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CRACK SPREADING IN VISCOELASTIC BODIES
WITH ACCOUNT OF AGEING MATERIAL
PECULIARITIES

V.M. PESTRIKOV
Institute of Mechanics, Kiev, 252057, Ukraine

ABSTRACT

The mogel representation of the fractiurs proceas in
viscoelaetic body with the crack is based on the choice of the
rheologiocal material model,on the desoription of the erack
modsl and on  the fracture criterion which B  zonnected
with the crack initiation. For the deseription of the
rheologioal peculiaritiss of the natural ageing materials
Arutyunyan'a (1952 Jhersditary theory of ing was chosen and
it was grounded by the ezperiments. From the eritsria of COD
and Fneues (1570) the squations of the crack growth in
visooelastic materdale subjected to aging were cbiained.

igeing, orack, fracture,oriterion COD,Ensuss critsricn.

The Rheclogioal

of the Material. For the descriptioncf the

stress in deformation condition of the age viscoelastie body
we ume Arutyunyan (1952) hereditary theory of ageing. The main
eystem pf this theory aquations differs from the aystem

squations of ths theory of hereditary non-ageing bodies by only
the group of egquations whish establish the dependence between
the atress and deformaticns with time,i.s. Theclogical
equaticns.In the hereditary theory of ageing we use the integ-
ral operators with the kermels of non-deference type. In this
theory the rheclogical eguatione may be expressed in the form

8, (£)=20 1, (%),

(1)
0, (4)=3K &,, (t),
where G and K are the linear integral operators of the form
t
K&, (t)=K(t) &,, (¥) + [R(t,T) &,,(1) AT, (2)
t

1

and E({t,T) i the areep kermel cof ageing visocelastis material.
Usumslly,the creep kernel Ki(t,T) in the equaticn (2) can be
written in the form

a 1
L T [— « C(1,1) ] , (3)
at L EBi1T)

where E(T)is the medulus of elastiocslly currert deformation and
2{t,T) ir the measure of oresp in ageing materdal. The measure
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of creep C(t,T) in this theory can be written in the form
¢(t,T)= @(T) £(t-T) , (4)

where @(T) is the function of ageing material,and f£(t-T) is its
hereditary qualities,

This theory can be used for the most wide-spread ageing mate-
-rial in the industry,for example,for the concrete. The author
didn't know about the experimental control of the theory of
hereditary eing for polymers and composites on their base.

So the experiment was carried out in order to investigate the
influence of natural agei on the characteristics of rigidity
»and long-term crack resistace of the triacetate film of

4 ages (3,8,16,23).

The influnce of agei on the characteristics of rigidity.The
limit change of rigidity Oy and limit deformation under the

tension £ were investigated on the set of showel samples (6

samples in each set),the dimensions 250x15x0.18 mm, the working
part 170 mm. The analysis of the obtained results showed that
the 1limit rigidity of the triacetate film increased steadily
with the age and for 20 years it increased approximately by
25%.The 1limit deformations & _,obtained for the triacetate film
decreased by 60,3% for 20 years. The decrease of € _under
natural conditions of ageing for polymers and composites P on
their base was marked by a great number of investigations.The
investigation of Youngs modulus for the triacetate film

showed that E inereases steadily with the age and comes nearer
to its 1imit meaning E_,in the old age. In the given
investigation it was
years increased by 22%. For the description o: the dependence
~of Youngsmodulus from time we use (Arutyunyan 1952) equation

B(1)=E, {1- p exn(-an)], | (5)

_where T is the age of the material,E_ ,f,0 - are the constants.
For the triacetate film the meanings of the constants in
formula (5) are the following $=0,16,0=0,03 and E  equals Youngs
modulus at the age 1T=23 years E  =5456 MPa. The  maximum
declination of the experimental data from the meamings in
formula (5) doesn't exceed 3%. The creep of the triacetate
film was investigated on the plain samples 298x25x0,18 mm.

The ereep locus for four ages are shown in Fig.1.
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From @he analysis of the creep locus it follows that the mate-
rial in the young age has more deformation than in the old age.
The qualitative ¢ e of the oreep deformation coordinates
with the results of the tests on the creep of oconorete by
Arutygnyan (1952). The obtained experimental locus are
described by the degree of creep C(t,T) in the (Zevin,1973)

t
C(t,’r):[C+Aexp(—p.T)] [94(-B,t-€) dk, B0, o<act, (6)
T
where Ba is Robotnov function,A,C,u,B,0 are the rheological
parameters of the material,defined by the experiment.

