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s cymmesoeo 3menuwenns 6azu naoc-
KUX MOHONIMHUX 3aNi300emonnux nepe-
Kpummis, pynoamenmie ma inmux naum-

1omv 6 npaxmuyi 6yoisnuymea epexmueni

JNleekux i dewesux mamepianie, aKi po3-
mawosyome 6 cepeoniii Hacmumi nepepi-
3y i 3aumaoms y naumax nicas ix 6emo-

Jcopcmricmy, i € nO CYmi NOPONHCHUHOYMEO -
protouumu. Pozensanymi ecmasxku € npus-
MamuuHuMu. 3a po3mMauly6anis 6cmasox
Y 060X HANpAMKAX, WO € XAPAKMEPHUM
ons Ginbwocmi NAUMHUX KOHCMPYKUI,
ompumyemo 080maeposi nepepiu, npu
PO3PAXYHKY AKUX NPOAHANI308AHO GNIUB
3a2aNbHUX 1 MICUEBUX CUN0BUX PaKxmo-
pis. 3a maxux ymoe naumu Heo6Xiono po3-
paxosyeamu 3 6paAxXye6aHHAM 0608iCHOI
pobomu Gemony. B cmammi posensnymo
Hanpydceno-depopmosanuii. cman naum-
HUX 3a71i300eMOHHUX KOHCMPYKUill 3 060-
HANPasIeHuM pPo3mMaumy8anHsIM 6CMAasokx,
a maxosc nooano odTpyHmyeanns pospa-
XYHKOBUX CXeM Ma Po3paxyHKosi 3anedic-
HOCMi, WO CIMOCYIOMbCA MEMOOUKU Po3pa-
XYHKY Nepexpummis ma itHWUX NaumHux
3ani300emoHnux Koncmpyxuii 3 0eona-
npasieHuM po3maulyéanHam 6CMasox.
Hageoeno npuxnao pospaxynxy mononim-
HO020 nepekpumms 3a 3anponoHoG6aHor0
Memoouxoro, AKUll noKasae, wo 6paxy-
eanns 0606iCH020 HanpyiceHo-0edopmo-
6anozo cmany Gemony cymmeso 36invuye
Miynicmo Gemony i jcopcmxicme nepe-
xkpumms —na 19,3 %.

Omoice, 6paxyeanis 0606iCHO20 CMUCKY
0emony € 6aNCIUBUM HUHHUKOM NPU NPOEK -
MYBAHHI NAUMHUX KOHCMPYKUi 3 08OHA-
npasaeHuM po3mauyeanHIM 6Cmasox

Kntouoei crosa: 3anizobemonii nopoic-
HUCmMi nauUmMHi KOHCMPYKUii, HAnpymsceHo-
depopmosanuii cman, 0606icHull cMuUcK
Oemony, po3paxymxosi cxemu, Mmiynicmo,
JHcopemricmo, NPUKIA0 po3paxyHKy
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1. Introduction

Construction operations have increasingly exploited
monolithic reinforced concrete floors and other slab struc-
tures with effective inserts whose application yields a signi-
ficant reduction in the natural weight of slabs, thereby saving
concrete and reinforcement fittings [1].

(http.//creativecommons.org/licenses/by,/4.0)

While the plastic inserts of various shapes are mainly
used abroad, operations in Ukraine involve prismatic poly-
styrene inserts that have the one-way (one direction) or
two-way arrangement of inserts.

Under conditions of arranging the inserts in both di-
rections, which is characteristic of most slab structures, it
is necessary to take into consideration the biaxial stressed-



strained state of concrete; however, the current calculation
procedures do not account for it.

2. Literature review and problem statement

Paper [2] considers the impact of a dynamic load on the
strength, deformability, and micro-crack-formation of con-
crete at its uni- and biaxial compression. Study [3] reports
the orthotropic model of concrete under the biaxial and
triaxial dynamic load. Articles [4, 5] describe the results of
studying a high-speed dynamic load. However, similarly to
work [2], the established dynamic influences are not charac-
teristic of the slab reinforced concrete structures considered.

Based on the results from [6], a model was proposed de-
scribing the stress and deformation ratio at biaxial compression.
However, it relates to recycled concrete and cannot be used for
standard concrete. A study into the biaxial compression [7]
was carried out using a special device that allowed control over
the deformation mode by changing the characteristics of rigi-
dity. However, the results obtained can be used only to analyze
methods for calculating statically undefined systems.

