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Prediction of the Crack Aspect Change in Twin Surface Cracks
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ABSTRACT

An analytical scheme for predicting the crack aspect pattern of materials which contain
twin surface cracks was developed. Fatigue tests were performed on twin surface cracked PMMA
plate specimens to obtain the interaction factor accounting for the interference effect of adjacent
cracks. Here, the interaction factor is defined as the ratio of the stress intensity factor for twin
surface cracks to that for a single surface crack. From the analysis of the fatigue test results,
the interaction factor was presented as the ninth-order polynomial expression having a function
of dimensionless crack spacing ratio. Then the polynomial expression was incorporated into the
prediction program of the crack aspect pattern for twin surface cracked materials. And, the
interaction effect and the coalescence condition of adjacent cracks were simplified in the newly
developed prediction scheme of the crack aspect pattern. The predicted crack growth pattern
using the prediction scheme was compared with test data from PMMA specimen. The predicted
pattern agreed well with the test data,
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Fig.1 Configuration of specimen.
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Table 2 Dimenslons of . gpecimen.
Specimen a, 5, w t e, by 2a, b,
No. | Gom) | (mm) | (mm) | Cmm) | (om) a, €, ¢
T™WI1 7. 50 2.00 ]125.00| 19 10 | 30. 00 0.267 | 0.500 | 0. 105
TW?2 8 00 2.42 1100.00 ) 15 00 8. 00 0.302 | 2000 | 0 161

15°

120

=

Fig.2 Detall drawing of a seli—made fly
cutter,
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Flg.3 Schematic model for crack growth
assumed to obtaln interaction factor
of twin surface cracks by experiment.
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Flow chart of prediction procedure for crack aspect change (Twin surface




5.3 @ME & #*o
&R

EHBHMKRRE

(6) w2 FEE Aolel MM <7} AV &
(el gold, F HEEMS HEBS A
2 EHY REs B oluYE T RmK
We A7 Slo), shtel Ll 44E EEEE
Zo] 9 w7z BRREEHS Lo B
o, o#d, o] BEREEHS BEM o
o b7 wj B, BBREBEM S REGHM
2o HH/HI LB, ®HT = AL
A2 A oald, T FEENY BE
Bo] Mz g3 BEYHE st $4EH
EHEUE HLSD WAt T feghsto),

T RE@HO) JERC NS 2ES BE
RE, @Ml BT WM &WYol9
23, @RPols T REGHO Zo® v
AT e shte] F PEHEAGHE =
B3, ol Lkl BRlfix: HBREGH
o HAEHH Y S e FEod BF VL

olda B 278 HB/EEER o T
BUBRBE BAG*E B Fig.5
o) aS@Ee wrl

Table 3

B#ETE®E/ Vol 14 No. 2 1992/73

6. MTER X ER

Table 18] TW2 BHEHOoZ HFHABES
BT, 2/ HBEFEHERS BRE
1 #®El o 3 BFH =ds FHoue
W st o

AR TW2 o FHABIAM, RBEGHS
A TWIS At oA A

O EXPEIUMEMIAL DRIA

== MEDICTION Oy
[
tac 7, 0.9 2

z - eﬁp’ﬂlmc’o

— MU HON Y

FI(1Q 14,129

R vy B R

2l
Q. -

Al L L [T DU N U O T
01 02+ 03 04 05 of 07 o8 09 10

—— - By

Fig.6 b/a—b/t relations for twin surface
cracks (Specimen No.TW 2).

A summary of the comparison betwesn the experimental dota and the predicted data

for aspect change of twin arface cracks (Specimen No. TW2).

(b/a)p : Predicted data
(6/a)g : Ezxperimental data
n ! Number of data points

s : Standard deviation
n

s = d!__ e (B 12172
P {(n—l) 2-21 (C8/adp, i — (b/adg, ; } }

Before coalescence

After coalescence

Prediction by eq. Prediction by eq. Prediction by eq. Prediction by eq.
(7.8 9) (10,11, 12) (7.8 9 (10, 11, 12)
0. 054 0. 008 0. 036 0. 021




