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L INTRODUCTION

The Yon Mises criterion is widely used for ihe strengih evaluation of high-loaded sirncinral COMDoONentis
for nuclear power plant. According to this criterion, equivaleni guanifty {(sircss/sirain) is defermined by

- 1
Seq = LCM(D}]Z

Here D is a tensor-deviaior of the quantity 8, I3 (D) is the second invariant of deviaior D within a consiant
facior equals energy of distorticn, C is consiani,

Ameng other merits the criterion enables one io take account of ihe loading history and io do without
ihe principal stiesses/ sirains calenlaiion s, sinee it has ihe invariant recording form. Al the same iime the
criterion is unsuitable for the aliernating loading [1] and dees noi iake accouni of cyclicity vader the
principal direciion roiations [2]. The Von Mises criterion modification without these disacvaniages is
proposed below,

2, CRITERION MODIFICATION

Let deviaior D has the 3ij componenis in chosen Cariesian coordinaies OXY7Z, The second devizior
invariani can be respeciively written as;

oz ol ol 2
i2 (U )= (5'%1 —+ Sgy + 52 ) + 5%y - Sy + Siy

Here quadratic form in ihe right side of equation i posiiive one and this ;
non-gengiiivity io the componeni sign changes under the aliernating loading. We
on ithe basis of the simplest special case for the single-comporent loading,

Let in some point of siruciure the pure shear Sy time-varying according to periodic law only acis as
shown in Fig.la. la this case the second invariang I (D=9 “xy varics in terms of pulsed acquiring double
Srequency and range decreased in half, ss shown in Hig. 1. This effect iz naturally exicnded 1o ihe Von
Mises criierion 23 a whole.

Ta avoid this errorin Case [4 1t is srdered o shifs e I gram io the avea with positive signs,
as shown in Fig.Ic, when trapsierring the minimum load point {poini A, Fig. Ic) ic abscizea axis. Ii is
noted ihai such procedure Jeads 1o [css of cyelogram vispalization and information as well 23 ia complicaied
calenlation. The siimation is 1his that the right side of ihe Vonr Mizes criterion ig interpretable as radius-
vecior module in deviaior space and hense ihe transfer of this space origin iz equivaleni o addition aver
the entire quantities of some vecior. Such iransler provides the pa 1 cyclogram shifi only in the case of
simple cyelic loading as shown in Fiz.1c. Tn ihe gencral case the shift occurs with the scale disiortions. I
3 1 cbiain the levels. As a resuli the facis of achieving

doing so, for insiance, two previously equs! peals s
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the yield limit, plastic reverse an so on cannot be direcily defined according to ihe disioried cyclogram. In
the particular case considered for pure shear ihe problem can be solved without resorting io the cyclogram
shifi. In thai case it is sufficiently 1o use the product of Syy | Sxy! in place of Szxy. Indeed, the both quantities
are always equal in module, but in so doing the sign of second one coincides with Sxy component sign. As
a result we obiain the desired cyclogram as shown in Fig.1d.

The proposed method allows the generalization for common case through the change of the second invariant
Iz (D) by the corresponding guadratic form with the aliernating signs
I

B(n)=73 <bm- Lbxx |+ By Lbyy | +bes |bzz|) by Vbxy | Bys Tbys |+ bog Yooy |,

the sign of which can be considered as the stress/strain siate one.

It is necessary 1o determine the corresponding beiween the compeonenis of 5i; and byj on the basis of the
modified criterion non-coniradiciion condition in reference to the classical the Von Mises criterion as well
as 1o conventional sign principle for normal deviator componenis: tension-plus, compression-minus,

The first condition on criterion non-contradiciions leads to the conclusion that bij= = 5y, Let consider
some time wher ihe classical Von Mises criierion is irug, for exampie, the firsi gnarier of the first loading
cycle, and suppose that B(D)>0 in this case. Then B(D) =12(D) and consequenily all by; = 0 since quadratic
form of I2(D} always has positive sign. As far as some devialor componcnis is negaiive we obtain the

following relationshinp:
B = Sif Syn =0
YOSy (S <0

Here (Si1 are the deviator component values, for instance, during the firsi quarier of the first loading
cycle. They are singly used to establish the sign rule only providing the agreement with the classical Yon
Mises criterion,

If under the first loading B(D) <0, then all signs in relationship for Iy must be changed by opposite ones.

Let us agree the sign of B(D) with the conveniional sign rule for normal componenis. For ihis purpose
this rule should be generalized for muliiaxis siress/sirain siaie. The consideration of ihis problem is
conducied in principal axes.

It should be noied that both the positive and negative principal componenis coniribule to the energy of
disiortion. Consequently, 12({D) can be writlien as

R(pY=aT 14~

+ - s . s ; . s 3
where A’ and A™ - the contribution of the posilive (tension) and negative (compression) componcnis
respectively. Let us introduce the following parameter inlo the consideration

— AH}““[@-—-
=677

that represents the analogy to the Nadai-Lode parameter since under single-axis tension, pure shear and
single-axis compression this parameier assumes the following valucs +1, 0, -1 respectively. It is easy

1o show that its sign is opposite to signof 32 and, dueto the inequality 81 =33 =83, 51 >0, 53 <0, coincides
with the third invariant sign:

sign ¥ = sign (Zg (D ))
Thus, the expression for componenis of byj assumes the form:

bt = S csign (13(B1)), (Sz,-};i_‘:‘D;
K —Sj Sl'gn(]a D), {Sij)1< 0.

It will be recalled that I3(D) =dei D, D1 ={ {Si)1 }.
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As a result we obtain the following expressions for the modified the Von Mises criterion in terms of
siresses:

L
Goq = sign ( Bo) (3|Bgt)z

and in terms of sirains:
4 L
Eeg :sign(Bg) (§ | Be |>2

Here the quadrastc forms of B(2g) and B(Dg) are deasied by Bo and Be respeclively.
In addition it may be remarked that in the cases of simple loading the criterion can be adopted wiih ihe
minimum modification:

1
Geq =sign (13 ( D) [3 12 (Dg)] 2
Itis well known that the sympiom of simple loading is the direciion tensor constancy, i.e. ihe performing

of the following condition:

""'""“p)_:COf’l‘}‘i
(D) )

3. CONCLUSION

There is no the sign rule for shears in continuum mechaunics and the signs of these components depend on
choosing the coordinaie sysiem. Therefore the analysis of the emtire struciure Joading history should be
performed in unified ouier coordinate system that is not conneci with loaded structure. Note that e
anatysis of ihe work [2] on the basis of the proposed modified criterion resulis in the agreemeni with
gxperiment.
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