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Error in Stress Concentration Factors Currently Used for Tension and Bending of
Stepped Round Bar with Fillet

NEOMEF, S FE*2 WUT OHATS, FE O EE
(Kazuhiro ODA)  (Yasuyuki TAKAHATA)  (Arata YAMASHITA)  (Nao-Aki NODA)

Abstract

The stress concentration factor (SCF) of a stepped round bar with fillets is fundamental in machine design and SCF
diagrams are included in many textbooks and handbooks on mechanics of materials and machine design. Among them,
Peterson's handbook, for example, is continuously used around the world. Noda et al. analyzed such stepped round bar
under tension and bending accurately by using the body force method and proposed a calculation formula for the entire
range of geometries. However, the above textbooks and handbooks still indicate different stress concentration diagrams
throughout. Therefore, in this study, for the entire range of fillet shape dimensions including the range of very small fillet
radius, Peterson's results are compared with Noda and Takase's results to clarify the error. As a result, Peterson's stress
concentration factor is found to have an error of up to 25% in tension and up to 15% in bending. The errors of stress

concentration factors in other books are also discussed.
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Fig.1 Stepped round bar with fillet with the definition of stress concentration factors K, based

on the nominal stress at the minimum section o,,;
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ThDH. TOHFTIE, JISHK THE SN TV DIEDER 20T U o 7 1973 EOEREL ORI TOEE M
O, 74 Ly MERpE RELSTHIENTERWEENZ . ZTO7D, +07k7 4 by MR p &
R T D ENTERWEELEL, TOXIRGAEICIE, RERISITEFDRET S, 20D, p H/h
SWEIPH O EFEOSCHER VWS HE PR OEEIC L - T, THERMHRICBAE L EXLND.
BHOIE, B1OMEICONT, BEINEICL > TRESIED, AEiIFOAREMEICONT 7 4 Ly b
D EREIR RN 24T > TN D 919719 F 12 2 6 OFERIZONTIT - 2B « J1R e 8= E JIz L
T, 74 by MOMERERBBIGI NS WIEERe, B EHO&E I MBIGICKERGEETHLEDE, 7
#4 Ly MBORAROEHFPHICK LT, ISHEFREEZERICHIATE 2 X2 RiEXEREL TS 9. —
FT, EROHERESC A RT v 7120, KRE LT, BHLORREEITRRDIGHEFRKIN RS TN
L. INHOMMIE, 71 Ly MIEZATLBMEED, RonTBR-NECH L TEZONTEHDTH
D03, FEEICEREOHRIC IO OIS HEFRK B HNOND Z & 6% <, ZORE, AT HERITIE
EAERENTVZRW. ZO—HFlL LT, Peterson O/ > K7 v 71X, 1974 FEIZRITEN Y, TOHME
HRZRN O MFRACHIH ST TRV, 1997 FITHIT I NIZH 2 2 HITEBRIARE, 2hrbiEoih
BHIGHEFHREPREIN TS, B 1 OB Z HRIZx LT, Peterson OITUIARIILLFO L HI2H 2 61
QAR

2t 2t\? 26\3
K =c+6(5)ra(F) val(3) @

Peterson (X2 DC,, C,, C3, CoELAFITAT X9 ffifERalXThH % 2, BEEHIERIZHWH T
L. RAUVICHELIRVICEAT LT A—=2C,~C %, R2IHBMTITEAT L7 A—=2C,~C a7 2.

Table 1 Parameters for Peterson's approximation formula in Eq.(2) under tension?

0.1<t/p<20 2.0 <t/p <200

C 0.926 + 1.157,/t/p — 0.099t/p 1.200 + 0.860,/t/p — 0.022t/p
C, 0.012 — 3.036,/t/p + 0.961t/p —1.805 — 0.346,/t/p — 0.038t/p
Cs —0.302 + 3.977,[t/p — 1.744t/p 2.198 — 0.486,/t/p + 0.165¢t/p
C, 0.365 — 2.098,/t/p + 0.878t/p —0.593 — 0.028,/t/p — 0.106t/p

Table 2 Parameters for Peterson's approximation formula in Eq.(2) under bending?

0.1<t/p<20 2.0 <t/p <200
o 0.947 + 1.206,/t/p — 0.131t/p 1.232 + 0.832,/t/p — 0.008t/p
C, 0.022 — 3.405,/t/p + 0.915t/p —3.813 + 0.968,/t/p — 0.260t /p
Cs 0.869 + 1.777,[t/p — 0.555t /p 7.423 — 4.868,/t/p + 0.869t/p
C, —0.810 + 0.422,/t/p — 0.260t /p —3.839 + 3.070,/t/p — 0.600t/p

T, AT, BEEEHC L < HO BTV S Peterson OITEIE 2 L BFH - SO FHE X QD55 R
EEMETHET 2. T, 74 by MEERp VNS WG E TEH O, 74 Ly FOBIRHEO R IR L
T, WEEZLEMRGF L, Peterson DFREEZ A LNNCT 5. £z, OHERESC NV KT v 7 DI HEPR
BOBAEICHONT HE#ERT 5.
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AL THMAT 2752 £ L O TLUTIORT. K, B - @BOFHEK YORIUSHIGE LT A=
ZHWS.