A twelve-year investigation into concrete exposed to a bi-
axial load demonstrated that the Poisson’s coefficient of creep
is approximately constant over time while the Young’s module
increases considerably [8]. However, the analytical descrip-
tion of these changes, given in the paper, is difficult to use.

Study [9] tested the biaxially stressed concrete of signif-
icant strength — from 58 to 94 MPa. However, the resulting
values of stress coefficients cannot be used for slab rein-
forced concrete structures, the concrete strength of which is
2...3 times less than the experimental concrete. Based on the
results of testing cubic samples (10x10x10 cm), study [10]
substantiated the criteria for concrete failure at biaxial
and triaxial compression. However, the proposed five- and
six-parametric models of concrete strength are difficult to
use in engineering calculations. The experimental-theore-
tical study of concrete deformation exposed to the biaxial-
ly-stressed state [11] considered only concrete and was used
for the calculation of beams lying on a pliable base.

Proposals for calculating the monolithic flat reinforced
concrete floors and other slab structures with a unidirectio-
nal arrangement of inserts, given in paper [12], relate to
determining the rigidity characteristics of slabs in both direc-
tions during their general static calculation, but excluding
the modified characteristics of concrete.

Our analysis of the literary sources allows one to con-
clude that there are neither justified estimation schemes nor
analysis of the stressed-strained state, which could be used to
calculate slab structures with a bidirectional arrangement of
inserts considering the biaxial work of concrete.

3. The aim and objectives of the study

The aim of this study is to substantiate the estimation
schemes of flat slab hollow structures with a bidirectional ar-
rangement of inserts taking into consideration the stressed-
strained state of concrete exposed to biaxial compression in
order to devise a procedure for their calculation.

To accomplish the aim, the following tasks have been set:

— to justify estimation schemes reflecting the stressed-
strained state of structures with a bidirectional arrangement
of inserts;

—to review and analyze estimation dependences that
describing the biaxial state of concrete;

—to demonstrate the application of the devised proce-
dure in practice using an example.

4. Substantiation of estimation schemes

Most structural solutions for reinforced concrete slabs
with inserts employ the square or rectangular outlines with
the appropriate interperpendicular internal arrangement of
intermediate beams-edges, that is the orthotropic slab struc-
tures. Their estimation scheme must consider and analyze the
presence of general and local strength factors.

Consider this using an example of the flooring slab with
rectangular inserts, part of which is shown in Fig. 1.

In the general design of the slab, we have, in the vicinity
of the cross-section of beams, the I-sections in each direc-
tion (directions X and Y — Fig. 2), hereafter, the I-sections.
When calculating the crack formation, we use an I-sec-
tion (Fig. 2, a); when calculating for the bearing capacity —
a conditional T-section (Fig. 2, b).

In the upper shelf of the flooring slab, this being an un-
cut structure, the middle (interbeam) part is exposed to the
momenta that stretch the lower fibers of the shelf, thereby
squeezing the upper zone.

Fig. 1. Part of the monolithic flat reinforced concrete slab
with prismatic inserts
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Near and above the beams, the shelf experiences the
momenta of the opposite direction (sign), which induce the
forces that stretch the upper fibers of the shelf and, conse-
quently, compress its lower zone (Fig. 3, a, b).

However, the stretching effort per unit length N7, of the
shelves, following the equilibrium conditions, is equal to
a similar compressing effort N;, (Fig. 3, ¢). Similarly, N, = N/,
which is why these pairs of efforts are mutually balanced and
in the projection onto the horizontal axis are equal to zero.

Thus, the estimation scheme of the upper shelves retains
the compressing stresses 6, and 6, due to the action of gene-
ral momenta M,, M,, (Fig. 3, d).

Possible cases of the estimation diagrams for an I-section
are shown in Fig. 4:

— the neutral axis of the I-section in the X and Y direc-
tions is in the edge (Fig. 4, a);

— the neutral axis in the Y direction is in the edge, and in
the X direction — in the shelf (Fig. 4, b);

— the neutral axis in the Y direction is in the shelf, in the
X direction — in the edge (Fig. 4, ¢);

— the neutral axis in the X and Y directions passes the
shelves (Fig. 4, d).

N

Fig. 3. The stressed state of the shelves of an |-section
(in Fig. 3, b—d, the efforts and stresses on the opposite
sides are not shown): a — general stressed state of the
cross-section; b — fragment «B»; ¢ — efforts in the shelf due
to momenta; d — stresses in the shelf

The estimation scheme is chosen in the calculation pro-
cess for each case.

