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UDC 624.045.12

THE MODEL OF MULTILEVEL CRACK DEVELOPMENT
IN REINFORCED CONCRETE STRUCTURES

Yakovenko [.A., Doctor of Engineering, Associate Professor
National University of Life and Environmental Sciences of Ukraine

The main characteristic feature of bearing reinforced concrete structures is the
presence of cracks in resisting its force and deformation influences [1].

In the case of a solid body whose strain-strain state is analyzed by the
methods of the elasticity and plasticity theory, an elementary cube is distinguished.
It describes the connection between stresses and deformations at a point [2].
Further, in the transition to a cross-section, the established link integrates across
the cross-section. As a result, the problem is reduced to differential equations, the
exact solution of which, as a rule, 1s very difficult. In the material resistance, a
hypothesis of flat deformation for the entire cross section 1s adopted, which greatly
simplifies the solution of the problem. For a non-permeable body with a crack
(where body integrity is disturbed), when establishing a connection between
stresses and displacements, the methods developed in the elasticity and plasticity
theory and the resistance of materials are not applicable [2].

Nevertheless, the use of the basic cross-sectional method for cracking
material brings its positive results [3]. This also applies to the approximate
reception of the determination of the intensity coefficient of stresses; it can also be
used for the allocation of a special two-cantilever element [4], which has found
application in the fracture mechanics [2].
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The projection of inclined crack whose width of disclosure has a maximum
value 1s determined from the extremum condition of the many variables functions [3]
Fz‘ :f(q X Gs’x’cc’cs,]’Gc,l’CZ’7\’1’7\’2’7\’3’7\’4’7\’5’7\’6’7\’7)’ (1)

sw? "B’
where i 1s the index that determines the location of the desired cracks opening
width or the minimum cracking load or load that corresponds to the minimum
rigidity, etc.).

The conditions for the equality of zero partial derivatives arising from this
condition are:
A + A, 9, x2@+...+ M

A,—==0
Ox, Ox, X, Ox,
A +x1%+x2@+...+xmaem:o (2)
ox, ox, X, ox, :
R TR WL W
ox, ox, ox, ox,

In this case, it 1s possible to determine the functional distance between
different cracks s, along the axis of longitudinal reinforcement, having the stresses
in longitudinal reinforcement in a section with a dangerous inclined crack (in terms
of the maximum width of the opening at the level of the axis of longitudinal
reinforcement) [3].

Then we may determine the distance between cracks s, along the axes of the
transverse reinforcement, knowing the stresses in the cross-sectional reinforcement
in a section with a dangerous inclined crack (by the criterion of the maximum
opening width at the level of the axis of the transverse reinforcement).

The increase of deformations in the reinforcement with increasing loading
causes a decrease in the distance between the cracks. In this case, the appearance
of a new level of cracking corresponds to the load level, which adheres to the
following inequality [1, 3, 4]:

S, SB.Sr,i-l’ (3)
where parameter 3 is taken from the ratio between stresses in transverse
reinforcement according to Fig. 1.

Thus, the process of formation of cracks continues until destruction of the
reinforced concrete construction (RCC). There 1s not one, as it is accepted in a
number of known techniques, and several levels of cracking:

s, >s,  — RCC has no cracks,
s, >s8 >s = first level of cracks formation;
e (4)
s, >s8 >s . —n=level of cracks formation
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The following symbols are entered in the fig. 1: s,.; — the distance between i-th
cracks; s,.;,» — the averaged distance between the projections of the cracks on the
horizontal; Q,, — transverse force in rebar; wy , — width of opening of cracks at the
level of axis of transverse rebar; a., — angle of the crack inclination of in relation to
the horizontal axes; A, — the area of the transverse rebar; stresses arising in the
transverse rebar from the force Q;,; S — step of transverse rebar; t;,, & T —
corresponding tangential stresses acting along the cut volume of concrete.

r,i,m

Fig. 1. Level model for determining the deformation of stretched concrete €. (1)
along the axis of the transverse of i-th level of the various cracks formation and the
distance between them in RCC

The degree of crack’s implementation (crossing these cracks transverse

reinforcement or 1t will only cross the dangerous inclined crack) 1s determined from
the consideration of the stress-strain state along the transverse rebar based on the
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calculation scheme of the next level shown in Fig. 1. The volumes of concrete
(formed by the thickness of the structure and the dimensions, compared with the
step of the transverse reinforcement or with the double thickness of the protective
layer of longitudinal reinforcement, respectively) are cut from the reinforced
concrete structure. They include transverse or longitudinal reinforcement and are
considered as level models. They are used to determine the deformations of the
stretched concrete g,(y) along the axis of the transverse rebar of the i-th level of
the of various cracks formation and the distance between them in reinforced
concrete structures.
Conclusion

It is presented the model of multilevel cracks development in reinforced
concrete structures. It is based on more subtle tools and basic provisions of fracture
mechanics. It allows to bring the calculated and experimental parameters of
distances between cracks into conformity. The presented calculating apparatus
allows to determine the parameters of cracks formation, the resistance of stretched
concrete between cracks and the distance between them.
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