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Abstract

In this paper, A new finite element method for the time domain analysis of the dynamic stress
intensity factor of two-dimensional viscoelastic body with a stationary central crack under the transient
dynamic load is presented, which is based on the integrodifferential equations of motion in the isotropic
linear viscoelasticity and the Galerkin's method. The viscoelastic material is assumed to be elastic in
dilatation and behaves like a standard linear solid in shear. As a numerical example, the Chen's
problem in viscoelastodynamic version is solved for the parametric study about the effect of viscosity
and relaxation time on the dynamic stress intensity factor.
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Table 1 Coefficients of the relaxation function

Gy 1275 MN/m?
Ky 2350 MN/m?
a 0.09804

T 1078 sec

p 1800 kg/m?

PMMA (polymethyl methacrylate)?] A2l djo]
BY92 A Georgiadis 5“9 dlolH e} 2F d2dh.
3 oo Aol AHg&E dlo]EE ¢, =841.625
m/sec, Af=2.2813x107 sec (Af;=0.08 sec), a=
24x10° m& 3&gleh

Ade Z2a3g AF6t7] Ao Fig 20
a=1(f=0)2 &t }riz] #o]e & Table 19 F
oW EAE ol&3ldq T F#AFFAE =AF
Ao a=12 3 FARAN FRHAHY 7
o}x2 g #XZAHBE Chen and Sih"e FTEA
o2& Hlmd 4 9t} 2HolA Chen and Sih
o] AxtE ¢,~28132 FZolA 12150 o[,
A Ao £,=2.5599 F-ZolAl 1.23692 4 &l
A7t 28 A Jeidod, Ajzto] Ao wet
A AR} A g2 & RS ¢ F A
B %‘_E—J—} Chen and Sih’9) s|A oA} Al&=
% 2 gadz $A4d 5294 288

J

o] 4 g

L elastostaic 7t ~

——Present resuft(a=1]}
-~~~ Chen and Sih(1]

Fig. 2 The elastodynamic SIFs for a=1

elastodynamic

7 etastostatic

[
04 /) —a=10

--- a=0.5848
------ 2=0.09804

Fig. 3 Comparison of the elastodynamic and visco-
elastodynamic SIFs for a=0.5848

HAs gEL AvrRoz Ao fFAlsA Uebd
ot #3322, Fig. 29 #XZd04= 54 " o
o FetA zZEaA®om £yPF Fx A
= A8 XS Fdsdch

Fig. 300 0 =0.5848(f=0.71), a=0.09804(=9.1999)

2 3ta, YolA dHolEl:= Table 1] Fo13 4
g o]g3ta P FHEAN FAAHZE FAHA
$A A Fig. 2)9 MuPed, a=19 F$rc}
Mol ez Astod 7h4(damping)7t T
S o ok 28y, arb FolAE A 9
go] o AAx, G S=r7t "ojPoe
2 sl Fgkol $52= oFHE & F J
th. a=0.58482 Georgiadis 5“2 B4 dlo)Efo]
™, 0=0.09804c £ slMe] 4 dlogdd, ¥
2kl Ag-oll Mol FAzbol AAA © FFS
73S & F ok Fig. 394 T Fx25

¥



o
N
ol
o
e
e

elastodynamic
12 PR
s 2
w
104 —— 2 =
k elastostatic
0.8
= «=0.869565
< 08 J ¢, v/ a=0.00005
-1/ e c,1/a=05
wald/s c,tia=t
S I c,t/a=s
0.2
0.0 T T T —T
0 2 4 6 8 10

Fig. 4 Effect of the relaxation time on the visco-
elastodynamic SIFs for a=0.86957

elastodynamic

elastostatic

a=0.33333
c,t/a =0.00005

m-v-¢,1/a=0.03

=1

Fig. 5 Effect of the relaxation time on the visco-
elastodynamic SIFs for a=0.33333

elastodynamic

1.2 elastostatic
;

