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Abstract. The article deals with the effect of prestressed reinforcement without adhesion to
concrete on the deflections of a slab of monolithic flat overlapping. One of the drawbacks that
prevent the wide spread of beams, is the development of excessive deflections in the center of
the slab. The aim of the study is to determine the level of influence of prestressed reinforce-
ment without adhesion to concrete on the deflections of a slab of monolithic slabs, and also to
compare the results on the deflection of plates with the contour and diagonal arrangement of
the prestressed reinforcement. The shape of the rope is represented by the part of the parabola
passing through the points of the rope support. On the support, the vertical and horizontal com-
ponents of the reaction are determined by the longitudinal force in the rope and the exit angle
of the rope. Plates of monolithic flat overlap 9x9m with diagonal and contour pre-stressed rein-
forcement were investigated. The influence of the arrangement of prestressed reinforcement on
the deflections was evaluated in the Scad Office program. The deflection of the guy was simu-
lated in the form of nodal forces, the number of which depends on the accepted grid, and the
magnitude of the coordinate of the node point and the value of the resistance force on the sup-
port. According to the results of the study, the use of high-strength reinforcement without ad-
hesion to concrete reduces the deflections in the center of the plate to 14.5% compared to the
plate without prestressing. The difference in deflections in the center of the plate, with contour
and diagonal ropes, is 16.33%. Analysis of the results allows a positive assessment of the use
of high-strength reinforcement without adhesion to concrete to reduce the deflections of slabs
without beams.

Key words. Monolithic flat overlap, monostrend, tensioning armature, deflection, rope, diago-
nal arrangement of prestressed reinforcement.

1. Introduction

One of the drawbacks preventing the wide spreading of flat ceilings is the development of excessive
deflections in the center of the slab. Thus, at spans of more than 7 meters, Russian standards recom-
mend that capital be built up to reduce deflections or additionally use a high-strength prestressed rein-
forcement without adhesion to concrete, without providing information about the calculation [1].

The aim of the study is to determine the level of influence of prestressed reinforcement without ad-
hesion to concrete on the deflections of a monolithic flat overlap plate, and also to compare the results
on the deflection of plates with the contour and diagonal arrangement of prestressed reinforcement.

The object of the study were slabs of monolithic flat roofing 9x9 m with a diagonal and contour
prestressed reinforcement. The thickness of the plates is h = 200 mm, the protective layer a=a'=30
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mm. Class of concrete B30. Section of the column 300x300 mm. Prefabricated reinforcement is used -
three ropes of class K7O monostrend in each direction [14]. The area of one rope is A;,=1.54 cm?,
Rsn=1860 MPa, E;,=195000 MPa. The level of prestressing taking into account the elastic compres-
sion and all losses 64,=0.7-1860=1302 MPa. The prestressing force is Ngo=NGgpo-Asp=3-1.54-10
%.1302-10%= 601.52 kN. The initial deflection of the ropes during fabrication f,=h-a-a'=200-30-
30=140 mm, the relative deflection at the center of the plate /200, absolute - (900-30)/200=4,35 cm.

In European [2 - 4] and in American [5] norms systems with cohesion with concrete and without it
are separated, but for the latter they are limited by the coefficients of pre-stress level limitation. The
detailed justification of the introduced coefficients in the norms is not indicated.

Several modern works on this direction, taking into account the work of prestressed reinforcement
without adhesion to concrete, are devoted to a monolithic overlap only with the orthogonal arrange-
ment of prestressed reinforcement [6 - 13].

The methods and conditions for fixing ropes in monolithic slabs can be chosen in accordance with
[15-19].

Some questions of the use of prestressed diagonal reinforcement without adhesion to concrete in
non-beam ceilings and its effect on the strength of the slab of such an overlap were considered by the
authors in the previously published works [20 - 26].

2. Methods

The tensile reinforcement in the form of several ropes (1-5 pieces) can be laid between the columns
along the contour or diagonally. The position of the ropes along the height of the cross-section, as a
rule, corresponds to the expected moment diagram and, with a uniformly distributed load, can be rep-
resented as part of a parabola or circle.

In work, the form of the rope position is represented by a part of the parabola passing through the
supports A and B, and the height by the deflection f (Figure 1).
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Figure 1. To determine the deflections of the slab
The initial parabola equation

4 f

y=—"1zxX(x=1). (1)

The area of a parabola is determined by integrating equation (1)

X
S, = 1—*]0 x(l — x)dx @)
For limits from 0 to I, the area of the parabola is
4f 2 I 21l
S,=XG—32)=%. ©)

f — deflection;
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x, Yy — coordinates;

| — distance between the column axes diagonally or along the contour, is adopted depending on the
type of calculation.

