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Abstract

In this paper, transparent dynamic photoelastic experimental hybrid method for propagating cracks in
orthotropic material was developed. Using transparent dynamic photoelastic experimental hybrid method,
we can obtain stress intensity factor and separate the stress components from only isochromatic fringe
patterns  without using isoclinics. When crack is propagated with constant velocity, the contours of
strsess components in the vicinity of crack tip in orthotropic material are similar to those of isotropic
material or orthotropic material with stationary crack under the static load. Dynamic stress intensity
factors are decreased as crack growths. It was certified that the dynamic photoelastic experimental
hybrid method was very useful for the analysis of the dynamic fracture mechanics.
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Table 1 Material properties of C.F.E.C,

Volume ratio of fiber, V, (%) 1.32
Young's modulus, E;,(GPa) 4.513
Young's modulus, E{(GPa) 3.442
Shear modulus, G, {GPa) 1.416
Possion's ratio, v, 0.38
Density, p (kg/m’) 1428
Stress fringe value, f;, (kN/m) 16.446
Stress fringe value, frr (kKN/m) 13.867
Stress fringe value, 7, (kN/m) 13.746

(c) 60 1 sec

Fig. 6 Actually dynamic isochromatic photograph
and graphic isochromatics



HmolA AN AR

ki

Fig. 62 #E3A o& HA 53 Jgd &
Heol FtolBnal Yo o3 Faodd FHAFFE
ARR-to] 7g TN BHE Uedoh o)A
+HEAE HolHE HT XA, "U"EAE ¥
Hd 49< Yehdis aggd S R4
A= oldZ9 wz= FEADAMY A
(mm)E 273} Fig. 6914 BTo] Fgo] AA
sogte 44 FHx4+ 2 e wast A

J 9ee ¥+ Ak olHT B AAY 3

08 ﬁ \\‘\

06

Normalized stress intensity factors

—— K/,
0.4 4
—o— KK,
02 -
00 1 o>—0———0——0—————0
02 T — . . . —
0 10 20 30 40 50 60 70

Crack propagation time, [usec]

Fig. 7 Variations of dynamic stress intensity factors

57*“/\@

5 0 1%

xjmm)

(a) 0. J‘/ Oy

mm}

(C) Txy/ 00

Fig. 8 Contours of normalized stress components

2y golg 2Ry soluzls gor 33 B
S

doll g T4 B8 AE Hybrid ¥ 7 1279

st A FE dol7t AR wet FHAASEIE o
wol AHE AFE tE Aol Fig. 6914
B0l AA §3 a4 FH sojEgs |
of o5} Fati FAME FH7F vimd F 4
il ok ojRe AA TN FHIL Fujsid
g ¢EHSE 7] oHTE S AL
F FHEEH gAAE B2 & gAstn A
ong £ dFddA F58 Auopt g A
Agdol dg Ad o] Fasy, = £
AToA Jidd HuwoFAdA T4 e 49
stoln = Yol fFad s RAE ¢+ Ao

Fig. 72 @243zl A3l =7 43855
27] ¥4l (2e=10mm)°] i3t FFFRAF
K=o )2 FX48e SHGAqASE vE
W Zolth KiKo g2 dEZol7F S7Hedl wet
A F2TE B 5 ded ot 49 WA
ol 93 Wale ¢y WEgd Rez BY
B 2y ol d AR AHYd €A BY
7t @ E4oldl g3l KvKo grol DatAl F7hat
T A ol Jlojn. o] Aoz Hol §Y
FA o] vAE d2dole. Jae FAHY
7 AHQY BeRuE ¢ HA deds
< ¢ 5 Ik ' :

Fig. 83 E&A & T 60 usecd wWo 54

PRSI

NP

ATE AHEste z+ FEAHEES 7oA
S0z FAY3sle 0182 vl Ao
Fig. 804 & & gl%o] Yed SHHEES
dHoAe] FHE Af{ = (traction-free
condition)& WEatn Yt wElAd B dFollA
Aggd AmopgAdAdiel AAFAN T F3
Fed 49 stolBIE= ¥lo] fasdite
¢ = A Eg Yeid 84 < A
L

