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Abstract

The purpose of this article is to present the results of the study of the operational suitability of the existing induced
airfield coating by experimental and theoretical methods. Based on the analysis of the results of the research, it was
determined that the material that provides performance characteristics, namely: crack resistance, tensile strength,
impact strength, abrasion resistance - is a modified concrete, i.e. concrete with additives that have a positive effect on
the structure and operational properties. This paper presents the results of studies of the reinforcement layer made of
concrete with the introduction of the most common modifiers of polymeric substance (polymer-cement RCC - Polymer

Cement Concrete) and basalt chopped fiber - fiber (basalt fiber concrete FRC - Fiber Reinforced Basalt concrete).
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1. Introduction

Operation of monolithic concrete aerodrome
pavement in the conditions of action of weather-
climatic factors and considerable loadings from
modern types leads to wear of a surface, formation
of defects in the form of various types of cracks,
chipped edges of plates, sinks, potholes, etc. As a
result, the bearing capacity and durability of the
aerodrome structure as a whole is reduced.

In modern conditions, increasing the level of
operation of aircraft, especially heavily loaded, the
issue of ensuring the proper condition of aerodrome
structures becomes relevant.

Elimination of defects of aerodrome pavements is
most often carried out by arrangement of a layer
from concrete or asphalt concrete that promotes
improvement of roughness of a surface and a little
strengthens a design - increases its bearing capacity.

But when arranging layers of such materials, the
stresses from the action of aircraft remain
significant, the probability of cracks in the lower
zone of the plate (on the border with the artificial
base) also does not decrease.

2. Analysis of the research and publications

Based on the analysis of literature sources and
research results, it was determined that the material
that provides crack resistance, tensile strength,

toughness, abrasion resistance - is a modified
concrete, a concrete with the introduction of
additives that positively affect the structure and
performance. This paper presents the results of
studies of the reinforcement layer made of concrete
with the introduction of the most common modifiers
of the polymeric substance (concrete polimer-
cement PCC — Polimer Cement Concrete) and basalt
chopped fiber - fiber (basalt fiber concrete FRC —
Fiber Reinforced Basalt concrete).

In polymer-cement composites (PCC) the
polymerization process occurs before or in parallel
with the hydration of the cement, which provides
resistance to dynamic loading, high compressive,
flexural and tensile strength, sufficient adhesion to
the lower layer and water resistance.

Strength of fiber concrete (FRBC) due to the
combined interaction of basalt fiber and cement
matrix, as a result of which they are equally subject
to Hooke's law, ie the strength of concrete at a given
deformation is determined by the volume of
components and their modulus of elasticity. The
ratio of modulus of elasticity Ed/Ep>1
(280*103MPa/4,2*10% MPa>1), that is FRBC will be
characterized by high crack resistance, compressive
and tensile strength, impact strength and wear
resistance.
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3. Research part

The following materials were used for preparation of
concrete mixes:

- Basalt fiber obtained from basalt coarse
fiber d 5-8 mm, length 8 mm;

- Portlandcement PC 400;

- Plasticizing additive from Stachem.

Physico-mechanical properties of concrete were

determined by testing samples - cubes measuring
10x10x10 cm and prism samples measuring
10x10x40 cm, at the age of 28 days after curing

under normal conditions according to current
regulations.
Physico-mechanical properties of concretes
accepted for research are given in table 1.
Table 1
Physico-mechanical properties of modified concrete
Concrete warehouses
Indexes Polimerce-| Fiber- | Concrete
ment | concrete|(traditional)
concrete | (FRBC)
(PCC)
Compressive 67,5 72,4 46,8
strength, MPa, at the
age of 28 days
Tensile strength in 8,56 9,21 6,54
bending, MPa, at the
age of 28 days
Modulus of
elasticity, MPa
- incompression | 0,9*10* | 2,6%10* | 3,12*10*
- tensile when 0,3*10* | 0,5*10* | 0,1*10*
bending
Poisson's ratio 0,12 0,14 0,15
Density, xg/m® 2350 2680 2420

Analyzing the data in table 1 it is seen that basalt
fiber concrete has higher strength, and especially
tensile strength in bending than traditional concrete,
which indicates the presence of chemical interaction
between the neoplasms of the plasticizer and fiber
and aggregates. Increased values of the modulus of
elasticity of fiber concrete causes higher stresses that
will occur in the concrete slab when applying the
load.