Omax : 74 L NEIZAEC 8T moORKIET (B 1(c)Z2 )

Oner  Beft & O T/ N O FRE T (DB )

p: 74y hOHBEREE (74 Ly MEOMPELEEDNT A —& & LT3 fEMEa/pE21Tp/az W 5).
t:7 4Ly FOEDOES (74 Ly MEOBEDOEEO/RT A—4 L L TIEOE S OMxHE2t/DE v 5).
a: 74 by NEOE/NTED YRR, d=2a

D : Bt & AEoEZE (B1Z3H1)

d: B/ O ERE, d=2a

§=4t/p

n:=p/t

A:=2t/D

x:a/p<10DLE x=afp, p/a<1.0DLE x=2—-p/a, HPELEONRTA—=2THY, 7 4L v Ml

DEFRPLENT p=0~00 % x =0~2.0 O CTHEFICEKIATHETH S,

K : Peterson D)t HHEH{7E 2

KN BPH - EE OSSR Y

Kig - BEOR S PERIZKREWGEEDO 7 4 Ly b OIS ERRE (Beft & o2t /D —» 10RO IR )
EHRETH DN, B2IRT L7 4 by MR T DB ED2t/D < 0.7TlHEK, ~ Kyy)

Ky TROEHE N E B R & DS /4 PR3

Kis : BEOE IS NT 4 by MEEA T 5 Beft & R (B 3(a) Dt IEHIREL

Kip : —HE5I0R Y % 321F 5 RO 72 FAL i R w1 5MER T+ 2856 OIEHE TR Ky = 1+ \/t/p (E
JITRTEOICT 4 by MBEAT DB EIED2t/D - 0DFRIROfiF 2 TR 5 2. %)

Ky : / AN—D = ARAK(m =2)WEILEE L=/ A S—DPE = AAK(m # 2), Ky = K — 1) (Kg — 1)/
((Kes — D™ + (Kpq — 1)’")%+1, MEE/NELTDHEIICm £ 2QITHEELEZAXTH D.

3 BH- - EHORELEIA LY M EETIRGEAROBRTEOLEETER SHAXKYT

BURCE S AV DON TV AIENEFRBOBELZH LT 5720, REiTIE, BHON 7Ly bR
T DB ENBOICNERRE 2%, BR-HEORHATE X AL E L O TRT. LUFT, KMNIXE
H -« SIS NEFREKNT TH Y, F/NEO ARSI ESS DO TH Y, KNMOEERKERLS 52572
D ) A NR—=DYER = AN E DIKNT JK oy S BRI L THEZ TN 5.

ZOAEROZHADOERB TIL, B 1 ORIRORFFH OIS ERREE 52 5720, X@)TEXRINDH X
FTA—Hx KA TERINDIA=2t/DEAND. T A= x [T x=0~2 OHPATELT D0, T
FoTT74 by MBOMFNALT p=0~c0 ZHEFIIKRBETETHD. £/, BEOMIIES A=2t/D #H
W5 Z LT, BT EEoEm S ORHHIT 1 =0~1 OfifiTRIND.

x=a/p when a/p <1.0 and x =2 —p/a when p/a < 1.0 3
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AR L72L 912, x 374 by MEROBLSEZRT NI A—ZTHY, x=0 1L po>o XKL TEY,
x=21F p-o0 ZKLTWD. T72bb, 0<x<2TUIRZPEROEFMAEZ LG 25, /-, 1=2t/D 3Bk
ZEORERESIEZRLTEY, 150 IZEERLRVWEE t 50 THY, 1o 1 [TEENRKE WG O
R t>D/2 THDH. T77bb, 0<2t/D<1 TEOEmESt O&FMHEZEZS. 1(d), (e), (Ic7 1 L >
b F & Beft & MO B D56 F TEHD IR OF 27~ 7o & 21%, B Ad)DEk (1 =2t/D - 0,
x = 0) DOISHEFRENL, VB OREFRB BT DI EFREE L TEETHD. Lo T 2 —4
ZHAWT, B1(d),(e), (ADOHAEETE D, BROBFMOEBIXAZLLTIIRT. ok, AU ORI FHEA
RIFFEFRL YOIART I REEELELOTHD. ok, ZTOIATIV U MEEELEHEXD
MATLAB =— RidA v #—3 v b EIZABLTEY, CEk UCESWTHRELY 7o — RiuE, 20
FEFHARETH D.

DAKES[RY 9

KNT /K,y = (1.0002 — 0.000075706x — 0.000031717x2)
+(0.18663 + 0.22307x — 0.15343x2)1 ®)
+(—1.2614 + 0.31017x + 0.38291x2)A% + (2.9954 — 3.4199x + 0.37239x2)13
+(=3.0174 + 5.4016x — 1.4530x2)A* + (1.0969 — 2.5157x + 0.85150x2)A°

2) HLkgE T 9

KN /K,y = (1.0005 + 0.0017219x — 0.0010527x2%) + (0.16467 + 0.19626x — 0.031310x%)21
+ (-1.1176 — 0.87011x + 0.68405x2)A% + (2.6857 + 1.0239x — 1.9163x2) A3 6)
+ (—2.6520 — 0.22573x + 2.0113x2)A*
+(0.91873 — 0.12401x — 0.74777x%)A°

ZIT, KnlZ 7 ANN—0O=ZAAKX W (m=2)ZIELZLO 9THY, m=18 (BI5EY), m = 1.6 (HHF)
ITRRELZR/INET DR IR B,

(Kes — DKig — 1)

-[+1,
{(Kes — D™ + (Kpg — 1™ )m

Key =
N 7

m = 1.8 (under tension), m = 1.6 (under bending)

22T, RDDOK T, B 2b)Z T BEOm I NERIZKEZ WS (2t/D > 1OWIR) o7 ¢ Ly OGS
HhRECTH D, B217T L9108, 2t/D = 0.7TE, B 2@)0i HEFBREK L, B 2(b)DE S NMERIC
REWT 4 Ly MEAT 2B EBOICTETREK, TREBITE D, LT TKpy 1RO RIS
IR EDIGHEFRE 19THD. Thbb, KOt RRXEEERLS 52570, Kg/Kpllxt L TEHEAD
KEELGZ TN Y,
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DBt ENBEOISNEFIRE DO RIE L W BAREL 2> TS, FEEE, %ikT 5E 4 B 5 DEMR (B —H —
VL DAROEFI)ITRT LIS, BE—=F—Y  OAR LY O T2t/D » 1OHPHE THD L 72



S TWA5.