5. Estimation dependences of the biaxial
compression of concrete

A comprehensive study of the concrete compressed in
both directions that was conducted at the DP State Scien-
tific and Research Institute of Building Structures (Kyiv,
Ukraine) [11] has shown that under conditions of a biaxial
state a positive effect is observed on the boundary strength
and deformation properties of concrete. Thus, the strength of
concrete increases by 16..30 % (Fig. 5), the deformations —
by 23..56 % (Fig. 6), depending on the level of the second
component of stresses in concrete G,,.

Based on the results from our experimental study, and
with a reference to the studies by other authors [13], the
following dependences were derived [11]:

—~ 2
0“:1+1.386"2—1.15(6“J, (1)
cd cd ﬁd
~ 2
‘°”'1=1+2.15°"2—1.9s(%] , (2)
8bR‘ cd cd
in which:

=Gy =/, and &, =€, at 6,/ f,=0;
6, =13/, and g, =1.56¢,, at 6,,/ f,=0.4;
-0, =1.15f, and ¢, =1.23¢,, at ¢,/ f,=1.0.

In these dependences:

— 0,, — boundary values of the principal (greater) com-
pressive stress o,,;

— [, — estimation value of concrete strength for com-
pression;

— g, — deformations of concrete, corresponding to its
maximum strains along the direction of a greater compressive
effort (boundary values of relative defor-
mations of concrete for stress G,,);

— g,, — boundary deformations of con-
crete under a uniaxial compression;

- o, — transverse (perpendicular) com-
pressive stress to 6, (the second compo-

nent of stresses).

When this approach is used, one ap-
plies the experimental, normative, or
estimation values for the coefficient of
the polynomial in the axial compression
diagram.

Acting construction standards (DBN
V.2.6-98:2009) also take into consider-
ation that under a biaxial compression one
achieves the higher strength of concrete
and the greater critical deformations.
However, in contrast to proposals [11],
the dependence of concrete deformation

Fig. 4. Estimation schemes of the I-section: a — neutral axis is in the edges;
b, ¢ — neutral axis is in the edge and the shelf; d — neutral axis is in the shelf

and strain was adopted in a simpler form —
two-linear with rectilinear plots (Fig. 7).
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E , are the values of relative deformations and the
module of concrete elasticity, selected according
to Table 3.1 from DBN V.2.6-98:2009.

As one can see, underlying formula (3) are the
dependences recommended in work [11]; however,
in this case, it is not the characteristic (normative)
strength of concrete for compression used, but the
estimated strength of concrete for compression.

6. Example of the calculation of prisms
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Fig. 5. Boundary curve of concrete deformation under biaxial state:
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taking into consideration the biaxial
compression of concrete

6. 1. Source data
The chosen example is a flooring slab with poly-

ou/fa [T i 77777777 ! 77777777 :i 77777777 F 7]2&5?@;&17);;1;1{5&;[6]7—; styrene in'serts, Whose fragment is shown in Fig..8.
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12 b . sl IR N SR - ness of 10 cm. Given the thickness of the inserts
Coly 2\/ | < - V4 i o | i of 10 ¢cm and the total height of the flooring slab
I . P P3 | o / | | of 20 cm, the thickness of the upper and lower
1.0 J: / i 7/ y :\ i IR _______i shelves was adopted the same, 5 cm each (Fig. 8).
1 i | i /1 | According to the requirements by DBN V.2.6-
0.9 ' 0.'2 ' 0.'4 ' 0.'6 ' 0..8 ' l..() ' ) ! sz}fcd 98:2009, the working width of the shelves for all

boundary states is determined from formula:

Fig. 6. Boundary curve of concrete strength under biaxial state:
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Fig. 7. Dependence of the stresses and deformation
of concrete under the two-dimensional compression of the
non-compressed (1) concrete and compressed (2) concrete:
a — general scheme of biaxial stress;
b — dependence 6, —¢_

According to DBN V.2.6-98:2009, the dependences bet-
ween the stresses and deformation of concrete under its
biaxial compression are as follows:

fae=la 1.0+1.382—1.15[Z]2 3)
for 0<wo,/ f,<1.0 £,

€ase =Jawe / Ecto (%)

€ause =€ )

where G, are the actual transverse stresses of compression
in the general coordinates, due to compression; €_,, €., and

b =2b,,+b,, (6)

eff

where b,,, is the estimation width of the shelf, determined

from condition:

b

1 =0.2b,+0.11,<0.21, < b,

beff A

<b,.

