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Abstract. The paper presents the results of experimental investigations of the crack propagation process in thin-walled elements
made from optically active materials (polycarbonate), making the visualization of the field possible isochromatics at the front of the
crack. Influence of the orientation of principal directions was analyses An experimental investigation of thin-walled plate with
circular and rectangular cutouts subjected to cycling shear loading was made. Using the photo-stress method, propagation of the
crack and the field of isochromatics were recorded over time. In parallel, the areas of initiation of fatigue fractures were identified.
The results presented in the paper constitute a fragment of a larger process of investigation of thin-walled structures at the
stress pattern in conditions of fatigue crack propagation to failure.
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Numerical and experimental analysis of
stress field on crack front zones
Properties determined on the basis of the
experiment of the material are determining the form of
constitutive equation.
In accordance to the above-mentioned assertion,
properties of the material and size of the plastic zone in
proximity of the crack are determining the criterion of the
option of accepted constitutive equation [4, 9].
Processes of brittle fracture with taking linear and nonlinear equations of the theory of elasticity into
consideration were being described in the few papers [9,
13]. In case of polymers an application of viscoelastic
equations is necessary.
Using the same assumptions as above, it is
possible to consider the problem in such cases when the
plastic area of deformations is not large. Generally, we
apply the theory of plasticity if the stress field on the
crack front needs to be determined or if the plastic areas

are too large. Magnitudes of plastic areas can be
determined using either numerical or experimental
method (for example the photo elastic method).

Photo-elastic investigation
In order to investigate the influence of the
position of the crack on the stress field around the crack
front, a series of specimens made from epoxy resin
material were prepared, in which the no dimensional
cracks (zero thickness) were executed in neutral state for:
b = 900, 750, 600, 450, 300, 150, 00 (Fig 1).
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Fig 1. Specimen scheme
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Photo-stress method was used. The results of
investigation are presented in Fig 2.

where: Km is the elastooptical model constant. In our
case, Km = 11.75 Mpa. Therefore, we can calculate

t max = 5.875 × 0.5 × m [MPa]

(3)

Fig 3. Maximum order of isochromatics versus
crack slope angle b

The
relationship
between
t max in the
neighbourhood of the crack front and angle of slope b is
presented in Fig 4.

Fig 4. Relationship between tmax and angle of
slope

Numerical procedure
According to the theory of elasticity the stress
components on the crack front can be determined as
follow [9]:
K1

sx =
Fig 2. Photographs of
isochromatics for six values of
angle b

The relationship between maximum orders of
isochromatics and the crack slope angle is presented in
Fig 3.
We can present the fundamental equation of photoelasticity for this problem in this form [9]:
m × K m = s 1 - s 2 = 2 × t max

t max = 0.5 × K m × m [MPa]
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For the specimen shown on the Fig 1.
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Fig 7. txy – contour lines
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and stress distribution is presented in Fig 8.
The stress intensity factor for the structure with
slope crack is presented in the form:

K1 = a × s p × a (4)

(8)

In accordance to above-mentioned dependence contour
lines of the stress state components, for the angle of slope
b = 900 were presented in figures 5 - 7.
Fig 8. tmax – distribution

Fig 5. sx – contour lines

Comparing results of the experiment and numerical
counts it is necessary to find existence full similarities in
received of stress pattern. Quantitative dissimilarities in
maximum values (12MPa - experiment, 3MPa numerical calculation) can be explained with existence of
the singularity on the crack front.
Increasing of accuracy of numerical calculation is
possible to receive reducing the analyzed area in
proximity of the crack front (Fig 9).
Effective stresses pattern in proximity of the crack
front are presented on the Fig 10.
Above-mentioned results were received using the
ADINA program.

Fig 6. sy – contour lines

Fig 9. Shear stress pattern in proximity of crack front in the
reduced area of calculation
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These results were obtained by FEM ADINA
program [1]. Distribution of effective stress in the
neighborhood of front crack is presented in Fig 10.

Fig 10. Effective stress pattern in
proximity of crack front obtained by
ADINA program

Fatigue tests of rectangular plate with cutout subjected to cycling shear loading
The durability and operational reliability of carrying
structures are conditioned by the character and quantity
the load, kind of material and geometry of structures.
Tendencies to increase fatigue durability of design
are persuading designers to search for new solutions,
where higher durability constitutes the results of
geometrically optimizations.
Taking into consideration of arising of the crack in
the design is the expensive and labor-consuming process
in the analysis of the durability.
Searching for the time of the life of the structures at
the stage of designing is returning designers' remark on
the chance to predict fatigue failure on the basis of model
examinations.
Applying plastics, in particular optically active
materials about programmed mechanical properties is
creating basis to tests, on the basis of which there is a
possibility to estimate damage.
During the tests, we observe the isochromatic field
growing in the process by crack, until it reaches critical
size.
The problem will be illustrated on a sample of
rectangular plate with a cutout in the form of square. The
plate is made with polycarbonate. During the test, the
structure was subjected to changing load in time.
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The results of the optical effect are presented in Fig
14 (a-f).

Experimental research
The object of investigation presents the tracing of
crack propagation process in time, from the existing
moment to the attainment of critical size, for which loss
of load capacity came into existence.
Geometry, method of fixing, and loading of plate is
presented in Fig 11.
360
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Fig 13. Station for the fatigue test
P=700 N

Fig 11. Scheme of loading structure

As we mentioned earlier, the plate was made from
polycarbonate, the physical characteristic of which is
presented in Fig 12.

Fig 12. Instantaneous characteristics of polycarbonate

Taking into account the optical active properties of
the polycarbonate. Fringe order of isochromatics was
being registered in proximity of the front of the
promoting crack.
The plate was being loaded with the force pulsating
about the fixed average value during examinations.
General sight of the research stand is presented in Fig 13.
The stand consists of a few parts: hydraulic feeder
with mechanical loading system, electronic control system
of the level of the load and frame to fix the plate. The stand
is completed by reflection Polaris cop. During the test, the
tested plate was covered unilaterally with the reflection
varnish making the observation and registration of the
field isochromatics possible.
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Conclusions
On the basis of experimental and numerical results,
we are able to formulate the following conclusion:
– using photo-elastic model investigations, the stress
field on the front of crack can be determined with regard
to qualitative and quantitative analysis. This fact looks to
be a very useful during the selection of the constitutive
equation applied to counts of the critical length of the
crack and the time of life of the structure.
As the result, obtaining of compatibility of effects of
the experiment from numerical analysis confirm the
purposefulness of numerical analysis supported by
experimental research, and photo-mechanics in particular.
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