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Abstract. Plastic flow states corresponding to an edge of the Coullnedca prism in the
Haigh-Westergaard thredimensional space of principal stresses are considecgtsti@itive
equations are formulated by the generalized associated plastic flow rule due to Koiter. These
equations impose the minimal kinematical constraints on plastic strains increments and as it is
elucidated are equivalent to thrdienensional equatits of the mathematical plasticity
proposed by Ishlinskii in 1946. It is then shown that obtained constitutive equations can be
formulated as a tensor permutability equation for the stress tensor and the plastic strains
tensor increment. A new explicit forof the plastic flow rule for stress states corresponding

to an edge of the Coulomlresca prism is obtained and discussed.

1. Introduction

The CoulombTresca yield criterion holds a unique position in mathematical theory of
plasticity as the bothwo-dimensional and then the firdireedimensional theoriesf perfect
plastic flow of metalfrave been creatday this criterionby SaintVenantandLevy.

A special position of the Coulombresca yield criterion anthe associated plastic flow
rule werefully recognizedoy D.D. Ivlev, whodevelopeda mathematicatheoryof plasticity
on anedge ofthe CoulombTrescaprismin a number of resgches started from 195® this
connectionhe relied on an early researche®f A.Y. Ishlinskii, who proposedthe original
theoryof plasticity in the mosgeneralthreedimensionaformulationandtook into account
the necessityof satisfying thetwo yield conditionsas it takes place irthe case offifull
plasticityd ,the condition of incompressibility of plastic flowand the original tensor
commutativity condition for the stress tensor and the tensor of increment of plastic
deformations However he generalizedassociated flow ruléy Koiter was used irfurther
discussionsinstead of the tensor commutativity conditioNevertheless,it can be
demonstratethatthe tensor commutativity conditidnllows from the generalizechssociated
flow rule and vice versaTherefore, thdshlinskii theory of plasticity is fully conformto
modernviewpoints onplastic flow of metalsit should be noted that analytical relations for
stresses and increments of displacesanthreedimensionaformulationsof the Ishlinskit
Ivlev theoryof plasticity form regular systems gartial differential equation®f hyperbolic
analyticaltype.

In the present peer athreedimensionalconstitutiveequationfor perfect plastic solsl
is obtainedby using the trinomial tesor formula byV.V. Novozhilov. Theplasticflow of
solid corresponds to aadge of the Coulomfiresca prismit is shown thathe constitutive



tensor equation is essentially nonlinesrd cannot beesolvedwith respectto incremental
tensor of plastic deformations.

2. Equation of generalized associad flow rule on on edge ofCoulomb-Tresca prism
Associated flow rulés a fundamerat constitutiverule of mechanics of plastic flow of metals
It states (see [B]) that thevector representing in the principstressspacethe incremental
tensor of plastic deformatiorge” is orthogonal to regular yield surface

f(s)=0 (2)

inagiven stresstates :

g =H g/ )
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wheren d/ T undeterminednultiplier which is positivewhile active plastic flonis observed
(f=0, df =0).

The yield surface (1) ofan isotropic solidis a finite relation between the principal
stresses,, §, &

f(s, 8, §=0. ®3)

The asociated flow rule of aisotropic solid (2) inthe principalaxes of stress tensor
has the followng form:

de=H g, ©)
HS |

The associated flow rule isingularpoints of the yield surface like edges and conical
points, whichare analytically defined astersectios of a number of theegular yield
surfaces, (s) =0 has he form[4]

de” =5 Hea/ . (5)

a

Undetermined coefficientd/, hereinareconstrained byhe following conditions:

ed/, =0 (f, 0),
id/,>0  (f, =0, df, e),
bd7,=0  (f, =0, df, @).
Consider he equation of associated flow rule {8) yield surfacs, which is déermined
by the CoulombTresca yield criterion. This criteriorelatesthe transition toa plastic state

with the attaining of critical value dhe maximum of tangent stress. If thencipal shear
stresses argefined as
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Thenthe yield surface can leketermined by the following equation
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where k T is the shear yield limit, which defines the surface leéxagonal prism (the