The vertical component (deflection) of ropes depends on the angle of inclination of rope a and at
any point i the repulsion is equal to

Pi=NspSinai. (4)

Ngp - prestressing force.
On the support, the vertical reaction V and the horizontal H are determined by the longitudinal
force in the rope and the exit angle a. The angle a is differentiated by equation (1)

V=tga=—"7(2x—1) ()

For x=0 tga=4f/l. The angle o is calculated.
The rebound can be represented as the total area of two half-parabolas (Figure 2)

So=Pmaxl/3 (6)
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v

Figure 2. Calculation of rope rebound

The maximum value of the support pna is determined from the condition that the sum of the pro-
jections of all forces on the ordinate axis is zero. On the vertical reaction on the support V, the maxi-
mum value of the support ppax.

2V = Prad/3, (7)
Consequently
Prmax =6V/I. (8)

The distribution of the resistance along the length at the origin of coordinates at the point A is ex-
pressed by the formula (9)

Pi :_pmax_4?2max X(X_I) ©)
or

Pi = — Prmax %X(X_I)) (10)



FORM 2018 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 365 (2018) 062018 doi:10.1088/1757-899X/365/6/062018

In accordance with formula (6), the angle of exit of the guy on the support and the vertical reaction
of the support V were determined. The maximum pya and current p; values of the parabolic load inten-
sity were calculated from formulas (8 and 10).

3. Results
When comparing deflections, it was taken into account that the ratio of the maximum deflection of the
over-column strip to the deflection at the center of the span, in accordance with [22], is equal to
(0,6=7)f. This circumstance is important when assessing the effectiveness of prestressing in non-beam
ceilings.

The values of node loads for a finite element of 0.5x0.5 m up to the axis of symmetry are shown in
Figure 3.
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Figure 3. Distribution of nodal forces along the length of the rope

The influence of the arrangement of prestressed reinforcement on deflections was evaluated in the
Scad Office program [27]. The grid was taken at 0.5x0.5 m, the anchoring in the corners is rigid. The
load is evenly distributed g=5 kN/m?. The rebound was represented in the form of nodal forces, the
number of which depends on the accepted grid, and the magnitude of the node's coordinate and the
value of the support on the support. The results of calculations of plate deflections for diagonal and
contour positioning of ropes, as well as without ropes are presented in Figures 4, 5 and 6.
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Figure 4. Distribution of plate deformation without prestressing
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Figure 6. Distribution of deformations of a plate with a contour pre-stressed reinforcement

Comparative results of the maximum deflections in the center of the plate for different rope loca-
tions are shown in Table 1.

Table 1. The deflections in the center of the plate with different ropes

The level
of Deflections in the center of the plate f, mm
prestressing
G, Without With contour rop-es With diagonal ropes
MPa prestressing ~ Absolute,  Reduction of ~ Absolute,  Reduction of
mm deflection, % mm deflection, %
1302 43.26 36.96 14.56 37.97 12.23
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4. Discussion

In recent years, more attention has been paid to monolithic ceilings. Frame-monolithic is now one of
the most popular types of construction. Since the development of excessive deflections in the center of
the slab is one of the drawbacks preventing the wide distribution of beams, therefore to expand the
range of spans and loads for buildings of this type, a fuller study of the work of monolithic ceilings is
needed.

As a result of the study, the authors established the levels of influence of prestressed reinforcement
without adhesion to concrete on the deflections of a monolithic bezel, and a comparison was made
between the results of deflection of plates with the contour and diagonal arrangement of the pre-
stressed reinforcement.

Knowing the values of deflections is necessary when calculating the strength of monolithic beams
without overlapping with simultaneous use of conventional and high-strength reinforcement in order
to prevent constriction of the reinforcement and maximum use of its strength characteristics.

5. Conclusions
1. Analysis of the results allows a positive assessment of the use of high-strength reinforcement with-
out adhesion to concrete to reduce the deflections of slabs without beams.

2. The use of stressed reinforcement without adhesion to concrete reduces the deflections in the
center of the plate to 14.5% in comparison with the plate without prestressing.

3. The difference in deflections in the center of the plate, with contour and diagonal ropes, is
16.33%. However, with the diagonal arrangement, the total length of the ropes (between the column
axes) is 25.46 m, and for the contour 36 m, i.e., more than 1.4 times, and for tensioning the diagonal
reinforcement on both sides only 4 working points are required, and the contour line - 8 , Which is
important from the point of view of economy of a design.

4. The effect of prestress on the movement of the plate is regulated by the number of ropes and the
initial level of stress. An increase in the height of the plate leads to an increase in the initial deflection,
an increase in the forces of repulsion, and a reduction in deflections. However, in order to satisfy the
requirements of the first group of ultimate strength states, the establishment of the pre-stress level of
the ropes should be made taking into account the possible achievement of design stress in the high
strength reinforcement.
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