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Stress Concentration and Fatigue Strength of Notched
Specimens Under Repeated Bending Moment

(4th Report.)
Hollow Cylinder with a Diametral Hole. Part. 1

Motoaki‘ C)NO* and Yasuo. YOSHIMATSU**

Abstract

When a solid circular bar with a diametrally penetrated circular hole is bent by the bending
moment applied at the remote section from the hole, the greatest stress occurs on the
periphery of the hole. As to this subject T.Ishibashi. discussed theoretically and calculated
the form-factor. To obtain easily the equivalent values of the form-factor of this notched
bar, we assumed two dimensionally stressed semicircular notched plate under the bending
moment in the plane of the plate, and caluculated this form-factor or the stress concentr
ation by our experimental formula, and then treating in the same way for another forms of
the hole, rectangle, ellipse, etc., we have adopted as the equivalent values of these form-
factors.

The adopted values from the equation are satisfactory to be used as equivalent values of
the form-factor for the circular or the hollow shafts with above mentioned diametral holes
as compared with our experimental results of the large type thin cylinders.

As our fatigue experiments shows, the failure occurs at the point of the maximum stress
concentration on the periphery of the hole and spread into the circumferential direction,

the form factor is very important for the determination of the hole-shape.
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Fig.1 Comparision of form factors between

two cases shown in the figure
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Fig. 2 (a) The stress distribution of the
circular cylindrical layer under
bending moment

i) The stress distribution of the
notched plate assumed to have
the form tactor approximately
equivalent to (@)
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Fig. 4 Notch forms to be compared as

diametral holes of the circular cylinder
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Table1l ' Form factor equivalent to the cylinder with diametral
holes in Fig. 4, caluculated from the Eq. (1)
Kind of | Equation ,
hole to. be used ‘o/¢ K / A ( *K JJ *K
() (i) | 1.69 1.16 } 0.51 1.90 3.50
(i) @v) | 2.23 0.80 0.34 1.67 2.42
(1) (i) | 1.43 1.71 0.718 f 203 | 2.95
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Table2 Chemical composition and mechanical properties of the small type
test pieces '

.g Chemical composition Mechanical properties

-3}

E I Tensile st

= C Si Mn ‘ P S egr;il ek;/;’c}ln— Hardness. Hv
| 0.13 0.02 0.46 0.014 | 0.021 40 100

I 0.22 0.24 0 50 0.021 | 0.023 50.8 175

X100

Fig.5 Micro-structure of the material I and II
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¥ (BL 0p=7E#R3kg/mm2, D=§Emm,
§—' —D \ - d =¥fEmm
->“<—1.5¢ (1) BHO, e OO~ H: & o sDfES0.8kg/mm*
. 1.0 (10 U BARTEELTAS & Brk=1.382 2D D 1.66
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Fig. 6 Dimension of test pieces of [, Il
material for 1.5kgm. fatigue testing
machine Table3 Section modulus of the test pieces

for each dimension in the Fig. 6

Fig.8 Tl S Fatt & s gt OR PR ORI 7Z mms3

BERE T2, YR OFEHE %29.5kg/mm2 L LT material (@) (b) \ (©) G
1 mm3?] 1 @A ORI o i iR 1 .233%