(1)
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Fig. 8. Fragment of a monolithic reinforced concrete flooring
slab with prismatic inserts: 1 — columns; 2 — contour beams;
3 —inserts



In dependences (6) and (7): b, — the width of the edge;
b, — the estimation width of an overhang (console), /, — the
estimation length. Under conditions of pinching in the con-
tour beams [, =0.71.

Taking into consideration these recommendations, we
calculate the working width of the shelves of an I-section in
the X and Y directions.

6. 2. Determining the working width of the shelf in the
X direction

The estimated distance (Fig. 9):

Iy =0.71"=0.7-6.86 =4.8 m.
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Fig. 10. Determining the working width of the shelve

b =—=0.25m; in the Ydirection
b =0.25 +0.11; = 59 472 354 236 -1.18 -0.0393 0.0393 1.18 236
=0.2:0.25+0.1-4.8=0.53 m> b =0.25 m;
by =0.53m<0.2/; =0.2-4.8=0.96 m;
Accept by, =0.25m.
Accordingly, b, =2b;, +b;=2-0.25+0.1=0.6 m. :
7S
| —
% % 7 o
- HiE
100 1000 bl 1000 100 a
\m 554 467 35 -234 -1.17 -0.0426 0.0426 1.17 234
bifr =
bett1 bw  beftl
L 1 L I
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Fig. 9. Determining the working width of the shelf in the X direction
6. 3. Determining the working width of the shelf in the
Y direction
The estimated distance (Fig. 10): T -
b

[1=0.7-6.06=4.24 m;

by = 1 =0.5m;
2
by =0.2b! +0.11) =

=0.2:0.5+0.1-4.24=0.524m > b/ =0.5m;

b, =0.524m <0.2[§ =0.2-4.24=0.85m.
Accept b, =0.5m.
Accordingly, b}, =2b}, +b)=2-0.5+0.1=1.1m.

In addition to the geometric parameters, the source data
for calculating the standard I-sections are the values of bend-
ing momenta in both directions (M,, M,).

Fig. 11. Contour plots of change in momenta:
a — in the Xdirection; b — in the Y direction

In this case, the values of M,, M, were chosen accord-
ing to the results from the general statistical calculation of
a flooring slab as part of the frame of a building in the soft-
ware package LIRA Sapr13 with the use of shell elements and
linear elements (Fig. 11).

6. 4. Determining the required amount of longitudinal
working reinforcement fittings

To determine the required amount of longitudinal working
reinforcement fittings, we use recommendations from [15]
provided the neutral axis does not go beyond the compressed
shelf of an I-section. Under other circumstances, we apply
the recommendations from [16].




The required amount of reinforcement fittings, in accor-
dance with the guidelines from [15], can be calculated from
equation (8), pre-defining the magnitude of discriminant D
in square equation (9), to solve it, and the height of the com-
pressed zone considering the coefficient A=0.8:

bk-/;'(l‘xl _Asfyd = OY (8)
M
M +2Ad x, —2—EL = (); 9)
1 01 b}\,f;d
8M
D=4d} —-—*; 10
0 bxf, (10)
xizﬂ, (11)
-2
| %
= ]
As As fyd
b

Fig. 12. The stressed-deformed state of a cross section using
a rectangular diagram of the compressed zone

The resulting initial data for the calculation of an I-sec-

tion are given in Table 1.

Based on these source data and by using the estimation
dependences given by DSTU B V.2.6156:2010, we computed
the values of stresses in concrete in the X direction and in

the Y direction.

6. 5. Determining the stresses and estimation parame-
ters of concrete in an I-section

The stresses in concrete were computed in line with
a deformation methodology, the analytical apparatus of
which was developed by the DP State Scientific and Re-
search Institute of Building Structures (Kyiv, Ukraine) and
is given in DSTU B. V.2.6-156:2010.

The concrete deformation diagram was adopted in line
with expression (3.5) from DBN V.2.6-98:2009. In this expres-
sion, we substituted the characteristic value of the strength of
concrete, class C20/25. The deformations ¢, that correspond
to a peak point in the diagram are taken to be equal to 0.00171,
and the boundary deformations €, — 0.00385. The diagram
plotted in this manner (Fig. 13) was described, to simplify the
integration for determining the efforts in the concrete of the
compressed zone, by a fifth-degree polynomial.
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Fig. 13. Deformation diagram of concrete, class C20/25

In the slab, along the X and Y axes, the neutral axis was
within the upper shelf, which is why the fourth form of equi-
librium is implemented, in accordance with DSTU B V.2.6-
156:2010 (Fig. 14).
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" v < Fig. 14. Estimation diagram of an I-section
As As
For this form of equilibrium, valid are the es-
Estimated section Estimated section timation dependences given by DSTU B V.2.6-

in the X direction

inthe Y direction

156:2010:

b} =100 mm
by =250 mm
by, =1100 mm

h* =200 mm

Iy =50 mm

z) =155 mm
A =745 cm?