Q
A9 SRR FARS ¢ 5 ok

£

=

2
S o

a
2
=

5.8 B

£ A78 Foto e 2L AEL AT

M) Azl AN DA FLol ) WF4
3z Edd 49 $%e fEagos 2
=R

2
e =
o
M
2,
>
1
o
iy
o
)
X
it
)
9‘_1_4'
o,
1A
o
[t



1280 AEE - 344

Bel Agol W9 FEFL FAA,
kY

@) B =RA @7y AmolwiAe
FLo 2HBYAF KiKo B FRROI} 3
Hgol wa @k Fasts, AmolwAAe §
3 $EgYAFd) de LU0l FFL 37
sARYAS g FRQole) Aguct s
=18

@ 2 =BdA A7d AmopiaAne A
79 399 2YYESE AHY aFL v
Aol 2 SRR FABL FHe

SHAER fAMEL
% 7|
2 A= @A Aqde L¢8
A QA TFAIY (FAHNZ: RO5-2001-000-01135-0)2]
AdR2H $£IPg Aoln, oo BAHA A7
e =dd

P

2

(1) Radok, J. R. M., 1956, "On the Solution of
Problems .of Dynamic Plane Elasticity,” Quarterly
of Applied Mathematics, Vol. 14, pp. 289~298.

(2) Freund, L. B, 1976, "Dynamic Crack
Propagation,” Mech. Fract. Vol. 19, edited by F.
Erdogan, ASME, pp. 105~134.

(3) Nillson, F., 1977, "The Infinite Strip with a
Semi- infinite Crack Static and Dynamic
Considerations," SM Archives, Vol. 2, No. 2, pp.
205~261.

(4) Lee, O. S.
"Crack-Arrest

and Kim, D. Y., 1999,
Phenomenon of Al5803,"

-4%4

Transactions of KSME A, Vol. 23, No. 12, pp.
2160~2166.

(5) Nah, K. C, Hwang, S. W. and Lee, O. S.,
1996, "Analysis of Contact Singular Stresses with
Relief Notch by Using Dynamic Photoelasticity
(I),” Transactions of KSME A4, Vol. 20, No. 7,
pp. 2097~2107. .

(6) Achenbach, J. D. and Bazant, Z. P, 1972,
"Elastodynamic Near-Tip Stress and Displacement
Fields for Rapidly Propagation Crack in
Orthotropic Materials,” J. of Appl. Mech. Vol. 42,
pp. 183~191.

(7) Lee, K. H., Hawong, J. 8. and Choi, S. H,,
1996, "Dynamic Stress Intensity Factors K, K,
and Dynamic Crack Propagation Characteristics of
Orthotropic Material,” Engr. Frac. Mech., Vol. 53,
No.1, pp. 119~140.

(8) Lekhnitskii, S. G., 1963, "Theory of Elasticity
of an Anisotropic Body," Translated by P. Fren,
edited by J. J. Brandstatter, Holden-Day Series in
Mathematical Physics, Holden-Day Inc., San
Francisco.

(9) Shin, D. C. and Hawong, J. S., 2000, "A Study
on the Development of the Dynamic Photoelastic
Hybrid Method for Isotropic Material,"
Transactions of KSME A, Vol. 24, No. 9, pp.
2220~2227.

(10) Sih, G. C., Paris, P. C. and Irwin, G. R,
1965, "On Cracks in Rectilinearly Anisotropic
Bodies," Int. J. of Fracture Mech., Vol. 1, No. 3,
pp. 189~203.

(11) Shin, D. C., Hawong, J. S., Nam, J. H. Lee,
H. J. and Kwon, O. S, 1998, "Application of
Transparent  Photoelastic ~ Experimental  Hybrid
Method for the Fracture Mechanics of Orthotropic
Material." Transactions of KSME A, Vol. 22, No.
2, pp. 1036~1044.



