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ABSTRACT

In the paper are defined the normal strain intensity, sometimes a reduced strain or strain intensity,
and the shearing strain intensity. The shearing strain intensity is proportional to the quadratic
invariant of the strain deviator, which may be regarded as an overall characteristic of the distortion of
an element. The normal strain intensity corresponds to the elastic energy of distortion apart from a
constant factor.

Analyses is worked the different vector space. The equation of the deviatoric plane is given in the
isotropic vector space of the normal strain as and the isotropic vector space of shear strain. In the
same manner are given the component parts of the drviatoric strain vector in these isotropic vector
spaces.
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1. INTRODUCTION

In the homogenous vector space a strain vector is decomposed on the normal strain and shear strain
component. The normal strain is defined as the normal strain on a plane, and shear strain is defined as
the shear strain in a plane. In the homogenous and isotropic vector space, the component of the normal
strain is transformed to the mean normal strain and the component of the shear strain is transformed to
the deviatoric vector component.

The component parts of the deviatoric strain vector are normal and tangential components. The normal
component has the geometrically representation in the vector space of the normal strains and
tangential component in the vector space of the shearing strains.

2. THE STRAIN VECTOR IN THE HOMOGENOUS SPACE

The deformation vector A b = 0,0, = P,Q, - PO, is a lineal vector function 4 of the vector b =

PO, [1], 1e.
Ab=Ab=bAn, €))
into two components transformations: one of these corresponds to a rigid body motion Q(')Q =b Cn;

the other, which we have termed pure deformationQ—Q; = Q(')Ql' =bBn= Q(;R + RQI' =bB/n+
RO, .

The strain vector b B n can be decomposed on the normal strain € , = Q(')Qlu and the tangential (shear)

strain € (= QI"Q{ (Figure 1). The magnitude ¢ , of the normal component € ,, can be written as (Figure 1)
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be, =0QR-n=bB/n-n=> (Zcosamgiiéi )-(Zcosaméi )=b Z(cosam)zgﬁ )
i=1 i=1 i=1
or, the normal strain vector

3
ben=be,n=b¢,(D cosa,i,). 3)
i=1
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Figure 1. Decomposition the deformation vector

The shear strain g is defined by (Figure 1)

- . 3
beg.= 0,0, = QO R+RQ, =h ZCOS a,(e; —€,)é thD>n
i=1

“)
3
where Dn = z cosa,, (s; —¢€,)e[2].

i=1

3. THE STRAIN VECTOR IN THE HOMOGENOUS AND ISOTROPIC SPACE

In the homogenous and isotropic vector space of the normal strain is cos a;, = cos a ;, = cos 03, = %
3
and is worth
V3Bin=c¢ e tenertees Q)
Accordingly, in the isotropic vector space of the normal strain, where a point can be identity by
components of the normal strain P (g;;, €, € 33), the strain vector B m “is projected” to the vector

3 B n. The vector (3) has the geometrical presentation in this place [3], i.e.

\Esn:\ﬁgiznzgiz(el+e2+e3)~ (6)
The vector
V3 Dm=43 (Bn-g,) =(ey—¢e)e +(en—¢e)ert(es—¢e,)es 7
lies on the plane of the unit vector n, well is+3 (B n - £,) - n = 0, that given
(e;1tentes)-3¢e,=0. ®)

By (14) is defined the Hessian normal form the equation of the plane. The plane (8) is cooled the
deviatoric plane, and 3 &, > 0 is the distance of the plane from is the origin.

The matrix B of the linear operator B is symmetric, i.e. ¢ ; ; = ¢ ;; if i # j. Accordingly, in the
homogenous and isotropic vector space of the shear stresses, the component D, n is given by [4]
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D;n= [ex(e1+ey)tes(ertes)tes(este;)]

1
V3
or

2
Dgn\/;(€23 f|+€31 f2+€[2f3) (9)
V2

where f 4 :g (e te;), £, :7 (este))ifs;= g (e +e ). In the orthonormal base (f 1, f ,, f3)

the vector n is defined by
n=m-f)f; +(m-f)f,+(n-f3)f; (10)

1
wheren-f;=n-f,+n-f;=—

5

The strain vector B n in the vector space of the shear stress, where a point P can be identify by

the values of the shearing stresses, i.e. P = (¢ 12, € 23, € 31), is "projected” to the vectors \fz D> n. The

vector \/g D, n lies on the plane of the unit normal n, therefore is \/g D;n - n =0, and this given

€10 Tex tesy=0. (11)
By (17) is determined the Hessian normal form the equation of the plane in the vector space of the
shearing stresses. The plane (11) goes through the origin of the orthonormal base (f |, f», f 3).