Thus, the proposed types of concrete can be used
to arrange a layer of reinforcement that will ensure
its high strength properties and deformation
resistance.

But the efficiency of the reinforcement layer is
due not only to the properties of the materials from

which it is arranged, but also from the optimal
thickness, which together provides resistance to
force, temperature, moisture and shrinkage.

The choice of the thickness of the reinforcement
layer was made taking into account the technological
capabilities of the layer on the existing coating and
the effect of deformation on the stress state of the
aerodrome structure. Thus, the choice of layer
thickness within 3 cm, 5 cm and 8 cm was justified
by the following conditions:

- thickness of 3 cm - the minimum at which there
is no shift of a layer concerning a concrete covering,
at dynamic loadings from wheels of the chassis of
PS (protective layer);

- thickness of 5 cm - due to the size (depth,
width) of the defects of the concrete surface;

- thickness 8 cm - maximum, due to the need to
increase the bearing capacity of the aerodrome
structure (reinforcement layer).

To compare the characteristics, tests of a concrete
slab 22 cm thick without a reinforcement layer were
performed.

The amount of adhesion (m) of the arranged layer
to the existing coating was taken m<2,65 MPa. The
load was a six-wheeled support of the aircraft with a
diameter of 0.68 m. The effective pressure in the
pneumatics of the wheels of the aircraft is 1.25 MPa.

Modeling of the layer thickness was performed
with the determination of the slab deflection, normal
and tangential stresses in the slab concrete and the
reinforcement layer.

The stress-strain state (VAT) of an aerodrome
coating with a bearing layer lying on an elastic
Winkler base is determined on the basis of the
provision that the prints from the tires do not move
horizontally and the forces from the aircraft support
are evenly distributed on the aircraft wheels.

Due to the complexity of the actual operation of
aerodrome coatings, the basis of the analytical
model of this process is a three-layer model (base,
existing coating, reinforcement layer) implemented
in the universal calculation complex "Matlab".

The research was carried out under the condition
that the Poisson's ratio of the arranged layer is less
than the concrete of the slab ppec<ticonc, UrrBC<MHconc.
The scheme of research is shown in table 2.
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Table 2
The order of the experiment
Cases are considered
Construction of | | 1l
an aerodrome
plate

HFRBC>Heone | HFRBC<|conc s
Hpcc™Heonc Hpcc<MUeonc °r

Concrete 22 cm
Polimerconcrete
3cm

Concrete 22 cm
Polimerconcrete
5cm

Concrete 22 cm
Polimerconcrete
8cm

Concrete 25 cm

Concrete 27 cm

Concrete 30 cm

The scheme of division of an aerodrome plate on
sections is shown in Fig. 1.
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Fig.1. Scheme of the breakdown of the
aerodrome plate in sections
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The calculations of the stress-strain state of the
coating slab with a layer of RCC and FRBC with a
thickness of 3 cm showed that in | and Il cases the
values of normal stresses in the lower part of
concrete are greater than the normative
characteristics of concrete strength by 17% RCC
and 14% FRBC, i.e. in sections Il and VI in the
lower zone of the plate may crack, the thickness of
the layer is insufficient.

When the thickness of the RCC and FRBC layer
is 5 cmin | and Il cases, the load from the multi-
wheel support is redistributed by the RCC layer and
then transferred to the concrete, with tangential
stresses reaching a maximum value at a depth of
10.5 cm. degrees, and the tangential stresses reach a
maximum value at a depth of 12 cm, but the
possibility of crack formation in the lower zone of
concrete is very large and especially in the Il and IV
sections, ie the layer thickness of 5 cm is
insufficient.