F72, RDOK L, B 3@ FTEROE S ASNSWOEEQL/D » 0D D7 4 Ly k& AT 2 LR
WDISHEFRETHY, UTFOLIICEREIND. 22T, Keld, B 3(d)IRT—HEBIED 2517 5 IR
OO FRRICRKE S o BMERT DA OIS NEFREK =1+ /t/pTH 5. B 3@)OR#IE, -4
[REDOBHZT =0 725729, 3(b)Dixz F DD I-EHFBALORBEITEIMICEN & 72 5. 3(b)»
MR TS 72 OBEE L D B 3(c)ICiE a2 B D23, K& H LA Mo sl 7 I ERIZR WS D TH L7290,
EFHADOTHB TSN EMRET D EOREBITIZIEAEEETED, Z0Y), LB TRAIBHDOZHILD
IS HEAFRE K s = 1+ 2\/t/pTlE72<, Kyp = 1+ \Jt/pDBEVIERLE 72D . K DFHEREBERLS 5257
B, Ki/Kg\ X L CHEROERE 52 TN 5.

DO<t/p<1lDL=x

Kis _ 2 3 _ t _ t
— =1.000+ 0.159 ¢ — 0.127&% + 0.05083, &= |—, Kgp=1+ |- (12)
Kig p P

2) 0<p/t<1DL &
K t
—£ = 1.106 + 0.016n — 0.0595% + 0.01913, n= P Kp=1+ |- (13)
Kig t P

=
1
IR
IR

Fig. 3 SCF of stepped round bar with a fillet in a semi-finite plate K,; can be approximated by

Ki=1+ \/%
4 Peterson DG NETFEKT L FH - EHEOBHEFFRBKN LD K /KT

4 I E RO E Y (B 1@+ 5% 1 3 T/x L7z Peterson OGS JEFIREKE &8 2 BH TR L
T2EH - SOV ETEREKNT E DOWKP KN 2 F L 072t D THD. Z 2 TlE, BEfFEBEOTXTOR
Wbk, T72b5 x=0~2, 2t/D = 0~1 126 LCKE /KN D2 BER L TW5. #%ikd 58 6 (RT XD
12, EBEORFTIE x=2 O7 4 by MBRERp MO TRNSWEELMEE STV, £/, 2t/D=0
DEDE S IDN/NEWGA, 725N, 2t/D = 0.7TOBEOEmINKEVWES (ZD LXK, =Ky, B22]) b
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Fig. 4 K?/K)T for fixed x under tension. Here, x = a/p when a/p <1.0 and x =2 — p/a when
p/a< 1.0, K? is provided in Eq. (1) and K}Tis provided in Egs. (2) ~ (13). The solid line
shows the results within the range of applicability of Peterson's approximation formula,
and the dashed line shows the results outside of the range of applicability of Peterson's
approximation formula
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K? /KM for fixed x under bending. Here, x = a/p when a/p <1.0 and x =2 — p/a when

p/a < 1.0, K¥ is provided in Eq. (1) and K}Tis provided in Eqs. (2) ~ (13). The solid line
shows the results within the range of applicability of Peterson's approximation formula,
and the dashed line shows the results outside of the range of applicability of Peterson's
approximation formula
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ICHETRE DTN LE L SNTWD. ZDOZ b, x=0~2, 2t/D = 0~1 O LT, BIRT
HANBNTWEEROREZHLNNCTHZ LIFMO THHATH . 4 DIFEHIT Peterson DOITLL 5
HHEFHORKERTH Y, WL Peterson DI D HEPASN £ TR L7 #E R TH 5. B4 LV, Peterson
DISTTEFIREKP I 5% REE CHMRREL 52 D5/ &, —20%REE CH/NRMELZ 525568038 %
ZEWBGMD.

5 1ZEAfT E oS (B 1(b)) 12BH7 555 1 % T/ L7z Peterson OIS JJEHIRIKE &85 2 TR L
TEEPH - SO TETREKN 2 F L Db D TH D, FEfjE Peterson DI HEFHOFER TH
v, fERRIE Peterson DUl O HEIFAN £ TILE L7-#ERTH 5. B 5 LV, Peterson D)t IHEH{REL
KPIZIE T%FEE & TRl % 52 556 L, —15% RS TN efid 522580855 Z ERnnns.

728, B4 LB 5 Tlidx 02 OFERENREINTWVDEN, x 52 TKf 500, KN 50l 72%. LML, £
HOWKE /KN AR (x -52) &7ed. MERAITTT OIS, KOO~ — R L7253k YO REEIC
Etm7emansivTng. —J, KR OhOBENETENTNDDOTKE /KN > 16T HIRME &
5.

1.4

1.3 ]

1.2

11 °

0 0.2 04 08 0.8 1
2t/D

Fig. 6 Examples of stepped round bar geometry used in the mechanical design

Corner radius
in shaft, p

Bearing

(a) Overall view for bearing and shaft (b) Detail view
Fig. 7 Fillet root radius p in stepped round bar that should be smaller than bearing root radius pg
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B 6%, EFBROBMHFHIHW OB ERBROIIR-EOHZ R LI DTH 5. Mo~
URBEEWO N T A —, ar Sy, HEAEOI v v a VR EIEAL TS Y 7 FOME LY,
JIS BUKIZ DWW TRRE SN O~HEZ AN ST b DO Th 5 12:19.20.20 @6 LV, 20=>x>17 (0<
p/a<03) &7 4Ly hOMEERpD/PNIWROBEAT EIER, ZLMEHINTWDLZERbS. 2

AUE, HIORREHTRBW T, ROz 1T 72 & JIS KISV i (B7) TiX, AL TORE, pZ K
BNV DOTHD., ZOZLEBELT, ph/ NS WEFTOISNET Z KT 572D O FIENERE S
NTWABENRY, NLTOHTLa R barbEASNZRNWZ 0%y, B4, B5 LV, Peterson Dl /1E ]
BREKLIE, x = 1.7~2.00%H TIE, TFH - SOERIE OFRZENKE WD, #ORFHIFHT 512X
+ IR EBRNRMLETHD.

