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Abstract . Dynamic fracture characteristics of polycarbonate and polyester were investigated. The dy-
namic crack propagation velocities in these polymeric materials were measured by -using both high
speed camera system and silver paint grid method developed and justified in the INHA Fracture Me-
chanics Laboratory. The measured crack propagation velocities were fed into the INSAMCR code(a
dynamic finite element code which has been developed in the INHA Fracture Mechanics Laboratory)
to extract the dynamic stress intensity factors. It has been confirmed that both dynamic crack arrest
toughness and the static crack arrest toughness depend on both the geometry and the dynamic crack
propagation velocity of specimens. The maximum dynamic crack propagation velocity of polymeric
materials was found to be dependent on the material property, geometry and the type of loading. The
dynamic cracks in these polymers seemed to propagate in a successive manner, involving distingui-
shed ‘propagation-arrest-propagation-arrest’ steps on the microsecond time scale. It was also found
that the relationship between dynamic stress intensity factor and dynamic crack propagation velocites
might be represented by the typical ‘I” shape.
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Fig. 1. Schematic diagram of multi-spark gap high
speed camera system.
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Table 1. Mechanical and Physical Properties of Poly-
carbonate and Polyester Resin

Polycar- Polyester

Properties Unit bonate Resin
Static Elastic GPa 2.38 3.72
Modulus
Dynamic Elastic GPa 272 4.80
Modulus
Static Poisson’s 0.36 0.36
Ratio
Dynamic Poisson’s 0.36 0.36
Ratio
Static Fringe KN/m-fringe 7.20 215
Value
Dynamic Fringe KN/m-fringe 6.70 20.7
Value
Density Kg-sec’/m*'  122.00 122.0
Dilatational Wave m/sec 1960.00  2590.0
Velocity

Distortional Wave m/sec 910.00 1210.0
Velocity

Plate Wave m/sec
Velocity

1620.00  2140.0
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Polycarbonate D-P-06 WL-RDCB | 6| 35 | 158|224 | 46 | 25
Polycarhonate D-P-10 WL-RDCB | 10 | 45 (164 |216| 46 | 25
Polyester Resin D-H-05 WL-RDCB | 5| 50 |1401225| 35 | 25
Polycarbonate S-P-(]_B SEN 6|30 | 98 EJ 20| 6

Fig. 2. Geometry and dimension of specimens ; (a)
Wedge loaded-rectangular double cantilever beam
(WL-RDCB) specimen. (b) Single edge notched
(SEN) specimen. (c) Dimension of specimens(unit :
mm, T : thickness).
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Fig. 3(a). Dynamic isochromatics in 6mm thick polycarbonate WL-RDCB specimen.
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Fig. 3(b). Dynamic isochromatics in 10mm thick polycarbonate WL-RDCB specimen.
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Fig. 3(c). Dynamic isochromatics in 6mm thick polycarbonate SEN specimen.
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Fig. 4. Calculated strain, fracture, kinetic and total energy as a function of crack propagation length ; (a) Polyca-
rbonate, 6T, WL-RDCB specimen. (b) Polycarbonate, 10T, WL-RDCB specimen. (c) Polyester resin, 5T, WL-

RDCB specimen. (d) Polycarbonate, 6T, SEN specimen.
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E #9EAE YA o AAAGH

. BA TAARANF oF 1dps7h

ol A9ng v Zg s & 7
ek w3 AAH AFS HHEA F4 &
A SE 5MPayme] 53 FIANAJLAXNE AlF
o2 ZHNEsle oF 0.8MPay/me] ¥3 FIAA
AARE ZHAHT AA Hole 5L T2A
ARJANAX ZRE MM At oF 0.4MPa m9)
A FERFANLAE A" o] Alx FH
FARAAJNAAA 7 B FEPAJPA L I <F
2u)7} g AMES & F Uoh

(¢) : ¥ 5mm Polyester Resin WL-RDCBA]®H

=2|H A16d A43 1992d 79

9] B¢ 53 Fdo) AN F oF Hpsol A 13}
TARAE dogon, AdMAF oF bus7tA=
A SHINASFIE AN ARG Ee s
AAES 2 ol FRE 13 FEAAE Yo A
ANAAE AH SHGNAFTE FHA ARG
$o e 7S & F k. ATA 7] e § A
Y 8AlSE 0.35MPay/me] FEAANAEAE
Ao g g AFs 13 #FAA 7 dojd ol F
°F 0.175MPay'me] 53 #EAAINAAE 2AH
o AHQ 749 YT FIAMANQNEAZRE AMA
3 Zaste] AR 2 <F 0.123MPay/me] 3
TEAAJPAE ZAES & & Ut o] Afole
2 #IARAANGX ) A FARAJALA S 87}
1.40)9 Polycarbonate 2t} e g8 Jehda gl