Thus, the calculations were performed at a
thickness of the reinforcement layer of 8 cm
enclosed with RCC and FRBC concrete. Since the
Poisson's ratio of RCC and FRBC concretes is lower
in values than traditional concrete, the calculations
were performed ppcc<pcone  and  prrec<Meone  fOr
supports and weight of aircraft more than An-22
(225t) at the constant modulus of elasticity of an
artificial basis.

The research results are shown in Fig. 2-5 and in
table 3.

Analysis of the monolithic rigid aerodrome
coating with a reinforcement layer of RCC and
FRBC concrete 8 cm thick with ppcc<piconc and
urrec<Meone  Showed that when laying a layer with
RCC, the maximum normal stresses were
distributed as follows: in the upper zone of the
polymer-concrete layer, the gain ¢ = -1.1 MPa; at
the boundary of polymer concrete and concrete
jump value o = 0,4MPa; in the lower zone of
concrete o = 1.45 MPa.

At a depth of 1 cm in the polymer concrete layer
of reinforcement, the value of the maximum
tangential stresses was 3.0 kPa, and at the boundary
of the polymer concrete layer of reinforcement and
concrete coating, the value of tangential stresses was
20.0 kPa. The maximum value of tangential stresses
is reached at a depth of 8 to 12 cm in concrete, the
value of normal stresses at this depth is zero. In the
lower zone of concrete t = 8.0 kPa. The total
deflection of the plate was 4.3129 mm.
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Analyzing the cross section at a depth of 4 cm,
we find the zones of maximum normal stress in the
upper zone of concrete with a value of 6 =-2.7 MPa
in the Il and VI sections. In the lower zone of
concrete, the values of normal stresses in the
maximum in Il and VI sections and amounted to 2.7
MPa (in cases of using a polymer-concrete

reinforcement layer with a thickness of 8 cm and
concrete 22 cm at pece<pleer 6 = 1,45 MPa). The
magnitude of the tangential stresses is maximum at
a depth of 12 to 16 cm in sections | and VII, and the
value of normal stresses at this depth is zero. In the
lower zone of concrete, the value of the maximum
tangential stresses is zero. The total deflection of
the plate was 3.9405 mm.

Consider the plots ¢ and 1 in sections | and Il
(Figures 2.19 and 2.20). On the concrete surface
(figure 4) o = 0.48 MPa, in the lower zone of
concrete the value of ¢ = -0.49 MPa. At a depth of
15 cm in concrete, the values of normal stresses are
zero. Tangential stresses in the lower zone of
concrete are zero. At a depth of 15.0 cm Tmax =
127.0 kPa.

On the surface of concrete (figure 5)

= -2.7 MPa, in the lower zone of concrete 6 = 2.7
MPa. At a depth of 15.0 cm in concrete, the values
of normal stresses are zero. The point of transition
through zero corresponds to half the thickness of the
concrete slab, which indicates its optimal
performance. Tangential stresses in the lower zone
of concrete are zero. The maximum tangential
stresses were observed in the concrete cross section
at a depth of 15.0 cm and were tmax = 2.9 kPa.

At a depth of 15 cm, the tangential stresses
increased to the maximum value and amounted to
127.0 kPa in sections | and VII (Figures 2 and 5), ie
the plate works without cracks and is strong
enough.

