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The Experimental Evaluation on the Brittle Fracture Characterization
under the Mixed Mode

Shun-ichi Kawano, Motohisa Yamamura and Shigetoshi SHimizu

Abstract

For the criterion of brittle fracture under the mixed mode, Erdogan et al. showed the maximum principal
stress theory, and Sih proposed the energy-density-factor (S) theory.

The aim of this stydy is to evaluate experimentally the appropriateness these criterions under the mixed
mode. The hard polyvinyl chloride rectangular plates with a slant crack are examined in these tests. The
initial angles of crack growth #, and the fracture stresses o, are measured for various crack angles 3 and
crack lengths 2a. And the geometrical correction factors F, and F,, which are included in these theories are
obtained by superposition method using Finite Element Method, which is proposed by authors.
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Fig. 1 Schematic illustration of the coordinate for
the cracked plate.

1

g’:'(zrr')f"f’f{ cos g [K, (1 +sin? ‘;)

+K2“<3 sin # —4 tan g)]
, BERN())

1 /] 3 .

T’”:('Zr;‘/ﬁir cos i [K, sin 0+ K,;;(3 cos 0—1)]

2T, K BXU K BZFHhFh Mode 1 8L U¥
Mode I (59 IS HIL KB TH 5 . Fig. 1 IKIRT
XM (o) HHCH LU AE 8, BEX 24 DB
EHTHEEHR TR K K BRRTHA SN BY.
Vol. 33 No. I (1982)

wEr B— - ik

D/ NERT Y/ A 3

K: =0, a'?sin? B-Fi(2a/ W, B) } @
Ki1=00a"'?sin B cos B-F:(2al W, )

7212U, FiQa/W, B), F1,2a/W, 8) SHEBHUTKT
AR O KM ENETLRMTHS.

VIS - HNEA VAL 8- 2 g

Erdogan, Sih®¥ 3, (1) o2 RXTcEbLEINS 4
FHHDIES o0 DILKAL domax D ¥ RIH —EHIC
EYT S EIEEMEAE B EREL. T3DL, #&
B3 =0 B fHicHEEL, ZDHm (0, i3
() OFE3IRDOLAWUEO0EB/BLCLICLDKE 5.

cos (0,/2)(K, sin 0,+K,;(3cos 6,—1)]=0 (3)

UlehioT, (2) X% (3) XicikAT35E, 0,13
KK DKE S,
(F,/F”)tanﬁsin ﬁf+(3cosﬁf——l):0 (4)

WO REL K D

(2r)1/2'”0|n:\X:Kc (‘_Aﬁ:t) (5)

tEx, 2, 5 KXE2 (1) o 2RchATSE,
WIS o, BIRITRTEHITES.

0,

or=K.| V_J}za- cos 0 {F, sin? 8 cos? 3

2

1 B -
—4F”sm 2 sin f),H (6)

i) O 9FAHE 2 vFBERE S

(1) REOKFZ2BAXMEHDOOT ST 5L FH
& U &35 &, SihY OFHRLIOTHE 2 AFE
R S BRO LI ICE 5.

S=2r)-U=a Ki+a K;Ki1+aKi}
a,,=B—4v—cos #) (1+cos §)/16G
a,=sin #{cos # —(1—2v)} /8G
a;,={41-v) (1—cos #)
+(14cos #)(3cos 4—1)}/16G  (7)

12220, v BRT YV, G 3RHEHEHTH 5.
&Iz Sih FHRMERIEHD S MEhE 185 ) HNT
BAIMEBEL, POED S BHERM S. IETHE
fetkpigE et U ENE L. $bb 6,
38186 =0, 32S5/36*>0
O&HELSKREY, (1) KEXDKROKH LS.

1 . ()f l 1
{2 sin - 2~~-‘(1—2u) cos f)ff sin? 8- F}



Ay ' — MIRIBITE 3 MRS 5% 0 HERIY 3EM T DL T (35) 35

+ {cos 26, —(1—-2v) cos #,} sin® 5-F, Fy,
+{(1—2v) sin 6, —(3 sin 20,)/2}
«cos? B+ F#, =0 8)

LIedioT, BHEIS)) o, 13 (8) RTRD 0,
(7)) RMIKRALT, KOEIICKkpBC LT
5.

o,=S./{asin® B(a,, sin* 8- F}+2a,, sin 8 cos 8

‘FiFri+a,, cos? 8- F2)} /2 )

3. XBRAE

PR BRE Smm O 7 7 ) ABIRE T, &
B 15°C, JE 50% iIB T MEMPEIRE E=3.43%
10° N/m?(350 kg /mm?), E7 v vl v=0327 TH -
7z. Fig. 2 ICHBR T DIEAR » <['#: %, Table 1 icEE
WWHO 2a/W EHBAHO A S EET. K53

NJ0-4¢

W=112

—-o-—¢6——o—
-©-
-
N
/|
y )
|00
(=
-0
©

2a

165
Root - L/IW=25
radius O.!

detail of crack tip

Fig. 2 Geometry of specimen.

Table 1 Crack angle 8 and 2a/W
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Fig. 3 Schematic illustration of test apparatus.
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Fig. 4 Comparison of «,/E between experimental
results and calculated values (s,: fracture
stress).
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Fig. 5 Comparison of s /s 4, between experimental
results and calculated values by Eq. (6).
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Fig. 6 Comparison of fracture angle f, between
experimental results and calculated values.
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