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To date, the method of increasing the load-bearing capacity of load-bearing reinforced
concrete structures of buildings by laying an additional layer of concrete on top of them
has also been widely used in the practice of bridge construction in our republic. This
method serves not only to increase the load-bearing capacity of bridge spans in
operation (repair), but also to ensure flexibility during the design period for future
increases in temporary loads, as well as to ensure savings in material consumption.
Theoretically, laying a new layer of concrete creates an additional limiting moment,
which leads to an increase in load-bearing capacity.

Two types of prismatic reinforced concrete samples are used for theoretical and
practical research: Sample 1. The sample is 10x180x1000 cm in size, made of ordinary
concrete of concrete class B35 (cast based on the composition of concretes produced
at the enterprises of the Bridge Construction Trust), and used as reinforcement a
periodic profile of class A-11l with a diameter of 12 mm (Figure 1). The design
parameters of the construction materials are selected based on the data given in SHNK
2.05.03-22 Bridges and pipelines.

Sample 2. The sample is a structure consisting of two layers of concrete with
dimensions of 10x250(180+70)x1000cm, the concrete class in both layers is B35. The
1st layer is made of 180mm thick ordinary concrete (made based on the composition
of concretes produced at the enterprises of the bridge construction trust), its design
parameters are selected based on the data given in SHNK 2.05.03-22 “Bridges and
Pipes”, the 2nd layer is made of 7cm thick fine-grained KMB (based on the
composition determined through experimental testing), its design parameters are
selected based on the results obtained from experimental testing (Table 1).

Table 1

Accounting indicators of the KMB

Accounting
indicators
2 | Accounting values |19,6 MPa |1,2MPa |6,1 MPa |39,6x103MPa

1 Rp Rot Rbt,sh =
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The reinforcement in the structure was made of A-IlIl class periodic profile
reinforcement with a diameter of 12 mm (Figure 2). The calculation parameters of
ordinary concrete are based on the data provided in SHNK 2.05.03-22 “Bridges and
Pipes”, the 2nd layer of concrete

Based on the conclusion that two concrete layers should have the same concrete class
to ensure that they work together under mutual load [5], both layers are poured from
the same B35 concrete class, and the original and new concrete layers are connected
using a mechanical cutting method. That is, in the cutting method, the surface of the
original sample is cut, and the resulting voids are filled with a new concrete layer,
forming a single structure. Due to the presence of basalt fiber in the composition of the
new concrete layer, structural reinforcement is not used.

Sample 1 Sample 2
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Figure 1. Sample model made of Figure 2. Sample model with additional
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Figure 3. Sample selected as a beam.
The calculations begin by determining the working height of the structure, i.e. the
distance from the center of gravity of the reinforcement to the compressed surface of
the section, hO=h-a. The height of the compressed zone of the concrete is determined
by X.
We determine the height of the compacted area of concrete using the following formula
R-A =R, -b-x
X=R,-A/R,-b
The formula for determining the reinforcement surface area is:

A, = wd? /4
We determine the strength of the sample in terms of the ultimate bending moment using
the following formula.
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M <Rp-b-x-(hy—0,5x)
The ultimate bending moment when the specimen height is increased as a result of
placing an additional concrete layer is determined using the following expression.
M <Ry, b-x-(hy+hg—05x)
Where: Ry o- design resistance of the new concrete layer.
hg- height of the new concrete layer

R, - A,
" Rpqb
If the above formula is not valid, i.e. x>hq[2]:

M <R, b(x — hq)(h0 + 0.5h, — O.Sx) + Rpq b hy(hg+ 0.5h,)
Rs*As=Rpg b-hg+Ry,-b-(x—hgy)
The deformation that occurs in a sample under load, i.e., its vertical deflection, is
determined using the following formula.
S5M.l;,
fo = 48KE, 1o

X

Moment of inertia:
h3

ket =5+ 4

When two-layer concrete is used in structures, their vertical stiffness is determined by
the following formula[5].

Mcn
fo = ;

by - h2 [Rb,serl *Agenn + Ry ser2 " Arez " Ev2/Eps

Akel Akel
Theoretical calculations were performed based on the above conditions and formulas
and are presented in Table 2.

Table 2

Sample X,m |h'm As, m? |1 M, P, kN | fm

) ) ) kNm ) )
Theoretical
calcj‘ulatlons, 0,004 0.18 0,00032 5,3095E- 13,25 58 90 0,000
ordinary 7 05 3)
concrete
Theoretical
calculations, 0,004 0,25 0,00032 0,0001402 18,48 82,16 0,000
KMB 5 7 2
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By laying a new layer, an additional load appears on the specimen along with an
additional ultimate moment. In this case, the values of the ultimate and bending
moments in specimens 1 and 2 and the differences between them are given in Table 3,
respectively.

Table 3

Sample M M
Xususiy | chegaraviy

Theoretical
calculations,
ordinary
concrete

0,18 |0,1 |09 2500 |40,5 |4,10 13,25 9,15

Theoretical
calculations, |0,25 | 0,1 0,9 2500 |[56,25|5,70 18,48 12,79
KMB

The data in Table 2-3 show that by laying an additional concrete layer on the structure,
the structure was strengthened.

* by theoretical studies — 30%.

The following reduction in the deformation values of the samples was achieved.

* by theoretical studies — 40%.

Based on the graphs in Table 3, it can be concluded that as the height of the structure
increases, the bending moment value increases, as well as the specific gravity increases
symmetrically. Considering that the thickness of the newly poured concrete layer
should not be less than 60 mm[5], we can consider the thickness of 70 mm proposed
by us as the optimal value for the structure.

Conclusion.Another main goal of the experimental test was to determine the sequence
of simultaneous failure of both layers when cracks appear in the sample, as well as the
opening of the joint boundary of the two concrete layers and the appearance of vertical
cracks. During the loading process, vertical cracks first appeared in the sample and
continued to the upper part. The opening of the two concrete layers appeared after the
vertical cracks. Therefore, in this case, the two concrete layers have the property of
working together under the influence of the load.
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