1.3981(p/a)’
—0.33129(p/a)® +-(=0.30923 + 0.48523(p/a)
+6.7080(p/a)’ —27.377(p/a)’ +41.194(p/a}’
—27.573(p/ay + 6.7330(p/a)")A + (12707
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— 10.823(p/a) + 12.352(p/a)® +42.601(p/a)’
—109.27(p/a) + 88.725(p/a)" — 23.921(p/a)f)A?
+(—1.8099 + 20.357(p/a) — 47.047(p/a)’
+5.7878(p/a)’ + 83.638(p/a)’

— 88.070(p/a)’ +26.131(p/a)" 1A%

b {[Kl.lfxls]pfaﬂ.ﬁ-) (13a)

[Ke/Kislo_q g = 0.9945 — 0.7686x — 2.7356x° + 15.132c°

—34.305x* + 35.826x° — 14.109x® (15b)

As stated above, the set of formulas given by Egs 1 to 15 give
accyrate stress concentration factors K forthe whole range of fillets.

SCF of Any Dimensions of Fillet

By fitting smooth curves to Eqs 1-15, a convenient formula can
e proposed. Here, to improve the accuracy, other approximate for-
mulas are used. Also, the body force method is applied again to
confirm accurate K, values when some differences are observed
between the equations. First, the modified Neuber formula K§, for
fillets is expressed by [7]

K3y = [(Ks — DK — DJIKS = D" + (K= D"} 41

Tension: m = 1.6, Bending: m = 1.4 (16}
The error of equation (16) is estimated within about within 4 % for
tension and & % for bending [8]. Then, the least-squares method
is applied w0 K,/ K3, where K, is the value of Eqs 1-15. Figure 12
and Eq 17a and 17h express correction factors for Ki/K 3. The
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formulas give SCFs within about 1 % error in most cases for any + (—2.2499 4 99393y — 4 60042740
dimensions of fillet.
Tension (0 <x <200 (0.0T =A< L.0) +(0.75284 — 3.7040x + 1.7068xA°  (174)

K/ K = (1.0001 4 0.0010812x — 0.00060452x%)
+(0.25406 — 0.27860x 4 0.15750x*)A
+(—1.2949 + 3.5075x — 1.6332c%)A?
+(2.5378 — 9.4620x + 4.3688x 1)

(D=A=0.07
Ki/Kpn =10
Bending (0<A<1.0,0=x<2.0)
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{a) tension (b} bending
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FIG. 12—K, /K }; versus 2t/ D (a) Tension. (b} Bending.

K. /Ky = (1.0067 + 0.0518x — 0.0631x2 + 0.0207x3)
+(—0.2108 + 0.7798x — 0.5783x% + 0.2616x%)A
+(1.2819 — 8.4349x + 10.292x2 — 3.81x3) A
+(—3.8272 + 34.309x — 46.515x% + 16.592x*)A°
+(6.0506 — 64.639x + 87.726x? — 30.427x*)2*
+(—4.8293 + 57.266x — 75.322x% + 25.406x%)2°

+(1.5283 — 19.334x + 24.462x% — 8.0434x%)2° (17h)

Figure 13 shows SCF charts obtained from these equations.

Conclusions

In this paper, stress concentration formulas K, of a flat bar
with fillets under tension and bending are conmsidered on the
basis of the exact solutions now available for the limiting
cases together with accurate numerical results obtained by the
bady force method, The conclusions can be summanzed as fol-
lowws:

1. For the limiting cases of deep and shallow fillets, the body
force method was used to calculate the stress concentration
factors (SCFs). Then, the formulas for deep (d) and shallow
(s) fillets were obtained as Ky and K, values.

2. On the cne hand, upon comparison of K and Ky, it was
found that K, is nearly equal to K if the fillet is deep or
blunt.

3. On the other hand, if the fillet is sharp or shallow, K, is con-
trolled mainly by K and the fillet depth.
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4. The fillet shape can be classified into several groups according
to the fillet radius and fillet depth. The leasi-squares method
can be applied for the caleulation of K,/ Ky and K,/K,.

5. Finally, convenient formulas are proposed that are useful for
any dimensions of fillet in a flat bar. The formulas give SCFs
with less than about 1 % error in most cases for any dimensions
of fillet under tension and bending.
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