4. THE NORMAL STRESS INTENSITY
The deviatoric componenty3 D n=+3 D n= 43 (B n— ¢) of the vector B n, in the vector space of
the principal normal strain, is given by

J3Dn= 3D n=3(Bn-g)

=(e;—e)e 1 T(er—e)e t(es5—¢)es (12)

The vector (12) lies on the plane of the unit normal vectorn = (n - e';) ¢'; + (n - e;) e, + (n - €';) '3,
therefore is 43 (B m -g) - n = 0, and this given

g; ter,tesz-3¢ =0. (13)
By (19) is determined the Hessian normal form the equation of the plane in the vector space of the
principal normal stresses. The plane (19) is cooled the deviatoric plane, and +/3 & > 0 is the distance
of the plane from is the origin. If ¢,=¢ =0 in (13), then the plane (17) goes through the origin of the
orthonormal base (e ‘|, e ,, e 3).

L. .. 1 . .
In the process uniaxial tension, if &, = g;= - 5 g, and ¢ = 0, from (12) is obtained

D \Eel. (14)

e1=¢;=+2 [Dn| (15)

The quantity

is called the normal stress intensity. The magnitude of the |D n|, according to (7) and (9), is
\Dn|=(B;n—g*+|D; nf)"
B R G R G e G el

[(err—e2 )+ (en—e )+ (ess—en Y +6 (e n+e’n+es)]”. (16)

w\.—‘

6. THE SHEARING STRESS INTENSITY
The component D n = D;n, in the vector space of the principal shear stress, is given by
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Dn=D2n= E (V1f1'+V2f2'+V3f3').

In this vector space, the vector D n, "is projected” with enlargement, i.e.

\EDn=\ED2n=v1f|'+v2f2'+v3f3’. 17)
The unit vectors parallel to principal shear stresses are given by
f' = g (', +e's), fh= g (e'; +e'y), 3= g (e'; +e'y).

In ortohonormal base (f';, f',, f';) the vector n is defined by

n=m-f')f' +m-f)fHh+m-f5)f" (18)
where n-f''=n-f'y,=n-f'3= % The vector \E D; n lies on the plane of the unit normal n,
therefore is \/g D, n - n =0, and this given

v; tv, tv;=0. (19)

By (19) is determined the Hessian normal form the equation of the plane in the vector space of the
principal shearing stresses. The plane (19) goes through the origin of the orthonormal base (f*;, f*5,
f3).

In the conditions of pure shearing, if e = 0, v; = v, =0, v3 = v, [5], the strain vector B n is equal
to the deviatoric components D n = D ;, n In this case is

3 Bn=/2 =3 = v

Ean EDn 2Dgn vifs (20)
3 3 3 ' ' '
Ean EDnz 5D2n:‘53f3:rmaxf3:7if3~ (21)

r,-:%=\/§\0n|=ﬁ, 22)

where [ 2 is non-negative values of the second invariants of stress deviator, is called shearing stress
intensity.

or

The quantity

7. CONCLUSION

The normal strain intensity corresponds to the elastic energy of distortion apart from a constant factor.
The normal strain intensity, sometimes, a reduced strain or strain intensity.

The shearing strain intensity is proportional to the quadratic invariant of the strain deviator, which may
be regarded as an overall characteristic of the distortion of an element. The shearing strain intensity
becomes zero only if the state of stress is a state of hydrostatic pressure. For pure shear in the plane v
max 18 the shearing stress intensity. In the case of the simple tension (compression) in the e ’; directions
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is the shearing stress intensity
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