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An experimental investigation of transient thermal stresses that appear aro-
und the rectangular parallelepiped inclusion in the photoelastic plate made of
Araldite B is described. The inclusion was made of aluminium - alloy plate.
The effect of thermal load on the upper surface of plate was experimentally
studied by means of photothermoelasticity. The results of experimental inve-
stigations have been compared with the results of theoretical investigations
and numerical computations in terms of the computational FEM model.

1. Introduction

In this paper we shall consider the nature and magnitude of transient thermal
stresses in the plate with the rectangular parallelepiped inclusion. The material
used for the model of plate was Araldite B. The thermal stresses in the model were
measured photoelastically. To simplify photothermoelastic studies under transient
conditions, the technique of cooling by using powdered dry ice has been adopted,
Orlo$ and Galin (1992).

2. Experimental procedure

The geometry of the model made of Araldite B photoelastic material is shown
in Fig.1!'. The temperature dependent mechanical, thermal and photoelastic pro-
perties of the material were measured before the tests. Over the range of tempe-
rature from 200 K to 290 K the photoelastic figure of merit @, = 19.3 fringe/mK
remained nearly.constant.

lgee the end of the paper
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The rectangular parallelepiped inclusion was made of aluminium alloy and
cemented into the photoelastic plate with epoxy adhesive. The mechanical and
thermal properties of the materials used in this study are presented in Table 1.

Table 1. Mechanical and thermal properties of the materials at 293 K

Propertieé Materials
Araldite B | Aluminium alloy

Shear modulus G [MPa] 1370 27000
Prisson’s ratio v 0.376 0.335
Thermal conductivity & X—XVK 0.2 165
Specific heat ¢, 3¢ 1050 673
Density p [:ﬁ] 1200 2650
Coefficient of expansion [K—! 6 x 10-% 2.36 x 10~%

The upper surface of the model was uniformly and suddenly cooled. The
temperature in selected points was monitored with the aid fine copper-constantan
thermocouples cemented into the model with epoxy resin.

Standard two-dimensional photoelastic techniques were used to determine iso-
chromatics. The diffused light polariscope with 500 mm diameter field size was
used. The continuous temperature measurement was performed, and simultane-
ously the photoelastic fringes were photographed and registred using television
recording,.

3. Results and conclusions

In the present experiment the Biot modulus is defined as

. hH
Bi = -k— (3.1)
where
h - convective-heat-transfer coefficient,
k - thermal conductivity,

H - width of the plate.

The convective-heat-transfer coefficient was determined by measuring the tem-
perature distribution over a special test beam made of Araldite B. The experiments
on this beam resulted in an effective Biot modulus of 87.5 % 10.

In Fig.2 is shown the dark - field isochromatic fringe pattern in the model at
120, 240 and 6C0 s after the thermal loading, respectively.
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The transient thermal stresses in the two-dimensional theoretical model were
determined using finite element analysis. A finite element mesh of the model is
shown in Fig.3 in details.

The distributions of temperature difference T — T; (T - temperature of the
model, Ty = 200 K) in the symmetrical section of the model are presented in
Fig.4.

Comparison of the stress o, distributions over the section (z = 0.5 mm) close
to the axis of symmetry of the model and the section (z = 33.5 mm) at 60 s is
shown in Fig.5.

Comparison of the distributions of the stresses o, 0y and 7., over the section
(z = 32.5 mm) in the plate with inclusion, and the stress o in the plate without
inclusion, at 600 s is shown in Fig.6.

Fig.7 shows the distributions of the stress o, in plate without inclusion and
in plate with inclusion over the section (z = 78 mm) at 600 s.

The sharp corner of the inclusion edge causes the thermal-stress concentration
in its vicinity.

To characterize this concetration the stress ratio ¢y is defined as

Oq
O, = L 3.2
H Up ( )
where
o, — effective stress according to the Huber strain energy of distorsion theory,

op = —EEET = 33.71 MPa,
AT = -93 K - the maximal temperature difference T — T}.

Fig.8 shows the distributions of the stress ratio ¢, close to the inclusion sharp
edge corner, at 60, 120, 180 and 240 s. : )

The distribution of the effective-stress o, .in the plate is shown in Fig.9.
The shape of the lines of equal effective stress o, is similar to the shape of
both isochromatic fringes (Fig.2) and lines of equal maximum shear stress Tmaz
(Fig.10), respectively.

The main results obtained are summarized as follows.

The maximum thermal strains appear close to the inclusion sharp edge corner.
Away from the inclusion edge the lines of equal effective stress and the lines of
equal maximum shear stress are similar to the isochromatic fringes.

The influence of the inclusion on transient thermal stresses in the plate becomes
negligible at the distance of approximately two lengtlis of the inclusion.

The presented two-dimensional computational FEM model has been employed
to study the thermal plane stress distributions.

The existence of out-of-plane displacement restraints at the location of the thin
photoelastic plate bondeding to the relatively rigid inclusion will induce trensverse
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stress components and can cause the in-plane stresses to deviate from the plane-
stress solution.
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Wplyw inkluzji prostopadlosciennej na niestacjonarne stany naprezenia

Streszczenie

W pracy opisano badania doswiadczalne niestacjonarnych naprezen i wplyw inkluzji
prosopadlosciennej w plytce wykonanej z materialu optycznie czynnego Araldite B na stany
naprezen cieplnych. Inkluzje wykonano ze stopu aluminiowego. Wplyw obciazenia ciepl-
nego na gorng powierzchnie plyty byl badany doswiadczalnie metoda termoelastooptyczna,
Wyniki badan doswiadczalnch byly poréwnywane z wynikami rozwazan teoretycznych oraz
obliczenn numerycznych z wykorzystaniem metody elementéw skornczonych.

Manuscript received November 8, 1991; accepled for print Seplember 28, 1992
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ARALDITE B

410

I'ig. 1. Test-specimen with inclusion

Fig. 2a

Fig. 2b

Fig. 2c¢

Fig. 2. Dark-field isochromatic fringe pattern in the model at the instants 120, 240 and
600 s
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Fig. 3. The finite element mesh of the model
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Fig. 4. The distributions of temperature diflerence T — T over the symmetrical section
of the model at the instants 60, 120, 180 and 600 s, respectively; H = 50 mm — width of
_ the test-specimen
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Fig. 5. Comparison between the distributions of stresses o, over the section (z = 0.5
mm) close to the axis of symmetry of the model and over the section (z = 33.5 mm)
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Fig. 6. Comparison between the distributions of the stresses o,, 0, and 7.,
respectively in the plate with inclusion over the section (z = 32.5 mm) at the time 600
8, and the stresses o, in the plate without inclusion
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Fig. 7. The distributions of stress o, in the plate without inclusion and in the plate
with inclusion over the section (z = 78 mm) at the instant 600 s
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Fig. 8. The distributions of the stress ratio ¢,, close to the inclusion edge, at the
instant 60, 120, 180, 240 and 600 s, after the thermal loading, respectively
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9. The lines of equal effective stress o, at the instant 120 s
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Fig. 10. The lines of equal difference of principal stresses ¢; — o3 at the time 120 s
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