5 fhOREIEHNDREDRE

3%, BEfFEAEOmT B 1(b) (BT 25 H - @O IEFREKNT L, 2 OMoORFHERIDY,
@9, @7, @9, ®2, ©W, QWL NETIREKBLIOEH « @ OWK, /KN 2 E DL DTHD.
O~DILEEEORFER, O~DIIRFHETHHINIBRER N OIS NEFHKZSIHL TS, filx
12, KO1E Peterson i S FHE 9706 OFAR Y ETH 5. B8 1L, ISHEPHHO—FITHY, =2
TR POVEHIEFED AN BT v 7 b 0OHARYVEQ@E 7y FLIEbDThH S, ZOIIEPHRE D
I%, 1951 £® Leven & Hartman O I LD H DT, "Rl ” « Ly OIS HEFRENS, 74
Ly M AA T D BT X OIS TETRE A HE L TRO TR TH D L OBRHAN T 2I2dhH D, 2O
v RT w7 BSHE N 1950 ERITIE, RBFEND LWRO—DTho7m B2 b5, B GEITT
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Fig. 8 Example of stress concentration chart obtained from the results in Ref.(7)
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Table 3 Most accurate stress concentration factor K’ of Noda-Takase in comparison with O~@
for D/d=1.01,1.05, 1.5, 2.0, 6.0, p/d=0.02, 0.04, 0.1 under bending, @ : Ref.(5), @ :
Ref.(6), @ : Ref.(7), @ : Ref.(8), ® : Ref.(9), ® : Ref.(10), @ : Ref.(11)

D/d p/d KNTO kY5 k2o K& K®® K29 k®10 K21
0.04 2.672 - 2.58 2.65 2.55 2.58 - 2.67

6 0.1 1.877 - 1.87 1.88 1.87 1.88 - 1.895
0.04 2.580 2.41 2.35 2.38 2.28 2.33 2.00 2.40

2 0.1 1.855 1.81 1.73 1.735 1.73 1.73 1.51 1.74
0.04 2.499 2.26 2.265 2.265 2.20 2.22 1.95 2.28

Lo 0.1 1.834 1.73 1.69 1.69 1.69 1.69 1.49 1.69
0.04 1.783 1.73 1.905 1.905 1.88 1.87 - 1.93

105 0.1 1.472 1.47 1.53 1.53 1.52 1.53 - 1.54
0.02 1.392 1.31 1.87 1.90 1.85 1.87 - 1.91

Lot 0.04 1.244 1.24 1.62 1.63 1.61 1.62 - 1.63
D/d p/d ?_z: KLNGi %% K%Gi KLEDT %% ﬁ K;fi

: K} K} K] K] K} K} K}

0.04 1.000 - 0.965 0.992 0.954 0.965 - 0.999

6 0.1 1.000 — 0.996 1.001 0.996 1.001 - 1.009
0.04 1.000 0.934 0.911 0.922 0.884 0.903 0.775 0.930

2 0.1 1.000 0.976 0.933 0.935 0.933 0.933 0.814 0.938
0.04 1.000 0.904 0.906 0.906 0.880 0.888 0.780 0.912

1 0.1 1.000 0.943 0.921 0.921 0.921 0.921 0.812 0.921
0.04 1.000 0.970 1.068 1.068 1.054 1.049 - 1.082

105 0.1 1.000 0.999 1.040 1.040 1.033 1.040 - 1.046
0.02 1.000 0.938 1.201 1.220 1.188 1.201 - 1.227

Lot 0.04 1.000 0.948 1.164 1.171 1.157 1.164 - 1.171

£ 3 IR T BED, @, @, ®, DIZELTYH, HHIEZEDO N KT v 7 hEOmAR fEQ & I, §%F
EHECTELEHEN T DO THS. ‘IR TEIIE, ZhbnfED,@,®, ®, O, WHHOKES
RE@LTVMETHY, @R LD E0EEXLND. £z, &3 OOWOEITKFOMFREEN D
AT DTH LN, TORNEFHHOBELD, D, D, OLFAKTHD. T3 LV, tMOBEROIL
NEFREUE, D/ABKREL p /NS WEEIZ, BFH - @OFHERXOER IV /NSVMELE 25823 H 5.
B 5 @ Peterson OiTElAZ2 2~ HERH Tl L7-iREd, I NEFRE L x > 1.8 (p<0.2) TiEFEHm
Lo TG, HERFOEBRCMITEA SO THER L2 T v — R TH D70, AR ORENFEL
TWabDEEZLND. O~DOHERESCNAY RT v 7121%, T OFEE DR IG S8E FRR I AMEA &
LTREINTWD., ZOXIHE, ZORBENERENNEE, BIETHRIHIFIHITWAS Z i+
HEETARENDS.