74/ X

ok @iolA Eikd SABMRBEL BAUGX
of whalA, REEH TW?2 9 HHEH Mk #it
E BYEeH, I BAFEEREE Fig. 6 oA
BREFEY HBAT Fig. 604 UKL
4/a7} 0.6 ~0.82 @WE Q= Data 52
T kE&HNC] 48] @R BE T
FH o3 EHPMBMEEFS el o,
b/e7F 0.3~0.59 A UE Data 52
T HEEN) 483 EEYE EREETHER
2 REIY 7 &EBREME] 8FHES Y
VBRI T Ar)elA, R(T)~(90] et BmEl"
BAPRBLs ERERET BAFHE T
ik, oy, R PRESC] RES WER
B FE& BRI R0~ wal %A 4
R Bt s FR&ERT & —5%3x
=R Fig.694, F(T~(9] o3t %=
HRE BEREELYT b/t 25 22 BE
ol &RVt Ba: sk

T, R(N~(99) Ko~12) =18 HKBF
Ri(e] BAGES BeEe TEMHA K
BE 95k, ®&uel RES A8 B
WA, aEln AiE BEeYE mEd o7
AE Bt BBBRE b/ac] o B
fHe) KEafEe] 2RE FESI ERREE
Fao0, Table 30l ©]RA-& Vel B
BEEMEN 2% 4 hEgsid vy, nE
BAE WS- BEES $o Aeg dguo
¥, 53 K~129] 23 BAKE= 48
97) EE7ZRNA S5 #FFHR ez e
ok

. &% @&

BLET Zel, 2709 HBREEME e
el thE R MATHERS &R
B BRI BRe T e 22
ws Ay ' :

(1) 27He] HBEREEHS e #0eel o
dted, REHEMS EHEH RERH S EHY
A HMANAA, T REWREMEA HILF
HRR7E de SRS HWEERGRBE
KRB BATHIEAN ot Fasioen,

IR 8o R¥ko] TEETh

(2) 270 WHRERES WS BHE
mizBEAN, T REe HETFHHES &
BiEd Sol BaMtslol BAHYoH, ol
o HMT BEl ostdn W nE BEE %
A s Fkelrl Bi=Rd

(3) HWMFEENS RS BEAA,
& EHAKYE, B 0 < 0.2 0yse] H A A
SRWRB(E BEE A BEE7) 93k
BAY MIERE F o fmiol, 2709 %
BRE ER Bl BRI = yE=d

2 £ X KB

1. JC. Newman, Jr. and LS. Raju, “An
Empirical Stress Intensity Factor Equation
for the Surface Crack”, Engng. Frac,
Mech., Vol. 15, No. 1-2, pp. 185-192,
1981,

2. Y. Murakami and H. Nisitani, “Stress
Intensity Factors for Interacting Two
Equal Semi-Elliptical Surface Cracks in
Tension”, JSME, Ser. A, Vol. 47, No. 415,
pp. 295-303, 1981.

3. T. Miyoshi, M. Shiratori, Y. Yoshida and
O. Tanabe, “Study on Stress Intensity
Factors of Closely Located or Partly
QOverlapped Twin Surface Cracks”, JSME,
Ser. A, Vol. 50, No. 451, pp. 477-482,
1984.

4. R. Yuuki and T. Yoshida, ‘Fatigue Life
Prediction System for Structures”, JHPI,
Vol. 24, No. 3, 1986.

5. M. Isida, “Elastic Analysis of Cracks and
Stress Intensity Factors”, Fracture Mecha-
nics and Strength of Materials 2, Baifu-
ukan, pp. 181-184,1976.

6. mER, REH, £XH &EX “=THE
G HEREEPHAR SIRREWET
ol o] Ik BH—", BEEFHEL
mas:, #£12%, # 2%, pp. 43~50,
1990.



7. Y. Murakami and 8, Nemat-Nasser, “In-

teracting Dissimilar Semi-Elliptical Surface
Flaws Under Tension and Bending”,
Engng. Frac. Mech., Vol. 16, No. 3, pp.
373-386, 1982,

. M.A. Mahmoud, “Quantitative Prediction
of Growth Patterns of Surface Fatigue

B#ETEBE&E/ Vol 14 No. 2, 1992/75

Cracks in Tension Plates”, Engng. Frac.
Mech., Vol. 30, No. 6, pp. 735-746,
1988.

. BER, &€, “HE TEH REGHRE

ESEH KR ES HI HR”, KEEX
BiF FRE, FEBHHRE #£398, No.
1, pp.85~91, 1988,