Summarizing the obtained results we ocan make the follow
conclusion, for the description of the rheological properties of
the natural ageing polymers and composites on their base the
hereditary ageing theory can be used.

The fracture pecularities of ageing viscoelastic materials wijh
he cracks. The critical meaning of stress intensity factor K
for the experimental materials was defined on the samples °©
296x40x0,18 mm with the central crack. Three group of samples
with the cracks 5mm,10mm and 15mm long were investigated. For
each age of material 6 samples were taken.The critical meaning

of stress intensity factor was defined by the formula

K, =0 ¥l sec(ml/2b), (7)

where O is the fracture stress,l is the semi-length of the
crack,2b is the width of the sample. The analysis of the
obtained data showed that the critical meaning of the stress
intensity increases with the material age and in 20 years,
it'1ll equal approximately 25%. Such increase as we'll show it
further,leads to the subtantial deorease of the orack growth
speed. The specific’ surface , energy Y was defined by
the experimentally found Kc and E from the equation

*2

Y=K_°/2E. (8)
In 20 yers 7 increased , by 25%.
The defined meanings of Kc,ob and E allow to estimate the
influence of material ageing on the value of the pre-fracture

area in the crack tip. For Leonov-Panasyuk-Dugdle-Barenblatt
crack model the length of the pre-fracture area is

—*® a2
d=nK /807 , (9)

where 0, is the 1imit of brittle rigidity. In this paper we
consider that 05=0, - The analysis of the obtained result shows
that the value of pre-fracture area decreased with the age and
in 20 years it decreased by 6,5%. Taking into account the
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diffioultiea ip defini experimentally the orack-tip op
displacement th= a:al.?];%a ol thinm charactapigtie was done. We
found that & decraazas ne iginly with the 822 and haa the
incidental “sharacter,as is defined from the ip Teot
pariments by the meanings Cof three characteria
Therefore ws may ocnsider that for the given materdal & °
doesn't o praotically with the age.Tne looua of ©  the
Bubcritieal opack ETCWTh is built on tha base of the axp
®ith the centram] eracks, 10 mm long in the Samples 298x40x
¢, 18 mm. In Plg.2 it is shown the Tgoug of the suboritiaal
CIROK growth of the triacetate rijp of different ages when
the external Igag P=23,6 MPa and the initial stpress intensity

factor HIG=3,E ¥Pa x m1fE.
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Ths analysie of the experimsntal datg showa that the
incubation and nr ¥ Periods haws congiderably leag tims
interval (1 2eo. ), than the main pericd, The prask greed with
the age of the material deoreages, The approximate spead of
c2rack growth decremses by 10°-19% times for 20 yearg of .
The decreasing of spead can phe explained by the Procceases af
ageing taking plaoe in the material whioh lead to the
inereasing of g, ang Tv::. In order to expiain Bome aseumptions
w2'll analyse the results cn the beme of the 2quation of oraok
growth in visocelastia material obtainaed by Rostrov and Nikitin

{1570} on the base or Leonovw-p ~[ugdale—Barennlatt Srack
model. We'll write thia equation for the orack growth {n
visocelastia ageing material or the same zge

1
(K, /Er 1P=14(408)/ 1(4)) [ Rtdit)e / 1(t))P(s) ag
O
where Hid(t)a / 1(t)) in the areep itgmﬂllg: ia the oritioal

+ (10)

F
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i displacement in its growth may
Crack Model. Fracture Criteria. The comparison of the of the crack opening P

; tion work in the crack tip. And
heoretical and experimental results shows that they coincide ! Oonslngi‘ed f.af’omtgfe 2;§ggylacoinoeption we'll come to Knauss loo?l
qualitatively and in some cases quantitatively with thé results iy ngiter{on(197o). In comformity with the given type o
for polymers and composites on their base, though the prognosis er}ergleIB'tio eing material,and the crack model this
of the process of orack growth is based on the rather idealized ”'?‘{“iﬁn m a%e written in the form
model (Pestrikov ,1982). This gives the reason to use Leonov— Grases =d

