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Abstract

The stress-strain state of metal specimens in the vicinity of a
stress concentrator (circular hole) is investigated in case of a quagi=-
static loading. The displacements are evaluated numerucally by the Bounda-
ry Element Method (BEM) and they are estimated experimentally by speckle
photography. The experimentally and theoretically obtained results are
compared and considered. A unified method for a simultaneous employment of
both techniques is suggested. The experimental and theoretical techniques
complement each other which results in an enhanced capability of the me-

thod proposed.

1. Introduction

The effect of residual or viscous non-elastic deformations on the
stress and strain states in the vicinity of various stress concentrators
(holes, notches, cracks, etc.) is-intensively investigated in the recent
years, In this connection the Finite Element Method (FEN)[1ﬂ and the BEM
&ﬂ are widely applied for theoretical predictions. An experimental method
for separation of the plastic zones in chromorheologic materials, based on
the lacal changes of the colour of specimen ig used in [3]. The hologra-
phic and speckls interferometry methods [4,5] are subject of increased
attention too.

The shove-mentioned numerical and experimental methods could be used
together. In some cases this improves the accuracy of the experimental
technique [6] while in others the experimental information facilitates the
solution of the boundary-value problem [7].

The aim of the present paper is to investigate the stress and strain
states in the vicinity of stress concentrators in metal specimens loaded
with a force slowly increasing in time., It is achieved by applying both
BEM and MSP (Method of Speckle Photography).

2. Experimental method of gpeckle photography

A number of apecimens have been investigated but since their presen=
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tation should increase improperly the size of the present short note, only
the results concerning circular holes specimens are discussad here (see
Fig.1). The specimens are made of steel leaves St=3 type with thickness
6:21:0.05mm. The mechanical characteristics of this kind of stesl at room
temperature 20°C are quoted in Table 1. All experiments are conducted on a
standard testing machine ZD=10/90 with constant velocity of stretching
0.5mm/min, The relation stretching force~-time is schematically presanted
in Fig.2a(9).

The displacements registration and the defining of the forms of the
nonelastic zones on the specimen surface is accomplished by speckle photo-
graphy, The principle scheme of an automatic system for sequential speck-
legrams registration and of its operation in time is given on Fig.2a,b
and its detailed description could be find in [8] . The moments of time at
which the respective specklegrams are registered, are automatically marked
on the loading curve (Fig.2a(9)). The infarmation coded on the speckle-
grams is decoded in two different ways, The first one is the traditional
way, based on the well known formulase Eﬂ:

L Y
—.fZQﬁ 2 ﬁﬂq&

defining the displacements U, and Uz in X, and 1} directions, respecti-

(1)

4

vely at an arbitrary point on the specklegram. Here L. is the distance
between the specklegram and the screen, A= wave-lenght of the laser radia-
tion, M - scale factor, Pﬁ and Ps, - distances betwesn two neighbouring
bright interferometric bands, projected on X, and X, directions, respecti-
vely.

The second method of specklegram decoding is proposed by the authors
(described in details in [10] ). By this method a two-dimensional picture
of the inelastic (plastic) zones on the studied surface could be obtained.

3. BEM lor solving two-dimensional selastoplastic problems

3.1 Setting af the problem

A two-dimensional stressed inelastic medium occupying the region Q
(see Fig.3) in cartesian coordinate system X,0X, is considered. The dis-
placements U={ are defined at the portion f; of the boundary [ , while
at the remainder of [ the stresses ¢ = 7l are known, Subject of this
problem is the study of the stressed and stralned state of the region @
at glow increase of the stresses 7: along the boundary.