F 1 To/ =14.0%1,233=17.26kg/mm= k72 5BK= I 35.41| 16,30 11.62) —
29.5/17.26=1.70 %720, 1mm FLE@D b DY il 42.41| 19.87 | 16,11 | 14.62
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Table. 4 Results of fatigue tests of small type test pieces
TeP d do P ¢’ N O TP d dg o g’ N O
No mm mm | kg/mhl kg/mhl X108 | X No mn mn ‘kg/;mﬁ kg/mhl X108 | X
<| 1| 5.65 25.5 0.4073 X 1 | 6.00 25.9 10.0031] O
| 2 7 26.9 0.1523| X 5| 2 7 22.4 10.3190| O
<o 3 p 21.1 10.1416] X 2 3] 59 30.6 40118 X
=93] 4 7 22.5 2.2813 X ZQ| 4 | 6.00 33.0 0.5948] %
B E 5 7 21.8 154283 O 3T o 5 5.99 30.0 10,0133 O
50 6 7 21.0 126277 O P E| 6 | 6.00 29.5 1.8294 X
ST 7 29.0 14.3671] O
7 5.65 3.00 22.1 0.4127) x 8 6.00 31.4 2.6652| X
- 8 7 7 | 23.0 0.3289] X
219 ” 7| 22.4 0.4034| % 9 | 599 3.00 30.8 9.3836 X
50| 10 7 7| 20.8 0.8868; X 10 | 6.00 » ! 329 1.2159 x
25, 11 2 7| 214 7.0061) X o 11 | 599 » | 354 0.4998 X
°E| 12 7z 7| 21.2 0.8318 X ‘2] 12 7 7| 32.6 0.9933 X
L5 13 P 7 | 20.0 1245600 O 29| 13 o 7| 31.4 0.8936| x
14 7 7 | 20.6 4.1347) x =9 ! 14 7 7 | 29.0 10.0405 O
15 7| » | 202 13.0008 O & 15 | 598 ~ | 33.0 0.7118 X
‘ 5116 599 » | 321 1.8375 X
o! 16 | 5.65 3.000 20.00 28.0| 0.0255 X 17 ” 7 | 30.3 2.9858 X
S| 17 7 7 15.3] 21.4 0.1258 X | 18 7 7| 29.6 11.4526| O
< | 18 Y4 7 9.2 12.9] 1.4222] x o)
g 19 7 ” 7.7 10.7 13.0005 O S| 19 | 599 3.00025.2 | 31.07 0.1639 X
gl 20 7 7 8.6/ 12.0| 13.9680 O < 20 ” 7 1 18.95 23.36] 0.7484 x
Sw| 21 7 7 8.3 11.6| 10.0010, O £ 21 7 7 112,60 15.53| 5.2464 X
S| 22 . 7 12.0 16.8 2,040l X o8| 22 | 6.000 ~ |14.10 17.38| 8.9026| X
Tl 23 7|~ ] 13,5 18.9] 0.5458) X o%| 23 | 5.99 4 | 16.40 20.22 2 7380 x
o | 24 » 7 11.0 154 31971 X S~ 24 | 6.000 ~ |15.05 18.55 8 8753 X
=125 Y 7 | 10.5| 14.7 2.0486 x T=| 25 5.99]  ~ [ 13.10/ 16.15] 9.4882 X
2 2 v | » | 9.5 13.313.7848 O = | 26 2| 1 13.60 16.76| 15.0410, O
T2 7 % | 12,40 15.28 10.5170 O
I —material Es
81 28 | 5.99 3.00 10.10 13.46 10.4122| O
= | 29 P 7 | 7.57/ 10.09| 10.3408| O
s 30 » 7 115.15 20.19] 3.0044| x
Sg| 31 | 6.000 ~ |12.60 16.79 14.5007 O
B A 32 4 7 113,80 18.39] 5.8861| X
.o 33 7 7 12,93/ 17,23 11,010~ O
2| 34 | 599 ~ |17.70 22.75 1.2258 x
= 35 | 6.000 <~ | 13.44 17.91) 15 2603 O
SE| 36 7| o | 18.44 24.58 0.6680 X
T E |
I[—material
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Fig.9 Large thin cylinder test piece with (A) or (B) hole

Chemical composition

Mechanical properties

Elong.

. Yield pt. | Tensile st
C l Si Mn P \ S l Cu kg | mi kg /mh | A
0.14 \ 0.28 0.46 ] 0.016 | 0 026 0.107. 38 N 46 \ 32

Table 5 Material of the thin cylinder.
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%. PEBME 500kg-m O KFEES A IF BRERK T TR
% 1100rpm TH 5. COFEOKRBEINZIC O TO
KERIWEH S 01T TN DTH b, HERE
AU 2 T HIC OV T A BT OEES S 3
BAEBRTI SRR OmEE 7 7 > o (£ A I8
SHBALUTZDER 6 K550 AN b TRED DI,
DERITEHD OB 2 MO SRS % SR B O i
RN ESZET0.01mm L FiT 72 3 & 5 1T iRE)2 Tl
Fui.