«=0.09091
¢, 113 =0.00005
----¢,1/3=0.05

Fig. 6 Effect of the relaxation time on the visco-
elastodynamic SIFs for a=0.09091

g #99 $HFUASs AN 1587

FEAL AgolE 725599904 123690,

Hebd(a=0.5848)2] A ole  1,~3.519994
2028 ojt},

t}2-9] Fig. 4, 5, 6914 a9 19 WSt &
ety SiFel 71Ae AF¥E A8 Fig. 4
o= Table 1914 a=0.86957(f=0.15)2 Z7}A]7]
1, ol¢hAlzhel Wgle] mE FHYA SIF 2
£ vla =AY agdd & F R0l «a
gtol 1o 7i7kE A Sole TRV} T
ot & Aolg RolA 2
AEE IA ¥ Gd ¢ 7 A% Fa=
ol 28 sFEY I
1.2127~1.24039] ¥HHE 2+
Fig. 591 Table 19 =0.33333(/=2.002 %
4731, ojgkAZhe Wl wE FHEA SIF
ANE =AU Fig. solA e oAzt
o] AXNW ZHetd THo] FuAd FIstx
WM E o] A Zho] HolXH HAe FggoF <l
3 Hed [Hdo] FRIASIZRE 9507 olF
2 & 4 2t} 212 Fig. 49} Fig. 69 =
FHoz vehte "ol a7t FolAWR F
qe] Aol o AZ F Jvs FHol pETh
Table 201 Fakd oAl zbol] Wi FHEA
TAEFig 59 FHL 71=3% Solg AMg
< THEA SIF FaEol ZAasttrl A 71
3t gltke Hd o] @AL Georgiadis et al?
o] ZRNME EAEHA

Fig. 62 Table 1914 a=0.09091(f=10.0)% %
A2A7]3 o] hAIZhe] W3l wiE sldATZH,
FrigAATS 7S ASTY Aot & BF
of A9 9ol o ZA YEE F ASE &

AA
F At 2P c,r/a=19 AFos S0

oft rir

—

ho)]
=
L
[
1

>

Table 2 Maximum viscoelastodynamic SIFs due to
the relaxation times for a=0.33333

cy1/a T ty SIFs
0.00005 | 142581 x10~1 | 4.23983 | 1.26080
0.05 1.42581 x10~7 | 4.47980 | 1.25210
0.5 142581 =106 | 4.79979 | 1.19170
1 2.85162 x10~6 | 4.79979 | 1.14569
5 1.42581 =x10-5 | 2.71989 | 1.10885
50 1.42581 x10-4 | 2.55987 | 1.21890




(1.2369)° vl&l 1 gtEol ZHz}h 1.2355, 1.2189,
115228 HolAge Apddoln)

4 dAZA, odldE FYFALE A 2
o7t @Y WY WBol FolM FA

g
H B82S Table 17 Zony, 715t8A it
FEHABOFE o] 40mm, F 20mmoin F
o] Zo] 2a& ¥ A L} FTa
< 9% 22 HPo 149E £E3A
A& el AMEE Fo2FE 1347] FH
43978019, #EHcte] Eolaie A
oAt FUsHA st

Fig. 791 ¢,7/a=0.35068( 1=10"° sec)d W a <)
Wslo] We FHGA SIF AFE v =48
t}h Fig. 7904 Fad JHEY 7L a=1¥ 9
£,7109595014 25441, a=08695652 W ¢,
=11.599591 A4} 2.5757, @=0.33333¢ © ¢,~16.3193
A A 2.53460]8], a=0.09091Y = ¢,=33.038600
A 23417 olth. a9 Zhol et FAHA SIF
FgEol FHoz ZAFEA $E0F olFH
£ ¢ F doh

Fig. 891%  c,t/a=0.00005( T =1.42581x10"° sec)
A o a9 W3] uE FHEA SIF A3E Bl
TNt Fig 8dlA FHEAY FHE S
a=19 # ,~10.8626°1*1 2.5646, a=0.869565%
o £, =114910004  2.6532, a=0.33333% W ¢,
=16.42859) A 27970 °]v], a=0.09091%) L=
TMo) AL Frketn ok Fig. 73k 2E, oW
ANe a9 Zad wet FHEA SIF FgEol A
AHog ZIl5tHAA 522 ol5EE ¢ F

2R

4>

o 4r & &l o o

N

flo i o B o2 e = |

2

B!

v}

Fig. 7% 8014 a9} Zaol weh vehte 4
whE @abe olghATio] @A o Hold A$

of et ool AnzH, & oA A

Fig. 7 Effect of a on the viscoelastodynamic SIFs
for ¢,t/a = 0.35068

30

¢, v/a=0.00005 e
264 ——a=t

- 869565
<o =0.33333
204 e =0.09091

£ 15

elastodynamic  f -
1.0 4

0.5

0.04

Fig. 8 Effect of a on the viscoelastodynamic SIFs
for c,v/a=0.00005

AR RREoE 1 AEE BT £ Uk,

(el @AH BRVA SIF DlAE IFE 2
Abstol G e 2RE

=
(1) o7F 19) HZdH, T



FA83e ¥t ded 799 SAGWAS AL 1589

SIFell H 239, o7t 09 7IAAAE  FAh 9
ol vl AxA FEA SIFEY o @& 7t
4 4 I

2) Fo4 aol disiA, 17t AAE FHREA
SIFE E¥4 SIFol FAZshvd, 71 Z4sid &
HetA SIFe 24ttt oAl Fobeth