3.2 Governing squations

In the present paper the constitutive relation of Maxwell-Gourevich-
Rabinovich (see [11 ) is employed. In the two-dimensional case it reads:

w5 f & fu Pes _ 24y
e Z e gt =g gt = e
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The meaning and the values of the mechanical parameters of eqs. (2) are
presented in Table I, By E° are denoted the residual deformations. Making
use the Betti's theorem of reciprocity of mechanical work and eqs. (2),
the two-dimensional problem of plane stress state is translated into the
following system of boundary integral equations:

L] {uf = (U] - [7"){u] o+
+zc/ U] {n )T - 26 j({u‘“q{ £, ])d2

where L]’ and 7- are the fundamental SOlUtanS of the elastic problem
and Dy (k=1,2) - directory cosines of the outer normal vector to the

boundary r. « The formulae for coefficients CUL
In a linear approximation aof the unknown functions, eqgs. (3) are reduced

(3)

are presented in [ﬂ

to the following algebraic system:

[AJ{u] = [B]{z] +[9] @)

and accounting the specific boundary conditions we have:

Al = (0]
The algorithm of solution consists of the following steps, Initially,
eqs. (5) together with egqs. (2) are solved for a given time stage and the
unknown values of the stresses and displacements at the boundary are ob-
tained, The displacements in the whole region L are calculated by means
of egs. (3) in which [QJ is set equal to the unit matrix, The Formulae
for calculating the stresses in & are given in [2] . Thus a complete
time stage is calculated and the same steps are repeated in the next time
stage, Elastic solution i.e. {Qf}: {0] is used as an initial condition
of the inelastic problem,
The speckle photography and the boundary element methods could be
used together according to the block-scheme shown on Fig.4,

4, Results and discussion

The specimen presented on Fig,1 is tested by means of the above des-
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cribed methods, On Fig,S and Table II are shown displacements at certain
characteristic points at mean stress C% =62,5 MPa, The theoretical predic-
tions and the experimental results show good coincidence. The plastic zona
around a circular hole at 0; =251 MPa as observed by the method described
in B[ﬂ is shown on Fig.6a. On Fig.6b a similar result obtained by 3 on
the basis of a different technique and of a different material of the spe-
cimen is shown. The qualitative agreement is obvious. On Fig,7 the quanti-
tative and qualitative comparison between computed by BEM and measured
through MSP for a portion of the plastic zone occurring at CE,=251 MPa

is presented.

The combined usage of both methods has the advantages., By MSP the
displacements alang the boundary could be measured and then in its turn
the size of the matrix in eqs. (5) to be reduced. Thus, the numarical
efficiency of the BEM rises significantly. On the other hand the ability
of speckle photography method to determine experimentally the exact shape
of the inelastic zone, since this information can prove crutial for con-
structing zone - fitted discretization for the numerical method, gives
the opportunity for a considerable reduction of the computational time,
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Form and dimensions of the specimen
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a) A principle echeme of an automatic system Por

apecklegrams registration: 1-laser, 2-optical

obturator, 3~bsam expander, 4,S5-cameras,
6-control block, 7-support, B-geuge, 9-recorder

Fig.2
Fi1g.3
b) Operation of the system in time
Table I Material parsmeters
Young's [Poisson's| Initial [Logerithmic Volune
modulus ratio vigcosity [modulus of [coeffi-
coeffioient| velocity cient

E % ”e m° >

GPa GPa.min N/mm

210 0,3 6,408,107 16,5 0,0
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Table II

u
o 4 [pam) W,  [pmd z

exper.| theory| exper.| theory
1] 1.40| 1.94| 0.00 | 0.00 2 § ¢ .
2| 2,60 | 2,05 | 0,00 | 0.00 2 7
3| 2,45 | 2.43 | 0,00 | 0,00 :
4| 2.37| 2.18 |-0.18 |=0.14 _??\ z,
5| 1.80 [ 1.84 | =0.46 | =0.58 fr 0 9
61 175 | 1499 | =0.86 | =0.75 Flges
71 39| 1,20 |=1.04 [=0.88
8| 0,42 | 0456 |=1.47 | =159
9| 0,00 0,00 |=1s22 =13

10| 0.00| 0,00 |=1.00 |=0.96
14| 0.00 | 0,00 | =0.82 |=0.84
12] 192 | 1.65 | ~0.39 [=0.3

Fige? Comparison of the theoretical and experimental

solutions: -~- experiment, —— theory
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Fig.4 Block-scheme of the boundary element and speckle

Fig.6 Experimentally obtained
elastoplastic zones

photography hybrid method
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