PR R R DL IR Fe Ot BRI M3 Table
5123817 12 JIS-STS-35THAHHA DT EMINT %
WU DTH 5. FHBIGITIIEEN & & 52 5 g
BITIEL T S B2 37 3 IS ) 2l U 7s,
Z DiER% Table, 6 ITRT. EHDHIFISIITHIE
FIBRIC & — 2> + BRI ORI OEERECR L T
ETRUTZ. FAALEMAXONBSITH L THHEIR >
THO & % K/ NTE OWERE 2 kd 2 & A, BHE
EOWTHIN X DALD & 2 HIOKTEREIZ Z2h Fh
Z14=13421.26mm3, Z18=11963.76mm3 CH.D7s

UITERR > O BEIGR BUd & 412 16026.31mm3 Tk
D, Z/Z14=1.19,Z/Z18=1.34 Tk %1 bHAEX
DI S DER FFIEEE OELLUH O RE
DEHE AR o 54 %, Table 6 hd No.12, No.
13, No. 140 3 ORI ERFALAOILEE S 5
7511 16.5mm, $§/5FI10mm i 72 (78 s & Fig.10
D& 5 ICERRICEE 1. 5mm O/NFHLEZEDT DT
INHD B T2 DFEHBIL & T E S BEBIOFRARE
RUEOHEZ R LS LEX U 8D TH 5. TAKRK
ROLOWCE R & Fig, 100 & ic AMEOEHRE
0=5.8kg/mm2TCo’ =5 8%X1.19=6.90kg/mm2T&H
5. MEOD 8RS op=46 kg/mm2 Tl § % i
0.15Cd 5. /% $ >No.12~No. 14D FEHRIZE
RO A DESIWNLDSN DD EHEA L 0 s
WEWE S ILEBDH 5N 5,
BASIIBRE 2 ADERZEOIIITT EFRL VDO TRE
FRIIRETH 205, CO2EKITE BITADFEHERLL
EDIEFT T U THEL TR0 TENRIZAM
BOIDLVENT LIZHETH B,
LEROEERTIENIEEE 2 Uz $ Oix Fig. 12~
Fig.14 OBEEICRE % & 5 IWERAL OO, D3
FEDHATET 2 EMTT b bIis HERERDETA 5
BEHBFELEL TV CEdbnd, EEALOHIRIC/N
O WEEBRFOWKERIL L b EABETH 2055

Table6 Results of fatigue test for large thin cylinder
Testpiece Bending stress Repeated Damaxged
No o kg/mk| o0 hg/mh I&umbige Undargaged Note
1 1.86 2.60 2.2933 | stopped
2 2 V4 9.8417 O
3 4 2 10,3201 O
4 2,11 2.95 10.4753 @)
5 2.48 3.47 11.2238 O
6 2.98 4.17 9.9591 O
7 3.47 4.85 10.0952 O
A 8 3.97 5.56 10.5282 O
I 447 6.26 5.0164 stopped
10 4.96 6.94 10.9291 O
11 5.46 . 7.64 10.1641 O
12 5.95 8.33 3.7414 X
13 . 6.45 9.03 0.7876 X
14 | 5.80 8.12 1.5678 X
17 7.07 9.90 1.2618 X
| 18 1 6.20 8.68 1.6283 X
B 15 6.45 8.64 8.7779 O
16 7.07 9.47 10.0449 O

* with 1.5mm holes arround the main rectangular hole

AR T TR R4S
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Fig 11 Fatigue failure of No.12

Fig.13 Fatigue failure of No 14
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Fig.12 Fatigue failure of No. 13
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Fig.16 Repeated strain at
1,4,5 point of the A cylinder
subjected to rotatory bending
moment 80 kgm

Fig 14 Fatigue testing machine and measuring

arrangement
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Fig.17 Repeated strain at 2,3,5
points of B cylinder subjected
to rotatory bending moment