£ 3 L7 (D/d = 1.01,1.05,1.5,2,6, p/d =0.02, 0.04, 0,1) Ti%, Peterson M KitzE1E 10%F

AT (1D TR



EThd. B5 TEMEABEOTRTORMBIREEZBR LIZIGHEORAELV /MWD, BIRPRE ST
WSO TH 2D, —J7, MHOISTEFRERLO~DOIE HHETRENE, 3+’ 3 10R LIRE L7z&iM (D/d =
1.011.05,1.5,2,6, p/d =0.02, 0.04, 0,1) THER KA 22%F2E TH Y, Peterson DFRFEL Y S HIZTKE L.
ZOEIT, INLOBRELTH L LTHRMZFMAT2 2 L1%, FHMESERTHLEETHD.

6 %5

VIR 7 4 Ly MBERT 2Bt & MBI IEPREIT, BWERFTOEARBBEE LT OME
SO BRI, 72 O ONTHGER T O BRI E NV R T v Z IR ENTWD VD, Z0—fl& LT, Peterson
O KTy 70%, RICRIA ST TR0, IRARE, TGN DI EPRESFIH S
TW5 D2, B HIE, ZHVE CHERBENEIC K > THESIERY, Al O & FERBEIC OV T 7 4 Ly M
D IEREZRFFAT 24TV 319719 Z DfE R A LT LT, IE B A i CRiE IR T & 23Rk %
BELTCND Y. —FHT, EROFERESAV RT v 7120%, KR8 L CTRZ D IGHEFRKI RSN TN
5. & ZTABETIE, Peterson OIFEIE B H - SO D7 1 Ly FERp VNS WHIFHE TE®D
7z, 74 by FOIRHEDORHPHIZKR LT, W& & BRET L, Peterson OFRZELI &N LTz,

1) Bfr & AEORIRY IZET % Peterson Dt NEHFREKL ITIT+5%RE E TMRREL 52 556 &,
—25%FEE F T/ REE 52 2%HENH D . IR EEEINVNSIWGEITIE, K T-26%FEE DN
HEUBGENHLDOT, HEBLETHD.

2) B EHBOMITIZET 5 Peterson DI JEHFREKIIZIE T%REEE TR REE 52 256 &,
—15%FEE F Tl N fEE 52 25603 ® 5. UIRE BRI NS WGE DR KIRZEIL-15%RE L 72V,
FIBRY OFRZEL Y L/NEL 7250, UIREEEPRKREWGEORKBZE+T%THY, IRV OBFE LY
HbREVWOTHEENPMLETHD.

3) Peterson D HEFLREKI 1L, x =1.7~2.0 (0<p/a<0.3) OFPHTIE, BFH - HEEOITLIKE DFR
ZNRENTZD, #ORFCHAT 2121, +OREEPLETHD.

4) BT EABOMTICR LT, BH - @m0 HEPEEKNT L, K<ERFFCHOW O D REHERIOIG )5
HiREK, (GEBUE) L OK /KN 2 L0, TNLORELZBRFLE (R 3). #AEL-#ME (D/d=
1.01,1.05,1.5,2,6, p/d =0.02,0.04,0,1) TlX, Peterson O Kiiz5 X 10%RE CTH-7=. —F, HH
Z OIS FTERREL, RS 22%FEETH 0, Peterson DifzE L D X HICKE V. HRES v
R7 v 7121%, 2D OREEDRWVIEEFRK DMK E L TORINTEY, TORBENfER IR
FE, BETHLHRFHFAIN TS, 2 b OBEZRR L ECRRIZFIAT L2 &2, Filgxbh
CEWRTHLEETHS.

SE B

1) Peterson, R.E.: Stress Concentration Factors, 15t Edition, Wiley. Co., (1974), 103.

2) Pilkey, W.D.: Peterson’s Stress Concentration Factors, 2nd Edition, John Wiley & Sons, Inc., (1997),
156.

3)  EPEMEE, LESCE, BB, FEAIME 7 4 Ly MBEA T D IR L ONERGRER i s iR
Br, BAMSSmCE (AR, 59, 566 (1993), 2404.

4) Noda, N.-A. and Takase, Y.: Stress Concentration Formula Useful for Any Dimensions of Shoulder
Fillet in a Round Bar under Tension and Bending, Fatigue Fract Engng Mater Struct, 26, 3 (2003),
245,

AT (12) TR



5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

Pilkey, W.D., Pilkey, D.F. and Bi, Z.: Peterson’s Stress Concentration Factors, 4th Edition, John Wiley
& Sons, Inc., (1997), 198.

HERTRDE « aREERRGEHT — % 7 v o, EHER, (1965), 385.

VARIES S, AL B, (1978), 644.

PP G HE MR R B - GG HERE, JLEHR, (1992), 269.

IR—RR BB B, #EE, (1995), 304.

FOHRGE MR BEPRCERERGE, FEEHI, (1984), 15.

YR —, ARMEE, JaHEER BB, dlaEiE, (1986), 235.

JIS B2804-2010 : 1Ly, HAEEHIE.

JIS B1521-2012 : #5723 V) #ih5z — URIE WSz,  HAPE LB,

Neuber, H.: Kerbspannugslehre, Springer-Verlag Berlin Heidelberg, (1937), 6.

P E, EEEE, PSR 70 Ly MBER AT DI JOMRICIT DG IR TR OFHE R,
e, 48, 8 (1996), 855.

PRH M, Sl 7 0 Ly M AR AT DB IR OB PR OIS HETIZHONWTOEL, HAHE
W (AR), 62,595 (1996), 7817.

Noda, N.-A., Takase, Y. and Monda, K.: Stress concentration factors for shoulder fillets in round and
flat bars under various loads, International Journal of Fatigue, 19, 1 (1997), 75.

Noda, N.-A. and Takase, Y.: Stress Concentration Factor Formulas Useful for Any Dimensions of
Shoulder Fillet in a Flat Test Specimen Under Tension and Bending, Journal of Testing and
Evaluation, 32, 3 (2004), 217.

