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1. Areaof Interest

In the theory of plasticity the existence of the yield surface is assumed. In the past, several yield surfaces
were formulated. However, choosing an appropriate surface for a particular material remains challenging. The
extremal yield figures for isotropic material behavior will be generalized in this paper for universal practical
application. Measured data for concrete will be approximated with the help of the proposed criterion.

2. Introduction

Yield criteria for isotropic material behavior are built up using invariants of the symmetric second-rank stress
tensor. Three stress invariants — the trace (axidtoof the stress tensor and the invariafs I of the stress
deviator expressed by principal stresses [1, 2] — are used here. The stregs angle
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is sometimes preferred ovEybecause it allows for a simple geometrical interpretation of the stress state. Yield
criteria as function of the equivalent stregg are formulated according to

2 (I, I, I}, 0eq) =0 or (I, I, 0, 0eq) = 0,

where the dependence éncan be neglected for pressure-insensitive materials.

The criteria are subjected to special requirements. Among others, such so-called plausibility assumptions are
the explicit resolvability of the criterion with respect tq,, wide range of possible convex shapes in the
m-plane, continuous differentiability except at the border, and no additional outer contours surrounding the
physically reasonable shape of the surface. Fulfilling all of the above yields reliable criteria that are easy to
handle. Unfortunately, criteria satisfying all requirements are not known.

3. Extremal Yield Figures

The lower and upper bounds of the convexity restriction for isotropic criteria give extremal yield figures of
isotoxal and isogonal hexagons (Figs. 1 and 2). The polynomial formulations of these hexagons are known
as GapurRsoand HAYTHORNTHWAITE criterion, respectively [2]. However, their polynomial forms feature
intersections surrounding the physically reasonable shape of the surface and their application is intricate.

Isotoxal hexagons as function of stress angle (lower bound) can be described usirgpthéR3KI crite-
rion [3]. A criterion for isogonal hexagons (upper bound) as function of stress angle without case discrimination
is missing. Both hexagons degenerate to the same equilateral triangles in border cases.

The present work aims at finding a universal yield criterion which contains the extremal yield figures and
satisfies all plausibility assumptions.
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Figure 1: Isogonal hexagons (upper bound) consist of twaedatting triangles in the-plane.
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Figure 2: Isotoxal (lower bound) and isogonal hexagons inrtidane.

4. Universal Yield Criterion

Consider the minimum functioR = min|x, A]. In order to avoid case discrimination, then operator may be
replaced according to [4]:

(3) Q= |:I£+)\+ (Ii—)\)2:|.

N =

Using the VLEV [2] shape function

4 k(0, B, v) = cos B (7‘(,3 — arccos [sin [7 g} cos[3 «9]})}

and the scaled MRIOTTE [2] shape function

(5) A0, o, B, y) = % (B3a+1) cos [% (7?5 — arccos [— sin ['y g} cos[3 G]D] ,

we obtain the universal yield function

Q6
(6) Oeq = \/E QEO’ 27 27 ::;a

normalized with respect to the unidirectional tensile steggs= o.. The parameters are restricted as follows:
) a1, Bel1], ~eloll.

This yield function (6) contains the A THORNTHWAITE criterion (isogonal hexagons) withe [0, 1], 5 = 0,
andy = 1, the Capursocriterion (isotoxal hexagons) with € {0, 1}, 8 € [0, 1], andy = 1, and the regular
dodecagon in the-plane according to &KoLovVsKY [2] with « = 1/3, § = 1/6, andy = 1 without plane
intersecting. The/oN MISES criterion follows witha € [0, 1], 8 € [0, 1], andy = 0.
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