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EXTRAPOLATION OF THE STRESS INTENSITY FACTORS BASED ON DISCRETE
EXPERIMENTAL RESULTS.

F. Thamm X

The stress intensity factor (SIF) is defined usually
by following formulas

K= kIGb VZaW and K= Ky 7; VZéF

for fracture-modes I and II respectively, with the
full or half crack-length a , the "far-field"
stress Gbor T, and a dimensionless quantity k
depending on tRe boundary conditions. It is shown,
that the actual influence of a upon the SIF is
diminishing with its growing value and in many cases
the SIF depends practically on the far-field stress
only. This makes an extrapolation method possible
which is checked by two photoelastic experiments.

In linear elastic fracture mechanics the stability of a crack is
governed by the stress intensity factor (SIF) [I]TZ]. It is based
on the Westergaard stress function with complex variables, which is
derived for the case of a crack with the length 2a in an infinite
plate loaded perpendicularly to the plane of crack. In case of the
traction in the y-direction this can be written as follows |3

_ Z
=06, =" D)

° ’ 22—82

with the complex variable z = x+ iy and the far-field stress 65

The development of the stress components © ,®and T_, as a
function of x and y leads to complicated exﬁres%ions xy[4] and
therefore the practiice restricts itself to obtain approximations
for the region around the crack-tip. These well-known equations
contain the SIF in the following form (for fracture-mode :

K = KI=6; 2al (2)
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For other shapes of the cracked specimen the SIF-s can be obtained
theoretically or experimentally and are usually written for the
fracture-modes I and II in the following form:

K= kp 6, F2aT 5 ﬁf=ﬁ17572ﬁ‘ (3)

with @ _ and 7= the far-field stresses and a a characteristic
crack-18ngth.

Egs. (3) can create the impression of a tight dependence be-
tween the SIF and the crack length. But as kI and k;; also depend
on the crack-length, actually in many cases “k.¥a £Ed kerpa
can be more or less independent from a . In faét the formuigs for
the stress distribution can be derived also from the stress-func-
tion [5]:

7 = 7= (4)

~’2Wz

in which the crack-length a does not appear and K only depends
from the boundary conditions. If the crack-length can be consid-
ered as "infinite" against the region in which the stress distri-
bution described by (4) assumed to be valid, K 1is only dependent
from @_ or T respectively. If the SIF belonging to a far-field
stress or is obtained by some experimental or numerical
method, %ﬁe equieglent value for different boundary conditions in-
cluding different crack-lengths denoted by the subsript o can be

written
1:
G;oz 02
Kip=—Kp; and  Kipp = Kypp— (5)
To1

12°
Oo1

The estimation expressed by egs. (5) seems to be very rough and
should be restricted to "similar" cases, when only the crack length
varies leaving all other boundaries of the specimen unchanged.

Even in this case doubts may arise about their justification and
therefore twodimensional photoelastic experiments were carried out
for their verification.

Isochromatic fringe patterns were taken from the models with
different crack-lengths and the SIF-s were evaluated by the tan-
gent method described by Ruiz [6] for fracture mode I (F ig 1.)
K; is then obtained from the slope of the distribution of 67- GE
anng the y-axis plotted over 1/} 2Ty . As shown by Schroedel
and Smith [7] for small values of 6y the plot is practically
linear and thus enables the addition3! evaluation of 6;0.

For the evaluation of K;; the method of Smith ef al [8] was
used as shown in Fig.2. The 5istribution of(G; - 6‘) - 2Tx along
the x-axis was plotted gver 27'x. The value %f tge curve at
point x = 0 yielded KII .
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The specimen used for the determination of K, is shown in Fig.3.
The crack was initated at point A and a serigs of static experim-
ents with different crack-lengths along line AC were carried out.
Two of the fringe patterns are shown in Figs.4. and 5. The exper-
iment with crack-length a=40 mm was taken as the basis of the ex-
trapolation. The far-field stress was calculated elementary for
traction and bending with the ngtations of Fig.3.

___F 3(h+23)!
G;g b v(h—a)[ 1 +5h-a) (6)

Fig.6. shows the measured SIF-s(full line) and the extrapolated
values (dotted line). As seen from the figure, the agreement be-
tween the measured and the extrapolated values was Very satisfact-
ory for the region' a = 10-50 mm.

The specimen for the K _determination is shown in Fig.7. The
cracks were produced from Bgth sides along line AB symmetrically.
A series of fringe patterns is shown in Fig.8. Aa the evaluation
of the far-field stress is som,ewhat uncertain in this case, an
evenly distributed shear stress along the cross section between
the crack-tips was taken into account a far-field stress by the
formula F

= — @)

©  v(m-2a)
The measured values of K 1.are plotted against the crack-length in
Fig.9. and are drawn wit% full line. The extrapolation based on the
measured point at a=7,5mm is shown by a dotted line. The agreement
between measured and extrapolated data is much worse than in the
previous experiment which may be connected with the uncertainity
of the assumption of the far-field stress as mentioned above. Never-
theless the trend of the measured and the extrapolated curve is
similar which gives som hope for a better extrapolation approach
perhaps like the analogy introduced by Herrmann [9] . It is desired
to continue these investigations to get more detailed knowledge
about the applicability of the extrapolationmethod described.
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Fig. 1l The tangent method for F i g . 2 The mtehod of evalu-

evaluating.of SIF K; from the ation of the SIF K, from the
photoelastic isochromatic fringe isochromatic fringélpattern,
pattern as the slope of the dis- extrapolating the distribution
tribution of ( Gi— G}) over 2

1/’/2,")/ (61—6'2) 2TTx to x =0
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a=10mm
F=1014,7 N

Fig . 4 Isochromatic fringe pattern of the specimen in Fig.3.
for a crack-length of a = 10 mm

// a=75mm
F=180,35N

Fig .5 Isochromatc fringe pattern of the specimen in Fig.3. for
a crack-length of a = 75 mm.
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Fig.9 The SIF KII plotted over the crack-depth a .

Full line: measured values
Dotted line: Calculated from formulas (5) and (7) based on the
measured value at a= 7,5 mm.
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