Thus, analyzing the stress-strain state of a
monolithic concrete aerodrome coating with a layer
thickness of 8 cm of concrete (concrete 22 cm and a
reinforced concrete layer with a thickness of 8 cm
With prrec<peonc ), We conclude that it is advisable to
use as a layer of reinforcement fiberglass at a
thickness of 8 cm with prrec<piconc, S0 the FBRC
absorbs the load to a greater extent than the
reinforced concrete layer (RCC), redistributes it and
transfers it to the concrete. FBRC reduces the
values of normal and tangential stresses throughout
the thickness of the slab structure, concentrates the
maximum tangential stresses below the center of the
concrete slab, which prevents the separation of the
fiber concrete layer of reinforcement.
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Table 3
The results of the calculation of normal (6) and tangential (t) stresses
Ne Values of normal normal (o) and tangential (1) stresses in sections
Types step I II 11 v \% VI Vi
of aerodrome .
pavement grids,| o T c T c T c T c T c T c T
material cm |MPa| kPa | MPa |kPa| MPa |kPa| MPa |kPa| MPa | kPa | MPa |kPa| MPa | kPa
Fiber 0 |048| O -23/01(012| 0 (-1,75{ 0 |012| O |-23| 0 (048] 0
concrete 1 (043|-10,0| -2,1 |-0,4|0,05| 25 | -1,7 | 0 |0,105|-25,0| -2,1 | 0,4 | 0,43 |10,0
Eb:1l,:9|:i?(§f‘,MPa 2 |041|-2001|-19 |-0,8/0,095| 4 | -15| 0 |0,095| -40| -1,9 |0,8| 0,4 |20,0
u=0,14 3 /035|-350|-18 |-1,3|0,08| 7 |-1,35| 0 |0,08| -7,0 | -1,8 |1,3| 0,35 (35,0
0 |08 0O |-065/ 0| 03 |0 |-052| 0 | 0,3 0 |-065| 0 |018| O
1 (017| -0,8 | -06 |1,0| 0,29 |05|-049| 0 | 0,29 | -0,5| -0,6 |-1,0| 0,17 | 0,8
Polimerconcrete,| 2 [0,16| -1,5 [-0,55|2,0| 0,27 |0,8|-045| 0 | 0,27 | -0,8 |-0,55|-2,0| 0,16 | 1,5
Ebzoﬁol?‘;wa 3 (015 25 | 0530|025 |10|-042| 0 | 025 | -10 | 05 |-30| 015 |25
’ 4 1014| -35 |-0,45|35| 0,23 |1,25| -04 | O | 0,23 |-1,25|-0,45|-3,5| 0,14 | 3,5
5 |012| 45 | -04 43| 02 [15|-038| 0 | 0,2 | -15| -0,4 |-43] 0,12 |45
0 [063]-350|-29|-13|/014| 7 |-235| 0 |0,24|-70|-29 |1,3| 0,63 (35,0
4 |035|-8701|-19|-28/007|16|-14 | 0 |0,07|-16,0| -1,9 | 2,8| 0,35 |87,0
Concrete, 8 |0,12}118,0 | -0,8 |-3,7| 0,02 | 22 |-0,45| O | 0,02 |-22,0| -0,8 | 3,7 | 0,12 |18,0
Ep=3,24*10* MPa| 12 |-0,121-119,0 | 0,5 |-3,7|-0,04| 23 | 05 | 0 |-0,04|-23,0| 05 |3,7|-0,1219,0
u=0,15 16 [-0,38) 930 | 1,7 [-28]-011|175] 1,4 | 0 [-011[-175] 1,7 |28]-0,38(93,0
20 |-06|-370| 28 |-1,3/-0,17|75| 23 | 0 |-0,17| -75 | 2,8 |1,3| -0,6 (37,0
22 |-0,72| © 3410 (-021| 0 |273| 0 |-0,21| O 34 |0 (-072] 0
4. Conclusions aircraft, it is rational to use an 8 cm thick

Studies have confirmed the positive use of basalt
fiber for the preparation of fiber concrete and the
arrangement of a thin-layer coating to improve the
properties of the existing concrete aerodrome
coating.

The optimal layer thickness varies from 3 to 8
cm, depending on the functional purpose, taking
into account existing technological capabilities.

