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Stress Analysis of Finite Body With
a Hole or a Pit Under Bending

Abstract
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Hideto Tsuru*, Kohei Hata**

The Finite Element Method (FEM) is applied to calculate stress concentration factors of a finite body

having a circular hole or a circular pit under bending. Numerical calculations are done for various combinations

of the size of circular hole or pit and the thickness of finite body by using the commercial FEM software

MSC .Nastran and MSC .Patran. According to the results, maximum stress on the edge of notch does not always

occur on the surface of the tensile side. The stress concentration factors are illustrated in charts for wide use in

design.
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Fig.1 Schematic view of analysis model
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Fig.2 Bending Condition
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(a) hole (Wt=1.0, t/2b=1.0, a/b=0.3)
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(b) pit (Wt=0.5, t/2b=1.0, a/b=0.3)

Fig.3 Analysis model and mesh pattern

EHBE NI ERE W, IR VEA IO AR
Lo TIRNAMIEIRE S E LR D25, LRV EEIC
FILEOERICHT IS DA DEEH T RO S
Nwv., BBIANZEZN TV R WSO 5461E,
LA WHNTFT O E O — RIS HAIE TN T W B
A, JEMRIS I ORKAEIZILO 2 W6 £ ) % K50%
MEKEREZ L L) THA.

3. 2 hHEHRFRE

Fig 7i13 M8 2 fLEtka/b% & 0, #MEEICFLiE D i
KEBIES) (0,) o 2 ILO By & O BT RIS
0y THERILIL L 725K (2) TR 20 S RE
K#&& D, JLESHh/EST A—5 L LTORY.

K,_(dme
)

Fig 812 A AHch/t% & Da/b% /85 A— % & LT
AT, B, Fig7iQZE#ELZ A3 2 HRE0—1%
BIE D ORIV T H R LB,

¥ 72, Table 1~3I2IZZ NS OER R ZR L7,
% L CTable 4~6I2I3IEE ML & BHEILOIS I
BE DK, (pit) /K, (hole) R L7z. & 51,
Table 7IZEM#EILICB T L HITEFIR D olnj
RED K, (bend) /K, (tension) Z7R$. BI040
DFHT O BAR72 X 5 ITH BRI T LI
REAKRE L, HRRAEIHEWIT ELEa/bANIS T
EFREICB LITTRENRISI WV, B OfLES
Wh/tOR B LRI EVIEZENEVWEL D TH
5. LH»L, Table 4~6AR3 & 95 IZHITFORET
FEEALIC L CIEBEMELOS I EFRE AN X



Bl L OREEILZ A9 2 A BREO M (8 - %)

O'y/ Ty¢
[0}
5 -
4 +
3 -
2 -
‘I -
2z/t
0 0.5 1
! a/b
-2 L ——0.1
-3 ——0.3
-4 ——0.5
l 07
0
(a) h/t=0.125
g,/ 0g
[)
5 -
4 +
3 -
) | ;
2z/t
0.5
a/b
——0.1
-3 + ——0.3
4 | —— (0.5
5| ——0.7
[Y)
(¢) h/t=0.5

57

(b) h/t=0.25
o y/ (O
6
5 -
4 -
3 -
2 -
‘l -
1 -0.5 2 0.5
a/b
-2 L ——0.1
-3 | ——0.3
-4 —+—05
| ——0.7
0
(d) hole

Fig.4 Stress distribution in the direction of depth at the edge of pit (t/2b=0.25)
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Fig.5 Stress distribution in the direction of depth at the edge of pit (t/2b=0.5)
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Fig.6 Stress distribution in the direction of depth at the edge of pit (t/2b=1.0)
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Fig.7 Stress concentration factor K,
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Table 1  Stress concentration factor K, (t/2b=0.25)

i —2bl 0.1 0.3 0.5 0.7
0.125 1.999 1.635 1.587 1.673
0.25 2.009 1.896 1.989 2.349
0.5 2.048 2.075 2.477 3.042
1 2.402 2.308 2.729 4.140

Table 2  Stress concentration factor K, (t/2b=0.5)

hi bl 0.1 0.3 0.5 0.7
0.125 | 1.962 | 1.796 | 1.748 | 1.833
0.25 | 2.214 | 2.158 | 2.286 | 2.678
0.5 | 2.271 | 2.252 | 2.654 | 3.785

1 2.654 | 2.533 | 3.028 | 4.664

Table 3 Stress concentration factor K, (t/2b=1.0)

hi—abl 0.1 0.3 0.5 0.7
0.125 | 2.667 | 2.110 | 2.030 | 2.207
0.25 | 2.717 | 2538 | 2.521 | 3.067

0.5 2.402 | 2542 | 3.001 | 4.402
1 2.822 | 2.822 | 3.439 | 5.561
Table 4 K, (pit)/K (hole) (t/2b=0.25)

i —2abl 0.1 0.3 0.5 0.7
0.125 | 0.739 | 0.709 | 0.577 | 0.393
0.25 | 0.834 | 0.852 | 0.755 | 0.574

0.5 0.856 | 0.889 | 0.876 | 0.812
Table 5 K (pit)/K (hole) (t/2b=0.5)

hi—abl 0.1 0.3 0.5 0.7
0.125 | 0.832 | 0.708 | 0.582 | 0.404
0.25 | 0.837 | 0.822 | 0.729 | 0.567

0.5 | 0.853 | 0.899 | 0.908 | 0.735
Table 6 K, (pit)/K,(hole) (t/2b=1.0)

i —2abl 0.1 0.3 0.5 0.7
0.125 | 0.945 | 0.748 | 0.590 | 0.397
0.25 | 0.963 | 0.899 | 0.733 | 0.551

0.5 | 0.851 | 0.901 | 0.873 | 0.792
Table 7 K (bend)/K (tension):hole

yop—2a/bl 0.1 0.3 0.5 0.7

0.25 | 0.731 | 0.592 | 0.500 | 0.390
0.5 | 0.818 | 0.650 | 0.550 | 0.444
1.0 | 0.886 | 0.736 | 0.628 | 0.514
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