Noda, N.-A., Yamasaki, T., Matsuo, K. and Takase, Y.: Interaction between Fillet and Crack in Round
and Flat Test Specimens, Eng Fract Mech, 50, 3 (1995), 385.

JIS B2401-1-2012: O U > 7 =35 18 : O U > 7, HAPERBUE.

JIS B2401-2-2012 : O V v 7 =8B 23« ~U YU T OR - SHk, B AREEBUEK.

Nisitani, H. and Noda, N.-A.: Stress concentration of a cylindrical bar with a V-shaped
circumferential groove under torsion, tension or bending, Engineering Fracture Mechanics, 20, 5
(1984), 743.

PIROME, BPHMME, A EBCE  EEMOIREFIZAT D ABOGIRY, AR 2w CE, 49,441
(1983), 602.

BANAK CAEMEER A 2 b Ao 5[50 (708 < AR D 77 ) — BB K D #%5),
HA A2 e (AfR), 46, 407 (1980), 805.

Noda, N.-A. and Takase, Y.: Stress concentration formula useful for all notch shape in a round bar
(comparison between torsion, tension and bending), International Journal of fatigue, 28, 2 (2006),
151.

B ECE, BPEEE, EAME  FEMEREEIR E 2 AT 2 HBO5E D ICBIT DI IE TR, A
B SCEE, 47, 423 (1981), 1194,

N ', S SR b LI 22T 50, WBOUIREICEDIENET FE2w®, U B
BRHZOH D0, AR A CE (AfR), 38,311 (1972), 1673.

VErEdT/A, N B, MHEE IR0 & LT 253100 285k, ABOUIREICL2I8NES (6 4
H, PHBRRZE DD 2 WEOHRERMENT), HAMWASHCE (AfR), 42, 364 (1976), 3701.
Nisitani, H. and Noda, N.-A.: Tension of a cylindrical bar having an infinite row of circumferential
cracks, Engineering Fracture Mechanics, 20, 4 (1984), 675.

AT (13) TR



30) Keer, L.M., Freedman, J.M. and Watts, H.A.: Infinite tensile cylinder with circumferential edge
crack, Letters in Applied and Engineering Science, 5, 2 (1977), 129.

31) BPHMME, @M REHIENT IR E - B S E oM EIRE, AT LI, (2010), 124.

32) Noda, N.-A. and Takase, Y.: Generalized stress intensity factors of V-shaped notch in a round bar
under torsion, tension, and bending, Engineering Fracture Mechanics, 70, 11 (2003), 1447.

33) Benthem, J.P. and Koiter, W.T. (edited by Sih, G.C.): Asymptotic approximations to crack problems,
Method of Analysis and Solutions of Crack Problems, Noordhoff, Leyden, (1973), 131.

34) A EMUCE, VEABME - MEEHE L ONBOGIIRV IZ T D0 IHERRE, B A S, 41,
342 (1975), 360.

35) Atsumi, A. and Shindo, Y. Singular stress in a transversely isotropic circular cylinder with
circumferential edge crack, International Journal of Engineering Science, 17, 12 (1979), 1229.

36) Bueckner, H.F. (edited by Sih, G.C.): Field singularities and related integral representetions, Method
of Analysis and Solutions of Crack Problems, Noordhoff, Leyden, (1973), 239.

37) K RAE, BFEMEE, EASLME - RENEIC X DMt FMAO BTSSR ot (G5 2 W, BB
JAGIR & 2 AT D IBOMT), AABIR SR ICE, 48, 427 (1982), 312.

A BHEFOHEXOBELSVICTOE LB IRBAHZOBIFEEICONT

2 CRARLOHERDN—R L 725 TOBIENEFREOFFRORIE &, 2 OrERICE: Ul B -
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OLLTFOREZ Y 1T, MOMZEREEE O X 0 RFIc X v EE 2 55T 5.

# A1, EMTBI AR X 2432 HEOBIIE Y IC DWW T, (KB IEDIITREE 2%, BRI Off 29,
W - SOFER 29, A S —D AN, K LS OM 0, 5515 OEBREER 20, Fk D Off 29 L bl
LE=bOThHD. MENXEORAENL, EHRBITE LTHOLR Z 20D, %< OFERR ST
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WHIREDIFCTH DK g LT, JARN=NEZXTHDOTIERL, BERREHEH LTS 2, Z0RE%
EbTs ) A N—ARE S DITETE LB - Bl OFERK DN, 5855 1R DL C RS O M 5
DL LTS, MOBEOHIEE LT, 2 TIEICH 20720 OFSRAR L7, BB R
mmk@%(@©mm%)mﬁﬁiﬁm,:h%mmzﬁ%@%iﬁhé.:ngmiWWWM%K%g
SOWEDRH D0, ZHbDEL OEMADRE 7RI E LT, SEIICIER A1 ITRT L9 7%, MTH
R0 OAFREETOHK KO ~KO) BMELN-EELD.

A2 13, MEXHEEETIHEOBIEV ICOWTOMETHS. BA4CES IRT LIS, AIFETIE
T4 Ly MO - 0ODMRE TELELTWDR, 20 & 5 RIEIETEE o L 72 5 88 DA &
LTS, 22 CIEEEEOMITRE S 2%, Keer HOfE 0, HENIJE & ZOfM 30, B - S0t
# 32, Bent hem 6 ORI 33, FF -5 Ofif 39, Atsumi S DfiE 359, Bueckner Dfif 36 & s L CHK
BTG, R A2 IORT & 51, WRINEOFHEFEDE, XZO®ROHIH T Keer HOF L 4 HifRk—
HLTHY, XENGEOEITIE, HOMEEZOMERES & X< —HLTBYRLERETE 5. & (A1)
|27 Benthem SITEIAFSIE, & ZUES OFifE2c/D —» 0% 2¢/D » 1 TR E —5F 5 & 5 Rk %
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WdT= b DT, MEDRWARTH 5 WERHEORKRED L e 5 & ek S%REDMEND 5.