Fig .15 Notch form and the position of the strain 80kgm

measured 0

HBEN T 5 ORLE (FLOBEING & AL I & B X
N5) Ty —IwB0MI T %, Fig 1613 (&) i
D1, 4 5OEFT DE% &K 200kg T 80kgm DELIF
T2V PRI TR Ay 0y 5 7 1c3g LI
b D% R U MEOEIERIZ1100rpm TR Y o 7 ) v 5
D77y o OB RIFCHEIRIZIZ & LS TBA X
nTwawv, Fig17i3@o 2, 3, 50 Eoxs
FRICEEEUIC 8D TH 5. i b OHIEE % 5T
H100kg~400kg(40kgm~160kgm DHiF = — » > 1)
U THEL S 5 & Fig 180k 512723, 12 LEOD
e BRI EOMEICE =2.1X108kg/mm2 2 & U TS5/
THROUL 1, 4, 508&bEL 2, 3, 50M4h
RIZBNT 5 DB DTICAHED & 5 DI ZHERE O E]

154

Stress kg./mm?
—
(=3

Load kg

Fig.18 Comparison of maximum stress at
each point 1~5, A cylinder
I mp RN ) n
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EIREICET OMES SO HEELLND, LD mRex’ DELLTRDTHS L Table? Lizs,
G ERICBE U TEEZOR 1, 4 ONEDER 1 DOALE OIS I8 o YfE 3.30 OfE & Table.
BT 505 ONE QBRI T 5 IR 25158 1 D3.50DEIHIEL TV 5,

Tabl: 7 Stress concentration factor ax’measured at the position in the Fig, 15(4)

L\aci{ ‘ s 00 50 | 1 mean
gl 100 150 2 2 300 350 ‘ 400
Position ™~ | | value
l N
1 | 3135 | 326 | 2.96 | 3.44 | 3.20 | 3.56 | 3.40 | 3.30
4 \ 244 | 234 | 224 | 247 | 2.33 | 260 | 2.49 | 2.42
B oV TAMNE & Rk cFig.15D02, 3, U EIEFLB OF15EZ A2ICIS L TV S, T OB)

5 OEFFICA vy P —o 2D, COBHERAY v M & Rl % Fig.150) OEA AHEE TR
v v R TR R G U THBRY 1, 2, 50 NMEBEOIBIH>ER B E UTED
CHIT T — 2+ 2T THE L EICE =2.1X10° ’Z;able. 9 T1IDNBEDEL 5 DAEDELE D% ak”’
kg/mm2 2FE U THEHTEDL TRART 5 & Fig.19 L UT3.0%25 %, ChiklTable, 1 CHBIFI EHEE
L0, 2, 3OMBEDK/IL 5 ONEDIETIE DK ag’ =~2. 95T 5.

ax’ 13 Table 8 X RmTW/O TLh X b HEKRIEI 24
FHAIE 20 ex/3YH1.88L 55, 2TUNTE

Table8 Stress concentration factor ax” at the

position in the Fig 15(@B)

\\\Loaf(dg 100 | 150 | 200 | 250 ‘ 300 mean
qusition\ I | | ' value
™ ' 5 ‘
g 10 2 1.84 | 1.95 L 1.82 | 1.85 | 1.92 ‘ 1.88
N
& 3 1,50 | 1.18 [ 1.65 | 1.51 1.61) 1.49
% Table9 Strain measured at the position in
= 5¢ Fig.15(C)
] .
1 580% 10-6
Load Kg 5 \ 190
Figl9 Comparison of maximum stresses at
2, 3, 5 points of B cylinder 5. FRGREE EIRFRE D L&

2, 3) 4@®%§ﬁkcﬁﬁb\7‘:%'ﬁ‘g%® @K, ax’

Table.10 Comparison of @k, «x’and Bk

w3 ax’ ‘ Bk

$.9 Notch form; ax

=& Calucutated‘ Me.asnred Calculated | Measured
'—g; I |Fig.6 (C) 1.78 3.30 | — — 1.63

Q

R »  (C)]_2.08 3.00 | — 1.38 1.70
g ~ A Fig.15 (A)| 1.90 3.50 3.30 —_ —
E—é B »  (B) 1.67 2.42 1.88 — —

e |, (©) 2.03 2905 | 3.0 — —

Vol.18, No.3 (1967)
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