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ABSTRACT

The analytical dependencies are presented for the experimental determination

of stress intensity factor, taking into account the effect of anisotropy of the
elastic properties. Test results on crack resistance of the specimens under ten-
sion are given. The analysis of the function effect, taking into consideration
the anisotropy of elastic properties and the point of applying the tensile

load on the crack resistance values is presented.
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The critical normal stress intensity factor ch can be determined by the li-
near fracture mechanics methods by the experimentally measured load value,
corresponding to the moment of crack opening PC under the specimen monotonic
static tension. It is expedient to take into account the effect of anisotropy on
the material elastic properties while determining ch’ as the field of stresses
near the crack tip, entirely described by the stress intensity factor depends

on the anisotropy of elastic coefficients.

A quantitative analysis of elastic properties anisotropy effect on crack resis-
tance under tension of the structural polymer specimens was carried out by the

authors.

The analytical dependencies have been used for the determination of the normal
stresses intensity factor Ky . . in infinitely orthotropic body with the central
’

crack.

Taking into consideration the function of elastic properties anisotropy )’ and
the effect of the function of the ratio of notch length to the specimen width
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whers H = the ratia of the specimen length to the naotch length Za;

Y (A}, the expressicn for B in the case of plane stress state has the fol-
: - the toots of the characteristlic equation, having the Form:

lowing form: R2
e - B kY [’ i a ;_ n g /I & n =
%1e,0 = (B/tffa ) F-¥ (A) (1) ,-;é? I’"‘ @y * e ? thss =80

where P critical tersile load, correspording to the moment of crack opening;
bt = specimen width;
8 = half of the central notch lemgth.

il E ;
Qu=Lfty, a,, "f/fh Qra= gt Oy, ea 1/Exy,

where ES'"EI - tensile elasticity modulus respectively, in the oriemtatloms
P qualy
8 T
Hor ki
¥ (1) - the function, teking into account the ratic of the notch length Za
J to the specimer width iz defined by the expressiom:

Y(A) 4,270 +02277 - 0 510)%+2 70043
"'-..} Ig%""'f The critical normal streszes intensity factor Klr.,n:. withoot the accoumt of the
fa|

elestic properties anisatropy is determinad by the Eormalas:

=
Kic.m ‘% o at g -é;ﬂ- £ 0,25
d 3
1 E 7 i
Vg Y  aj=-3% o
l The normal stresses intersiby factors ratio, determined by the formelas (1)
P ard { 3 ) are as follows:
Fig.1. Dimgram of the cracked specimen. B o M e.m ™ ATy Qe A0
(&)
The function, describing the snisctropy of the specimen elastic propertiea, B e - 20T ot J_ s 0,75
Ly z fi lc,a‘f le,m jﬂ .-1”? . L 2
the calculated diagrem, given in fig.1 is determined by the expressica:
_21”-_055{;@; ‘(,?‘f = ?._‘E) (2) The sbudy of elaatic ;rm?-ertie.ﬂ. anizotropy eEEe_c:I. on the c.:zuc.bdng resistance
‘f: 572, 2 R TTT] T = #" + parameter K, under tension was conducted for four types of structural CERF,
V2[1+(2 855, HAT[B 9, H* 1+ BP9 f 2 1|2 45%] ] based on the tape and tow Fillers.
+ &= ggc;f{?;ﬂf?; = :}-‘Ej The mechanical properties of these materials necessary for the caleulation are

V‘Eﬁ‘*fffgjg/?jf?‘%'g*?Egﬁg-ffﬁ:ﬁéeﬁﬂﬂfpéﬁf -?- listed in table 1.
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Table 1. CFRP Elastic Properties. 1 2 3 4
Material E - 107 E_»1073 G, - 107 3 0,24 0,196 4,7
e P P H v 0,25 0,204 4,6
1 2 3 4 5 0,26 0,212 8,0
' 0,30 0,243 8,6
Material 1 1,20 9,35 6,50 0,265
(KMU-4e) i 4 0,24 0,204 0,9
i 0,25 0,213 0,4
Material 2 1,25 7,72 5,20 0,330 ] 0,26 0,221 4,1
(kMU-9TB) 0,30 0,254 4,5
Material 3 1,25 5,90 5,10 0,450
(KMU-6-36)
' The highest value X is obtained for material 1 and it is about 20%. For all
Material 4 1,40 7,00 5,20 0,420 i considered materia}s value X is minimum at/" = 0,25, i.e. in case when the notch
(kMU-9) length is 25% of the specimen width.

R S

The lowest value of J’ = (0,4 + 4,5) % was obtained for material 4. In this case
the ratio of the elasticity moduli in the orientation of the major ordinate axes
Ey/Ex is equal to 20.

me/(/%/m?/l:mz a H.{C/(/Z’/WCT? o/

The effect of elastic properties anisotropy on ch value can be estimated by
using the relationship:

X =(1- ch,o /ch’m)- 100 (5)

ok Ao - SR ANS li c

The specimens with the sizes: L = 240 mm, d = 40 mm and the thickness of about
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2 mm were studied. The effect of elastic properties anisotropy on ch value is ‘ .,0 “4
shown in table 2. :
Table 2. Values of %Y function and X value for the studied materials. ‘
§ _\—\ 4
Material A=2a/4 70 J, % | 2 /—:
{ 9 3
1 2 3 4 i ‘\ 13 2
{ / 1
1 0,24 0,172 16,4 i t'
0,25 0,179 16,3
0,26 0,185 19,7 i
4 \
0 0 { /—-
o o e | N I \ . 2
2 0,24 0,1% 5,7 | -3-2-4 0 {1 2 3 b -3 -2 -1 0 4 2 3oy
0,25 0,202 5,5 !
0,26 0,210 8,9 * Fig. 2. The results of calculations, depending on load
0,30 0,240 9,7 1 application point for the right crack tip.
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Fig. 2 a,b shows the plots of K, D;’[Pcfp'ﬂ‘?"}l variation, depending on the tenm=
-y
sile load application relative to the cracked specimen lomgitudinal axis (fig.1).

The following specimens sizes have been chosen: 4 = 240 rm, d = 40 mm, ] = 0,25.
Fig.? a corresponds to the case of the crack position parellel to the y axis, end
fig. 2 b - parallel to the naxis.

The use of % FAmction, taking into account the elastic propertles anizotropy of
polymeric composites, resules in a decrease of cracking resistence ch parameter.
Hence, the relisbility of the results for calculating the structures of anisotro-
pic materials basing on the lirear fracture mechenicz is increased. The results of
the wark can be also congidered as an improvement of the existing epproaches to the
engineering estimation of the materials cracking resistance.
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