Panasyuk-Dugdal-Barenblatt orack model in our further

experiments. Let's examine the orack growth in the viscoelastic L(t) . (15)
body with account of the peculiarities of material ageing using fo 9_tp 12 o(x,,1(t))1) dx,=2T 1(%t),

COD orack oriterion (Knauss,1970; McCartney, 1977,1973). T 1

Using ktxhe :ﬁperimental data let's examine the most unfavourable 1(%)

case when e ei influences eatly the rheological . 3 -diference creep
material param:;‘%e;gg while the paxg';neters of solidity a%d crack where T, is the integral operator with the non o
resistance ¢ e a little and they may be considered as kernel of the form (3),L(t)=l(t)+d(t)v¢(x1tl(t)) is the
constant (Pestrikov.1986).The equation of the macrocrack growth

(d<<1) using the criterion COD for the given type of ageing function of geometrical and force parameters.
visooelastio material may be written in the following form by

: i i teadily
the circumferential zone inoreases 8

anology with Kostrov and Nikitin (1970) equation Ft‘g: ggiegiigﬁegperation in the region [O,%égﬂvgngetggt the

t actions of the clock operator T  are °9"““mi1 (15) and we will
ion of orack wth from ' the criterion
8,=8[1(t)1 + [ R(t,T) 61(t),1(1)] dr, (12) equation of orack gro .
' 1,/1(8)=1+(4/3) (d(£)/1(£)) (@t)/a(£))+F(1,1,7,a), (162
where t' is defined from the equation 1(t)-1(t')=d(t) a) is the form (14).

6[1(t)]=(8T00/7l2)1(t) 1n Seoavﬁ[l(t)yl(’f)]=(2TOO/'IE)¢[1(%),1(T)], 1 where F(1,%t,T,0) 1 .

. ; by two oriteria.
©[1(t),1(T)]. is the function of geometrical & force parametrs, | The Analysis of E_c‘;_%tlonskof tg‘éhc?:gﬁlg?lg;ﬂ;mm Knauss
a(t)=mp(t)/20,p(t) is the value of external load,0 is the | The equation of microcrack gro ) . —
normal etress in the pre-facture zone.Having solved the oriterion(1970) differs from the equation resulting from
equation (12) for the viscoelastic analogy of Griffith's task !

with account of linearizat

ion of 1(T) and a(T) function we have ‘
the following equation

- : 1(t)a(t)]. It is
i i by the value A=4 d(t)a(t)/[3 1(
%;Eﬁr;ggigrgll{ha%f this dirggrence Eg:slgéggetﬁglgq:ggriozg have
| iable loads. Under the cons
(13) t(%?nc‘{?: lafully.'Phe: di ha.rgstgg gf‘ggisggggzh rgg:.%gf fgﬁlils
: : A a
e gggs:ngrtﬁgriggesgggy is less than in case with COD orﬁirion.
) v This may be exlained by the I%ot that zhihgq\_;gﬁigriogeg 08 -
) 1 | oriterion takes into accoun hara
B Ta)= [R(5,1)0, (p)AT +{2(a/a)+(1/1)1fR(5,T)0, () (T-t)dt + S e 1 The Drosess of crack g§°§ti¥ii§31 the equation
' ' i 0D coriterion it is ver i ,
t i ggi‘élurtlﬁhgggmcharac cteristics because_there_a is the I%m‘iigi}:;;n
2 : t on the critical meaning of crack opening displacemen
. ) 1 : : 2a i =oonst.
+[ (av/a) +2(0L/0'.)(l/l)]fR(1:,T)<I>1 (P)(T-t) 4T +(a/a) (1/1)fR(t,T) its growth O

‘ trov
' ! o dg . I express my thanks to Prof.B.V.Kos .
t ' A;?OWI\?.N?.E?.?E:,PNITVPV.G.Knauss,Prof.L.N.MoCartney ontglgagg
) worké I have made the reference. I exprese al§o K;xllymgrat )
¢1 o ey (14) to Dr.A.V.Manzhirov and the late academician N.Kh. yuny

i rt in my investigations.
l,='lCGc/80TO(q /2), .1, is the oritical crack length. ! Who gave me Suppor my
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