1 1 3

> (A1)

d
D

ZOX D ERERE 2, BH - &L, Benthem 5 OUTRIE (A1) ZEIEL, REEIIEE OEZEN 0.2%
BRIELINTIE X ROFY % 5.2 5RO L 5 it s a4 E L T\ 5 .,

FI® 2c
- =1.00114 0.32257 1 — 1.201812% 4+ 1.897013 — 1.51581* 4+ 0.497142°, A=— (A2)

F1® D

Table A1 Stress concentration factors of a semi-circular notch in round bar under tension, @ :
Ref.(22),(23) Nisitani-Noda @ : Ref.(24) Hasegawa, @ : Ref.(25) Noda-Takase, @ :
Ref.(14) Neuber, ® : Ref.(26) Murakami-Noda-Nisitani, ® : Ref.(27) Kikukawa-Sato, @ :
Ref.(28) Sato-Kikukawa-Matsui

o
(N
e e — N —
Analysis SCF formula Analysis or experiment Comparison with KtT ©

20/D| KO | KO | kT® | (T® | (TO | (TO | (7D | KT | KTD | KTO | k@ | kIO | k1@ | k1D

Ref(22) | Ref.(24) | Refi(25) | Refi(14) | Ref.26) | Ref27) |Ref28)| KT | K@ K/ © KtT® KZ@ k'O | 'O

t t t t
0.02 | 2976 - 2989 | 2974 - - - 1.000 | ~1.0 1.004 | 0.999 -

0.03 | 2.928 - 2947 | 2922 - - - 1.000 | ~1.0 1.006 | 0.998 -

0.05 | 2.832 | 2.842 | 2.857 | 2.815 2.78 - - 1.000 | 1.004 | 1.009 | 0.994 | 0.982

0.1 2.601 | 2.593 | 2.612 | 2.551 2.56 - - 1.000 | 0.997 | 1.004 | 0981 | 0.984

1/9 ~2.56 - 2.558 | 2.496 2.52 2.58 2.57 ~1.0 ~1.0 ~1.0 |[~0.975 | ~0.984 | ~1.008 | ~1.004
4/29 | ~2.43 - 2433 | 2367 242 2.45 - ~1.0 ~1.0 ~1.0 |[~0.974 | ~0.996 | ~1.008

0.2 2,196 | 2.191 | 2.178 | 2.107 2.20 2.24 221 1.000 | 0.998 | 0.992 | 0.959 | 1.002 | 1.020 | 1.006

0.3 1.869 | 1.871 | 1.865 | 1.785 1.91 - - 1.000 | 1.001 | 0.998 | 0.955 | 1.022
173 ~1.78 - 1.778 | 1.699 1.82 1.78 1.80 ~1.0 ~1.0 ~1.0 |[~0.954 | ~1.022 | ~1.000 | ~1.011
0.4 1.610 | 1.608 | 1.619 | 1.551 1.66 - - 1.000 | 0.999 | 1.006 | 0.963 | 1.031

0.5 1412 | 1411 | 1.416 | 1.381 1.45 1.43 1.44 1.000 | 0.999 | 1.003 | 0.978 | 1.027 | 1.013 | 1.020

0.6 1.270 | 1.270 | 1.270 | 1.259 1.29 - - 1.000 | 1.000 | 1.000 | 0.991 | 1.016

2/3 ~1.20 | 1.200 | 1.202 | 1.198 1.21 1.22 - ~1.0 ~1.0 ~1.0 [~0.998 | ~1.008 | ~1.017
0.7 1.172 - 1.174 | 1.171 - - - 1.000 | ~1.0 1.002 | 0.999 -

0.8 1.103 | 1.101 | 1.104 | 1.102 1.10 - - 1.000 | 0.998 | 1.001 | 0.999 | 0.997

0.9 1.048 | 1.046 | 1.047 | 1.047 1.05 - - 1.000 | 0.998 | 0.999 | 0.999 | 1.002
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Table A2 Stress intensity factors F, = K;/(ovmc) of a circumferential crack in round bar under
tension, D : Ref.(29) Nisitani-Noda, @ : Ref.(30) Keer-Freeman-Watts, @ : Ref.(31) Deep
notch, @ : Ref.(32) Noda-Takase, ® : Ref.(33) Benthem-Koiter, ® : Ref.(34) Murakami-