(3 @9 B%olA wF o7t 0o FMHEE, 1
7} AANTHE S84 SIFeF ZolxA] ¢e

@) Folsn 7t Atk 7, FE9EYy
o Hed Haol s SEHRE G ol E
Hog A3 Georgiadis TWe Axtel AgL
ARAL7E dAsittn 7pA B =79 4
Aol Antgozr  dAstd, oJfA (1=
116959 sec)o] & 34 (r=10"% sec)d EZ AU
Hog we AAM Ao gaFol B A AR

th o W] gejn gAzb ZAAM YEbdTh

(1) Chen, EP. and Sih, G.C, 1977, "Transient
Response of Cracks to Impact Loads," Mechanics of
Fracture 4, Elastodynamic Crack Problems, Sih,
G.C. (ed.), Noordhoff Int. Publishing, Leyden.

(2) Atkinson, C. and Craster, R. V., 1995,
"Theoretical ~ Aspects of Fracture Mechanics,"
Progress in Aerospace Sciences, Vol. 31, No. 1,
pp- 1-83.

(3) Atkinson, C. and Popelar, CH., 1979, "Antiplane
Dynamic Crack Propagation in a Viscoelastic Strip,"
J. Mech. Phys. Solids, Vol. 27, pp. 431~439,

(4) Georgiadis, H.G., Theocaris, P.S. and Mouskos,
S.C., 1991, "Plane Cracked
Viscoelastic Body," Int. J. Engng. Sci., Vol. 29,
No. 2, pp. 171~177

(5) Georgiadis, H. G. and Rigatos, A. P., 1996,

"Transient SIF Results for a Cracked Viscoelastic

Impact of a

Strip Under Concentrated Impact Loading: An
Integral-Transform/Function-Theoretic ~ Approach,”
Wave Motion, Vol. 24, No. 1, pp. 41~57.

(6) Wei, P. and Zhang, Z., 2000, "Dynamic
Response of Planar Interface Crack Between
Viscoelastic Bodies," Communications in Nonlinear
Science & Numerical Simulation, Vol. 5, No. 1,
pp. 12~16.

(7) Domani, GL. and Lee, JD. 1993, "An
Investigation of a Dynamic Crack Propagation in a
Two-Dimensional Viscoelastic Solid," Eng. Frac.
Mech., Vol. 46, No. 5, pp. 807~813

(8) Woo-Jin Sim and Sung-Hee Lee, 2002,
"Numerical Computation of Dynamic Stress
Intensity Factors Based on the Equations of
Motion in Convolution Integral," Transactions of
the KSME A, Vol. 26, No. 5, pp. 904~913.

(9) Woo-Jin Sim and Sung-Hee Lee, 2003,
"Transient Linear Viscoelastic Stress Analysis
Based on the Equations of Motion in Time
Integral," Transactions of the KSME A, Vol. 27,
No. 9, pp. 1579~1588.

(10) Christensen, R.M., 1982, Theory of Visco-
elasticity, Academic Press, New York.

(11) Reddy, JN., 1993, An Introduction to the
Finite Element Method (2nd edn.), McGraw-Hill,
London.

(12) Kim, K.S., 1979, "Dynamic propagation of a
finite crack," Int. J. Solids Structures, Vol. 15,
pp. 685~699.

(13) Dauksher, W. and Emery, AF., 2000, "The
Solution of Elastostatic and Elastodynamic Problems
with Chebyshev Spectral Finite Elements," Comp.
Meth. Appl. Mech. Eng., Vol. 188, pp. 217~233.

(14) Barsum, RS, 1976, "On The Use of
Isoparametric Finite Elements in Linear Fracture
Mechanics," Int. J. Num. Meth. Eng., Vol. 10,
pp. 25~37.

(15) Parker, A.P., 1981, The Mechanics of Fracture
and Fatigue, E. & F.N. Spon Ltd., London.

(16) Goudreau, G.L., 1970, Evaluation of Discrete
Methods for the Linear Dynamic Response of
Elastic and Viscoelastic Solids, Structures and
Material Research, Report No. 69-15, Structural
Engineering Laboratory, University of California,
Berkeley, California.



