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SHEAR FAILURE FORM REALIZATION IN CONCRETE

Abstract. The shear is considered as concrete and reinforced concrete elements failure form, which differ
significantly in constructive solutions, load transfer schemes and stress-strain state on shear surface. Conditions and
criterion for shear failure form realization in concrete are formulated. As conditions, it is assumed that plastic

deformation is localized in thin layers on failure surface and that shear stresses 7, are reached «/73 from their
maximum value. Criterion for shear realization in structurally inhomogeneous materials with different resistance to
compression and tension is simultanecous limit state existence over entire shear surface. To determine shear
realization boundary in concrete, concrete plate destruction process under axial compression is analyzed. «Shear —
tear» failure transition region existence is substantiated. Lower concrete destruction boundary by shearing is located
in mixed region stresses close to axial compression, and upper boundary is in uneven biaxial compression zone.
Kinematic concrete elements destruction mechanism under shear is considered as limit macroscopic structure. Rigid-
plastic body concept is used. Plastic deformation is thought to be concentrated in thin layers on fracture surface, and
adjacent areas arc considered as hard disks. Sufficiently general technique for calculating strength based on mathe-
matical plasticity theory apparatus, variational method with virtual velocities principle application, discontinuous
solutions, and upper ultimate load magnitude estimate is proposed. Externally brittle destruction character cannot
serve as obstacle to plasticity theory application. As plastic potential, concrete strength condition in revolution para-
boloid form is adopted, which has fairly simple notation in tensor form and experimental confirmation. Strength
problems solution is to write down virtual velocity principle functional for corresponding kinematic fracture mecha-
nism. Functional is investigated for an extremum, which is equivalent to boundary value problem solution. Stationary
state achievement by functional corresponds to plastic deformation power minimum. As an example, solution is
given to strength problem of bent fixed from one end concrete (reinforced concrete) plate, simulating keyed joints.
Realized kinematic mechanism under shear opens fracture surface direction variation possibility by creating lateral
compression, which practical interest is.
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Introduction. Concrete and reinforced concrete elements working on shearing forces perception are
widely used in practice, that predetermines necessary for their further study. They differ significantly in
constructive solutions, load transfer schemes, and in shear zone stress-strain state specificity. At the
present time, there is no sufficiently general method for calculating strength of such elements, makes it
possible to take into account their features and determining factors influence. Its creation on basis of
single theoretical basis is an actual task.

Work aim is to determine conditions, criterion and mechanism for realization shear in concrete to
develop a general calculation technique based on deformed solid mechanics.

Research methods. The aim is achieved by analyzing shear phenomenon in concrete [1-4]. Fracture
character and shear zone stress-strain state are considered. To solve deformable solid mechanics equations
[5-7], which in general is complicated problem, simplifications number have been introduced [8, 9]. The
shear strength is evaluated using the variational method [10], virtual velocities principle and discontinuous
solution [8, 9], which allow us to obtain result corresponding to plastic deformation power minimum quite
casily [8-11].
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Results. Concrete fracture forms. Realizable in elastic-plastic materials, among which is concrete,
fracture forms reflect macromechanical bodies behavior in limit state and exert determining influence on
ultimate load magnitude [12]. They differ significantly and as destruction mechanisms components require
use different theories, concepts and approaches to solving strength problems. Tearing, element parts move
in direction perpendicular to destruction surface, remaining slightly deformed. For crushing plastic
deformation zonal placement in destruction area is typically. Bodies behavior in shearing form has its own
peculiarities, having investigated which it is possible to formulate conditions, determine mechanism and
its realization boundaries, and develop calculation technique that takes into account shear specificity.

The shear as fracture form is characterized by one-part movement of element along other and for
plastic bodies is an extension of observed visually directed intense deformation in shear zone (slip) [8, 11].
Plastic concrete properties are limited and depend on stress element state [12]. In biaxial compression,
they are crucial, in mixed conditions stress states their influence is significantly reduced, and plasticity
regions dimensions” decrease. Externally brittle avalanche shear fracture in a number of cases visually
practically does not differ from fracture by tear (figure 1). At the same time, concrete intensity de-
formation that is fixed in experiments near fracture surface during shear and tear is fundamentally
different.
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Figure 1 — Concrete beam fracture by shear (a) and tear (b)

Shear failure form boundaries. Shear boundary location depends on material's resistance to axial
compression and tension, as well as its structural features.

Studies results analysis [1-4, 11, 13] indicates that shear occurs in plane-stressed concrete elements in
biaxial uneven compression, uniaxial compression, and mixed stresses close to axial compression. For
purpose of a shear phenomenon detailed study, it is advisable to consider elements behavior at boundary
of its realization in transition area «shear — tear», where when comparing two forms, their differences and
characteristic features are more clearly visible. The transition area includes destruction under uniaxial
compression (figure 2, a, b), choice is also justified for investigation by presence experimental numerous
materials [11, 13-15].
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Figure 2 — Concrete destruction prisms by tear (a) and shear (b), plastic deformation localization on shear surface (c)