Nisitani, @ : Ref.(35) Atsumi-Shindo, ® : Ref.(36) Bueckner

o }: o
S N ][ 1 AN —
Analysis SIF formula Analysis Comparison with £

2/0 | ;O [ 5@ [ 59 | @ | 6© | 5@ [ 5@ [ 5@ |0 [ @ [ £@ | @ [ @ [ p@ [ s | 2@

Ref.(29)[Ref.(30)[Ref.(31)|Ref.(32)[Ref.(33)|Ref.(34)Ref.(35)Ref.(36) Fz_® Fz_® FI_® Fr_® FI_® Fz_® FI_® F1_®
0.02 | 1.133 - 3.644 | 1.133 | 1.125 | 1.136 - - 1.000 3.216 | 1.000 | 0.993 | 1.003
0.03 | 1.139 - 3.022 | 1.138 | 1.127 - - - 1.000 2.653 | 0.999 | 0.989
0.05 | 1.150 |1.1513]2.415 | 1.149 | 1.133 | 1.153 [ 1.152 | - | 1.000 | 1.001 |2.100 | 0.999 | 0.985 | 1.003 | 1.002
0.1 [1.180 (1.1807|1.852 | 1.180 | 1.153 | 1.177 | 1.181 | - | 1.000 | 1.001 | 1.569 | 1.000 | 0.977 | 0.997 | 1.001
0.2 |1.261 [1.2608| 1.563 | 1.263 | 1.225 | 1.24 | 1.261 | 1.240 | 1.000 | 1.000 | 1.239 | 1.002 | 0.971 | 0.983 | 1.000 | 0.983
0.3 |1.393 {1.3904| 1.559 | 1.321 | 1.353 | 1.30 | 1.390 | 1.365 | ~1.0 [0.998 | 1.119 | 1.000 | 0.971 | 0.933 | 0.998 | 0.980
1/3 | 1.452 - 1.591 | 1.393 | 1.412 - - - 1.000 1.096 | 1.000 | 0.972
0.4 |1.602|1.597 | 1.701 | 1.452 | 1.561 | 1.43 | 1.596 | 1.584 | 1.000 | 0.997 | 1.062 | 0.999 | 0.974 | 0.893 | 0.996 | 0.989
0.5 | 1.940 | 1.932 | 2.000 | 1.601 | 1.901 - 1.928 | 1.921 | 1.000 | 0.996 | 1.031 | 0.999 | 0.980 0.994 | 0.990
0.6 |2.516|2.502|2.552]1.939|2481 | 1.88 |2.494 - 1.000 | 0.994 | 1.014 | 1.000 | 0.986 | 0.747 | 0.991
2/3 13.158 - 3.182 | 2.516 | 3.128 - - - 1.000 1.008 | 1.001 | 0.991
0.7 |3.618 |3.598 |3.637 | 3.160 | 3.590 | 3.05 | 3.571 - 1.000 | 0.994 | 1.005 | 1.001 | 0.992 | 0.843 | 0.987
0.8 |6.243 |6.201 | 6.250 | 3.620 | 6.223 6.115 - 1.000 | 0.993 | 1.001 | 1.000 | 0.997 | 0.000 | 0.979
0.9 |16.67|16.46|16.67 | 6.244 | 16.66 - - 1.000 | 0.987 | 1.000 | 0.999 | 0.999 | 0.000
= A3 1%, EMBEMEYIR X 28T 5 B0 ITIZOWNTOERE I EOMEITREE 2%, BH - S5

X2, ) ANR—D= AR, FHIHOERER 2, EHESOM DL L-bOTHD. PRI
F— A2 bOMERAT ZWBETIE, MR RIS oA & B LB SRENZ 2 S AT B S 3D, MEFRA
HOYEE r OMJE LA T 5 cos8d DT sin TEALT 2 3 FEHDOEN S OBG OIS GO &8 H L,
EREINEIZ X o THF OIS NEPREE SR E I T2 Z LIS LT D, & A3 IR T X910, %)
6@£ﬁ%%@@@,%Eﬁ%@%%@®&%ﬁl%&§ﬁﬁfi<*ﬁbf%@,%%6@FEM%%%

AT
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Table A3 Stress concentration factors of a semi-circular notch in round bar under bending, @ :
Ref.(22) Nisitani-Noda, @ : Ref.(25) Noda-Takase, @ : Ref.(14) Neuber, @ : Ref.(27)
Kikukawa-Sato, ®) : Ref.(28) Sato-Kikukawa-Matsui

Analysis SCF formula Analysis or experiment Comparison with K,_F@
20/D | KFV | kPP | kPO | kPO | kO | kPO | kPO | kPO | kPO | PO
Ref(22) | Ref(25) | Ref(14) | Ref@7) | Refs) | kY KEO o~ KEO KEO
0.02 2.877 2.907 2.82 - - 1.000 1.010 0.980 - -
0.03 2.790 2.824 2.73 - - 1.000 1.012 0.978 - -
0.05 2.630 2.659 2.56 - - 1.000 1.011 1.053 - -
0.1 2.306 2.317 2.21 - - 1.000 1.005 0.959 - -
1/9 2.245 2.258 2.15 2.26 2.27 1.000 1.006 0.958 1.007 1.011
4/29 2.112 2.129 2.01 2.13 - 1.000 1.008 0.952 1.009 -
0.2 1.858 1.880 1.77 1.86 1.87 1.000 1.012 0.953 1.001 1.006
0.3 1.575 1.583 1.53 - - 1.000 1.005 0.971 - -
1/3 1.504 1.510 1.47 1.50 1.53 1.000 1.004 0.977 0.997 1.017
0.4 1.390 1.395 1.37 - - 1.000 1.004 0.986 - -
0.5 1.269 1.277 1.26 1.27 1.29 1.000 1.006 0.993 1.001 1.017
0.6 1.183 1.186 1.18 - - 1.000 1.003 0.997 - -
2/3 1.139 1.141 1.14 1.14 - 1.000 1.002 1.001 1.001 -
0.8 1.072 1.073 1.07 - - 1.000 1.001 0.998 - -
0.9 1.032 1.033 1.03 - - 1.000 1.001 0.998 - -

REPOL 0 LRESR RV, & A1 OFIEY OBRATIE, )15 0EBRERKTO D ROREIT 2%RE TH
S72OT, BIEY LV bIITOERORENRE. 1116 D1, OIRFEICOFRS—VEM L, ERIC
L0 IEHERERELTNS. 2O, YIXXEICOPTRS — D% EE LR TREA N TIC L - THEIC
WIE L <R DTV MR E 2 H T 58BN T L, BRERRET 5% 80 THRICE > TRIEDRE
EBRERK R TOS. i, RO RICE SO TR SN B - @il Rk O, #5E 1%
BN TERRSHETREE 525 2 LBbns. —F, /A4 A—0=Al0KEKEDE, o5
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