395



o4y - BT

t}.
(d) : 57 6mm Polycarbonate SENA|H ] 7§
o B3 Fdo| AFRAZ F oF 114pso A 13}
FIRAE Qegon, AAMAl F oF 30us7HA=
54 AgPAS7 AAQ AR ¥ & vt
A 5] 31 30~56use] AGAIZHERHS B3 3-8 H)
A7t AA A$Rt 225 WL-RDCBAJ#H
ZA%-ole g 56ps ol FRE 13 TIEFAE 42
71 AGAAE B8 $FBUASFE FAHA A
oxh e ge HES ¢ & Uk 53 794
Azt }E EA $sgASE 7.7MPayme]
A FANAIAENE AR FHPFsY &
2.4MPay/m¢] 52 #4RFAJAAXE A=Y 3

Aol A% FLF FIMAJAPZFEH A3

£ 600 1002
< 480 & 80 %
- g
= =
§ 360 —7 60 2
g bt g
& 240 ¥ a0 g
= f ‘ ® : Dynamic crack propagation velocity -
£ © : Dynamic crack propagation length 8
5120 v o = 208
2 L g
e ! 2
S0 e 0 &
0 80 160 240 320 400
Crack propagation time(us)

% (@) €
E 600 K Dylnln'm crack wov’unaﬁw velacity ® 120 \E
g 48[; (O . Dynamic crack propagation length H 9 G g
: i F
£ 360 g
g g
& 240 % = 48
S120 %g
E

E 0 0 g.
S "o g 180 240 320 400

Crack propagation time(us)
)

a8t 12 FERHA7L ot o] FRE = I
%<l °F1.5MPay/me] 33 FIAAJNEXNE 2H
25 ¢ 4 Uk o] g9 T4 @AM
3 FERADEA S vlE 160t} od7]lA
Fig. 5(a)(d)¢9] Z#& vjwste] WA Polycarbo-
nate?} AN = AR Fgolvt 7] F
A gdAIIAAEA 2] 271 #AEYE AMLE
% 4 Sl

Fig. 69 INSAMCR Z 23] 23] ==
T3 d4AgAZ UE 54 ddAgAZS F
3 A&t 248 Uehidch. Fig. 6(a)
(b () (d)e A7AE 2A &3 2 FFS & F
st} (a) . F7 6mm Polycarbonate WL-RDCBA]
Hol| M= Fdo] AAAAIF F 150psol A &, T

f; 600 | 60
E ® : Dynamic crack pmpqm"nn velocity °°a°°‘ \-F:
g 480 T~ O : Oynamic crack propagation length oou"'ﬂ 48 E
~§- o°° g g
S 360 oou"° BE
g ot g
x 40 !-‘i J—\._ s
2l L \ 125
g 1 u L-\ s
& pi& 0&
] 60 120 180 240 300
Crack propagation time(us)
@ () _
£ 1.5k T—— 120 &
\é{_ (3  Dynamic. crack propagation velacity B
8 (O : Dynamic crack propagation length o8 ;
sl = 9% E’
5 o° [ s
s 900 rada 72 -8
s °o° oor \ g
] o® &
5600 % = 48 5
o 300 39> 24 s
g L g
& 0 0 s

0 40 80 120 160
Crack propagation time(ys)
(d)

200

Fig. 6. Predicted dynamic crack propagation velocity and dynamic crack propagation length as a function of crack
propagation time ; (a) Polycarbonate, 6T, WL-RDCB specimen. (b) Polycarbonate, 10T, WL-RDCB specimen.
(c) Polyester resin, 5T, WL-RDCB specimen. (d) Polycarbonate, 6T, SEN specimen.

396

Polymer (Korea) Vol. 16, No. 4, July 1992



Polycarbonate} Polyester Resin®] 52 ddd &9 54 SH&YAF

= 600

E

E Satesess

< 360

2

g Mrw

2 120188 %L

=] g

E oo

s 0 04 08 12 18 2

Dynamic stress intensity factor(MPay/m)

(a)
‘= 600
E
ey st
E i ssese
§ 360 sios @
w SH -4
4 343 3
g 240+
Q. R
2 10 LRSS
HH
K] :d
§ oL
& 0 1 2 3 4 5
Dynamic stress intensity iactur(MPa\/ﬁ)
(b)

Ze00
Zz
‘8480
S
g 360 mj‘:
b= M
20— :
5120 $
g o b
s 0
0 01 02 o w 05

Dynamic stress inzensity factor(MPay/m)
t)

E 1.5k

E Qo

él.Zk

>

"%900 0305 RHRH

g 4 K i88220ees

=3 » ) teSelades

So00 4 1e8s!