Momentum M* =38.9 kN-m
Concrete, class C 20/25
Reinforcement fittings, class A400C

b? =100 mm
b, =500 mm
b}, =600 mm
h? =200 mm

), =50 mm

z¥ =170 mm

A? =3.4 cm?

Momentum MY =21 kN-m
Concrete, class C 20/25 ” e
Reinforcement fittings, class A400C :

f;d (zu e/f1)2 ( L ] +
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+ZA“ » (12)
f k+2
| (b, +2b, I +
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We calculated the bearing capacity of normal cross-sec-
tions using the tabular processor Excel from equations (12)
and (13). Calculation results are given in Table 2.

Under the action of a bending momentum of 38.90 kN-m
in the direction of the X axis, according to a deformation
procedure, the height of the compressed zone xy=3.14 cm,
the relative deformations of reinforcement fittings are
0.0141, the extreme compressed concrete fibers — 0.0004659.
These deformations correspond to the concrete stress of
10.34 MPa (Fig. 15, ).

Under the action of a bending momentum of 21 kN-m in
the direction of the Y axis, according to a deformation pro-
cedure, the height of the compressed zone x1=3.13 cm, the
relative deformations of reinforcement fittings are 0.01694,
the extreme compressed concrete fibers — 0.00038295.
These deformations correspond to the concrete stress of
8.91 MPa (Fig. 15, b).

The derived values of concrete strength are used for fur-
ther calculations, accepting:

c,=0,=10.34 MPa,

0,=0,=891 MPa.

To be able to apply dependences (3), (8), given by
DBN V.2.6-98:2009, we shall check condition (3):

0<% 891 4510,
f, 185

The condition is met, so we determine the increased esti-
mated strength of concrete from dependence (3):

= f]1.0+1.3822-1.15 "2]2 -
£ f{ 138 ( }

ck -f;k
2
=18.5 1.0+1.38@—1.15 891 =28.5MPa.
18.5 18.5

Relative deformations:

8(3,0 = ][ck,c / Eck,c’

where e, =0.71x10> according to Table from DBN
V.2.6-98:2009.

Hence,
Table 2 s 053
Results from calculating a slab in the direction of the Xand Y axes E, =% = ————=36.3 GPa.
in line with a deformation procedure €, 0.71x10
Calculation The increased values of the concrete
Its in th , i ;
rgf;le ciig; ! fe ey | MkHm | N= 1 {/em | 6., MPa | o, kH/em® | M,kH-cm elas‘Flclty mod}lle are used in a repeated
P static calculation of the flooring slab.
axes Our comparison of the deflections
0.0003 | —0.0017 9.75E-05 7.314 —24.236 2589.925 contour plots shows that due to stren-
0.0004 | —0.0022 0.00013 9.215 -31.801 3384.164 Sthening and, accordihngly, an increase
X 00004| 00023 | 000014 | 9739 | 34025 | 3616.185 | 1 the concrete clasticity module the
deflection decreased from 11.2 mm to
0.0005 | -0.0025 | 000015 | 10242 | 36228 | 3845401 | (4 mm, that is by 19.3 %.
0.0047 | —0.0025 0.00015 10.339 -36.659 3890.155 Based on the increased indicators of
0.0003 | —00016 | 967E-05 | 7314 | 26891 | 1672.147 Concre‘lie Ttrength’ e Per}florm check-
ing calculations of the characteristic
0.0004 | —0.0019 0.00011 8.295 -31.125 1931.732 cross-sections of a slab for strength and
Y 0.0004 | —0.0019 | 000012 | 8483 | -31.964 | 1983.033 | crack resistance.
0.0004 | -0.002 0.00012 8.521 -32.131 1993.269
0.0004 | —0.0021 0.00012 8.908 -33.879 2100.002 N X N
7. Discussion of results obtained
in the calculation of slab
4.500 2.500 structures
£ 4.000 . ‘ ,
2 3500 5 2.000 We have devised and substantiated
2 3000 Z the estimation schemes of I-sections,
£ 5 500 4 yé" 1.500 which are the cross-sections of slab re-
2 2000 g inforced concrete structures with the
g 1500 g 1.000 bidirectional arrangement of inserts.
2 1'000 B 000 Compared to the generally accepted
2 0' 500 = schemes reflecting the stressed state
20 2 00 of each direction (X and Y), the de-
o 5 10 15 o 5 1o Vised schemes take into consideration

