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On the Tension of the Plate with
Semi-Elliptical Notches

Hideto Tsuru*, Keiji Hamanaka**

Abstract
The finite element method (FEM) is applied to calculate stress concentration factors of the finite plate

having semi-elliptical notches under tension. Numerical calculations are done for various combinations of the

size and aspect ratio of semi-elliptical notch by using the commercial FEM software MSC. MARC-Mentat.

Moreover, the elastic-plastic problems are treated by means of linear workhardening rule. The obtained results

of stress concentration factor, stress distribution along the x-axis and plastic zone at the notch root are shown in

the figures and tables, so they can be used in design.
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Fig.1 Plate with semi-elliptical notches
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Fig.2 Analysis model
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Fig.3 Material properties

L 8315 CP214R)

-~ (2)

(2

3. BEFE EHERORE

3. 1 EFRPEEHBOREM
FPEEGE L FOREEIIOVTOME 21T
72DICFig2laR g IR (a/W=04,b/a=0.6) 12D
W, EESEREM A BLSE, BiEEE217-
2. FTI/AUIR &m0 5 HEE EK OBFR% Table 1
WRY. COLEYREEOWH (VAHX V) O
TEBIE, Xy Yot X EAESE D005 E
EL L TITo 7z, 1/48)K & i35 E B 40RE FE TR %
LA oND 2 EDbhb.
RICYREEOWH () A RA Y ) O5EKIZD
WTHMET L7, O % Table 210787, 22
T1/48)R & kD #1880 EIT—E & Lz, 1)
R & B/ NI O 53 B S0 BE TR e L 7245 A3
NBLZEDRDbHI5.

D OFHEIZ YR & B0 551518054, YIR XK
D W D53 E1 510057 E % 2L & U TN 2 175 7-.

Table 1 K, for various numbers of division along the notch
edge (divide a regament into 100, a/W=0.4, b/a=0.6)

1/48) R S dwordlEe| 10 20 40 80 160
K, 433 | 449 | 453 | 455 | 455

Table 2 K, for various numbers of division of regament
(divide a notch edge into 80, a/W=0.4, b/a=0.6)

YR X EOWNRE % | 50 | 100 | 150 | 200
K, 453 | 455 | 455 | 455
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Fig.6 Stress distribution on the x-axis (a/W=0.30) Fig.9 Stress distribution on the x-axis (a/W=0.60)
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14r A a/W=0[Ref3]
® a/Ww=0.10 O a/W=0.50
12F a B a/W=020 O a/W=0.60
¢® JW=030 < a/W=0.70
X a/W=040 * a/W=0.80
10r
- 8-
M
6-
4+
2.
O 1 1 1 1 Il
0 0.2 0.4 0.6 0.8 1
b/a
Fig.11 Stress concentration factor K’t
14 . .
Notch Hole
O @ 2/W=0.1
12r O @ A/W=04
A & a/W=0.5
10F
-~ 8-
N
6.
4.
2.
O 1 1 1 1
0 0.2 0.4 0.6 0.8 1
b/a

Fig.12 K, for semi-elliptical notches and elliptical hole

Table 3 K, for semi-elliptical notches (K,)y,;cn

LR
a/W | b/a=0.2|b/a=04 | b/a=0.6 | b/a=0.8 | b/a=1.0
0.1 11.79 6.27 4.46 357 3.05
0.2 11.78 6.28 447 357 3.04
0.3 11.74 6.26 4.46 357 3.05
04 11.99 6.39 4.55 3.65 311
0.5 12.31 6.57 4.70 378 3.25
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Table 4 K, for elliptical hole (X)), ;.

JLEE

a/W | b/a=0.2|b/a=04 | b/a=0.6 | b/a=0.8 | b/a=1.0
0.1 11.11 6.09 4.39 355 3.04
0.2 11.26 6.21 451 3.66 3.16
0.3 11.62 6.48 474 3.88 3.38
04 12.24 6.92 512 4.26 3.76
0.5 13.18 7.59 5.73 4.85 4.37

Table 5 (Kt)Notch / (Kt)Hole

LIt
a/W | b/a=0.2 | b/a=0.4 | b/a=0.6 | b/a=0.8 | b/a=1.0
0.1 1.061 1.029 1.017 1.007 1.004
0.2 1.046 1.011 0.990 0.976 0.962
0.3 1.010 0.966 0.942 0.921 0.903
04 0.980 0.924 0.889 0.856 0.828
0.5 0.934 0.866 0.820 0.779 0.744
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Fig.13 Plastic zone of semi-elliptical notches (a/W=0.10)

(#5 - &) 67

XXHELDN, AMLNVPEL &5 E PR
DT AXRY FHRWMY) /R & & g 2L TZ DR
RIBICKEREVDPRDOONL., TOZEISRK
IS 720 CHIRDSER CE W &b h 5.

4. #&

il

W72 YR & 25 54 BRI O —RkG 5k D [
BB BN ER B & MY DL Y 2 1f
BAHFEMY 7 b (MSC. MARC - Mentat) % H\C
fEKT L7z, Z L CHIEDO—RAT & % 4LBEORK
RIS IZDOWTE Lo, IlERRE~D7ZML
DORKEEERROBEEIZOWTHR., 251,
W72 )R & & e 2L IO W TIE
R YRR IC O W R - AT L 7. 1B
BN AERELLFIORT.

- PR EEDIS T HAINZOWTIE, YR EED S

NAHIZONZAMIIR KT L, WUREERIE

b/allERRE R D L) THDH. L THRFRT

—REERY, TOMEIARIETT o)L ) BER/NZ .
R ERRBIE 2R IEb/aZ L IR RS

EWNFO Ha/WIZIZIZHBIT . Z L Th/anv/h

EL e BIRE, ThHabLLFVYREITHENIK D3

BHMICKRELL D, E512, WHEPREZ DY

PHILOREK T2 L, a/WHKEL R DI

o, FAMLSESIBERROZETILDOFH

ISEPREIIKRE SR, BHELA-#PHCldi

K25UFEIE DD L 72,

- WAVERRARIIC O W TR, ADNE VAR TIRIG &

W3=025

%=0.35
Cg=0.50
OF=075

“‘X(i? K, =439

(a) b/a=0.6
WM3=0.35
[1F=0.50
[1@=0.75
K=3.09
(b) bla=1.0

Fig.14 Plastic zone of elliptical hole (a/W=0.10)
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Fig.15 Plastic zone of semi-elliptical notches (a/W=0.30)
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Fig.17 Plastic zone of semi-elliptical notches (a/W=0.50)
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Fig.16 Plastic zone of elliptical hole (a/W=0.30)
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Fig.18 Plastic zone of elliptical hole (a/W=0.50)
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