5 300153

u

5 0

S0 2 4 6 B _ 10
Dynamic stress intensity factor(MPay/m)

)

Fig. 7. Relationship between dynamic stress intensity factor and dynamic crack propagation velocity ; (a) Poly-
carbonate, 6T, WL-RDCB specimen. (b) Polycarbonate, 10T, WL-RDCB specimen. (¢) Polyester resin, 5T, WL-

RDCB specimen. (d) Polycarbonate, 6T, SEN specimen.

AoAE7b oF 50mmel HolM TH FEe] 1273
A& Hrizt oA AshAI G F 350psoll A F, FH
AQAGAE 7} oF 90mmel AN FFH FIol
233 APk AHEE & F Aok E=F 77 6mm
Polycarbonate WL-RDCBA| Bl e 54 s}
2 o] Hox|7} o] A 89 Dilatational Wave Velo-
city C,(1960m/s)2] <F 256% < 490m/sH =2 e}

om, (b): 574 10mm Polycarbonate WL-
RDCBAHe] ¢ C, 2l 25.8% 2l 505m/s, (¢) @ %
7 5mm Polyester Resin WL-RDCBA|H 2] 739
C,(2590m/s) 9] 11.4% H=<1 295m/s, (d) : 54
6mm Polycarbonate SENA]H 9] A% C,9 62.8%
Q1 1230m/sd& & & Stk

Fig. 7 INSAMCR Zzagoez M3 53

Ez|H A16d Al435 1992 79

FEATEE Wl W FF FHEYASE
Wtk vebd Zeith, dlojebrt Axd 7
A3t =G Aed HFAA T o2 vehg
L & 49y o)A Fn2 T 6mm ¢ 10mme)
Polycabonate WL-RDCBA|#H o] 54 FLAHZ|UA
A7t z+zb g 0.28+0.18MPay/m, 1.0+0.5
MPay/m%# 57 5mm Polyester Resin WL-
RDCBA|¥ 3 %7 6mm Polycarbonate SENA]
He] 1 FEHFAJAER7E 24z} 0,085+ 0.065
MPay/m, 1.5+0.9MPaym%2 ¢ + slch

%} 2
Thermoplastic) %1 Polycarbonate$} Thermo-

397



setz] 291 Polyester Resin 52| 53
=4 Bagayn 53 e
[e}

=
v aTe) el A Tt 2o A8

I i e
o B

32
32 0

w 2opg o £
o

4 =

)

A Re) $4 FEPANN
AgAE Agel Asksra Fdolt
CEEPREEERIEES S

nRAREe) 1 FEAAEES
Aol 7skeA B4, o

e ol
i

oMoy oS

i rlo

Lo o

)
=5
<
=}
[¢]
-
Lo
of
Y
o

ofN £

of

P
P
e
=
o o
'S
of
o =
HUF‘E‘
X e
2
3
oo
£
dr
T
-~ &
NZ"N
o4
ml::ﬁ
;
-lrfg
o,

e w ¥ =R st 90 Avt
7]% 78] %] 9 (901-0910-013-2) of] 9} 3} 3] &)
Qe ol A=t

3 2 & "
1. E. H. Andrews, “Fracture in Polymers”, American

Elsevier, 1968.

2. ]. G. Williams, “Stress Analysis of Polymers”, Ellis

Horwood Limited, 1980.

3. o]l Y, QY TE3I A, 3, 40~49 (1986).

398

l:‘l - 3kl

ol

4.

10.

1L

12.

13.

14.

15.

A

0. S. Lee, et al, KSME Journal, 1(1), 65~69
(1987).

. 0. S. Lee and J. H. Williams, Jr, Materials Evalua-

tion, 49(3), 351~355 (1991).

. M. Ramulu, et al, Experimental Mechanics, 4,

344~353 (1985).

. A. S. Kobayashi, “Experimental Techniques in

Fracture Mechanics”, pp. 126~145, Society for
Experimental Stress Analysis, Westport, Connec-
ticut, 1973.

. J. W. Dally, et al, Experimental Mechanics, 12,

441~448 (1978).

. T. Kobayashi and J. W. Dally, “Fast Fracture and

Crack Arrest”, ASTM STP 627, pp. 257~273,
American Society for Testing and Materials, Phi-
ladelphia, 1977.

A. Shukla and H. Nigam, Engineering Fracture
Mechanics, 25, 1, 91~102 (1986).

A. J. Rosakis, Engineering Fracture Mechanics, 13,
331~347 (1980).

J. W. Dally, W. L. Fourney and G. R. Irwin, Infer-
national J. of Fracture, 27, 159~168 (1985).

S. N. Atluri and T. Nishioka, International J. of
Fracture, 27, 245~261 (1985).

W. F. Riley and J. W. Dally, Experimental Mecha-
nics, 9, 27N~33N (1969).

olojA, &uly, 7| AEE =83, 13(5),
947~951 (1989).

Polymer (Korea) Vol. 16, No. 4, July 1992