Stresses in the extreme compressed
concrete fibers, MPa

a

Fig. 15. Diagrams «momentum — concrete stresses»
for the estimated cross-sections of a slab: a — in the direction of the X axis;

b — in the direction of the Yaxis

Stresses in the extreme compressed
concrete fibers, MPa

the work of the slab reinforced concrete
structures in two directions.

Based on the analysis of the stressed
b state, it has been shown that due to the
local action of momenta in the shelves
of an I-section the compressive and
stretching efforts in the shelf are balan-



ced and there remain the stresses 6, and o, due to the action
of general momenta M, and M, (Fig.3).

To determine the compressive stresses in the shelves
of an I-section, we use dependences (1) and (2), which are
based on the experimental-theoretical studies to which we
also contributed. They reflect the fact that under the simul-
taneous influence of stresses in both directions (that is, at
biaxial compression) the strength and rigidity of concrete
significantly increase (Fig. 5, 6) — by 16..30 % and 23..56 %
depending on the level of the second component of stresses in
concrete. Accordingly, this positively affects the operation of
slab structures that are bent in both directions.

Based on the research results, we have proposed a cal-
culation procedure, whose special feature is the consider-
ation of biaxial work of concrete, which is a difference in
comparison with existing procedures for calculating slab
structures.

The procedure is illustrated by the example of calculating
an actual rectangular flooring slab in axes 3—5 between the
E-G axes of the total size in plan of 6.06-6.86 m (Fig. 8). To
determine the working width of the slab shelves in the X and
Y directions, we applied the estimation diagrams shown in
Fig. 9, 10. The bending momenta in the X and Y directions
were determined by employing the software package LIRA
Sapr 13 (Fig. 10, 11).

To determine the compressive stresses in the concrete of
an I-section, one needs to know the amount (a cross-section-
al area) of the longitudinal working reinforcement fittings,
which is calculated using dependences (8) to (11).

With these initial data and the class of concrete are
known (Table 1), we compute the stresses and deformability
of concrete in the I-section (chapter 6.5) in line with the
procedure given by DSTU B V.2.6-156:2010. According to
the values derived, the concrete strength and its module
of elasticity in a given example increased, respectively, by
39.4 % and 40.1 %.

The repeated general static calculation of the flooring
slab, used as an example, employing the SP LIRA has shown
that its deflections at the increased concrete elasticity module
had decreased from 11.2 mm to 9.04 mm, that is, by 19.3 %.

The quantitative indicators of the increase in rigidity, de-
rived from the example, should be checked by experimental
studies of actual slab structures (for example, a flooring slab
or its fragments).

In this case, the variables could include the general size
of a flooring slab in plan and the geometric dimensions of
inserts, concrete strength in the range from class 16/20
to class C25/30. It is advisable, in addition to a short-
term loading, to study a long-term loading, characteristic
of the actual conditions of operation for floors and other
slab structures.

8. Conclusions

1. We have devised and substantiated the estimation
schemes of I-sections, which are the sections of slab rein-
forced concrete structures with the bidirectional arrange-
ment of inserts. Compared to the generally accepted schemes
that reflect the stressed state of each direction separately, the
devised schemes take into consideration the joint work of
the hollow concrete slab structures in two directions, which
leads to an increase in the strength and deformation charac-
teristics of compressed concrete.

2. To determine the compressive stresses of concrete in
an I-section, it has been proposed to use the dependences
that are based on the experimental studies into biaxially
compressed concrete to which we also contributed. Accord-
ing to these studies, concrete strength increases by 16...30 %,
concrete deformations — by 23...56 %.

3. A procedure for calculating the hollow slab structures
has been devised, taking into consideration the biaxially
compressed concrete. We have given an example of calculat-
ing, in line with the proposed procedure, an actual flooring
slab with inserts, which demonstrated that accounting for
the biaxial strained-deformed state of concrete significantly
increases the strength and rigidity of concrete in a flooring
slab, by 39.4 % and 40.1 %, respectively. As a result, the de-
flections in an actual flooring slab, rectangular in plan, the
size of 5.76-6.21 m, decreased by 19.3 %.
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