Calculation of the stress-strain state of the
aerodrome pavement slab shows that the
reinforcement layer of fiber concrete to a greater
extent reduces the action of normal and tangential
stresses, evenly redistributes the load, provides no
cracks in the lower zone of the slab, has a high
adhesion to the concrete pavement compared with a
polymer layer.

Thus, in modern conditions of aerodrome
operation, increasing the intensity and weight of

reinforcement layer of concrete dispersed with
basalt fiber (FRBC), which improves the stress-
strain condition, increases the quality and durability
of existing aerodrome coverage .
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K.B. Kpawukina

MopenoBaHHsI po0OOTH KOPCTKOI A¢POIAPOMHOI KOHCTPYKIIl 3 IapoM NocuieHHs i3 MoandikoBaHoro
0eToHy

HarionansHuit aBianiinuii yHiBepcureT, npoct. Jlrooomupa ['y3apa, 1, Kuis, Ykpaina, 03058

E-mail: ekrayushkinal5@ukr.net

MerTor0 1aHOi CTATTi € MPENICTABICHHS Pe3yIbTaTiB JOCHTIKEHHS eKCILTyaTalliifHOl IPUIATHOCTI iCHYIOYOTO
HaBEJICHOTO TIOKPHUTTS aepoAPOMY EKCIICpUMEHTAIBHUMH Ta TEOPETUYHUMH MeToJaMu. Ha ocHOBi aHamizy
PE3yIbTaTIB MPOBEACHUX OCIiIKEHb OYyJI0 BU3HAYEHO, [0 MaTepialioM, SKUW 3a0e3Iedye eKCILTyaTarliifHi
XapaKTepPUCTUKH, a caMme: TPIIIUHOCTIHKICTh, TPUBKICTh Ha PO3TST, yAapHY B’S3KICTh, OMip CTHPAHHOCTI — €
MoauikoBannii 6€TOH, TOOTO OETOH 3 BBEIACHHSM MOOABOK, SIKi TO3UTHBHO BIUIMBAIOTh Ha CTPYKTYPY 1
eKCIUTyaTalliifHi BiacTUBOCTI. B maHili poOOTI mpuBeAeHI pe3ynbTaTH IOCHIPKEHb IIapy ITOCHUICHHS,
YITaIITOBAHOTO 13 OETOHY 3 BBEICHHSAM HAHOUIBII MOMMPEHUX MOTU(IKATOPIB MOIIMEPHOT pedoBUHH (OETOH
nonimep-uemenTHul PCC — Polimer Cement Concrete) ta Ga3anpToBOro pyOneHOro BojJokHa — (iOpu
(pibpoberon 6azanbroBuit FRC — Fiber Reinforced Basalt concrete).
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JKECTKOM  a3POJAPOMHOIl  KOHCTPYKLHMH €O CJOeM YCHJIeHUSI U3

Llenbto JaHHOM CTAaThM SBISETCS MPEJCTABICHUE pPE3YJIbTATOB HCCIICAOBAHHMS JKCIUTyaTallMOHHOM
MPUTOHOCTH CYIIECTBYIOIIETO MOKPBITHS a3POIPOMa IKCIIEPUMEHTAIBHBIME U TEOPETHUECKUMH METOIAMU.
Ha ocHOBe aHanmu3a pe3yJbTaTOB IMPOBEICHHBIX HCCICIOBAHUN OBUIO OINpPEAEICHO, YTO MaTEepPHAIIOM,
KOTOPBIN 00eCIIeunBaET IKCILTyaTAHOHHBIC XapaKTEPUCTUKH, @ UMEHHO: TPEIIMHOCTOMKOCTD, IPOYHOCTh Ha
pacTsDKEeHUE, YIaPHYIO BSI3KOCTh, COMPOTUBIICHUE UCTUPAEMOCTU — 3TO MOAUDUIIUPOBAHHBINA OSTOH, TO €CTh
0eTOH ¢ BBeJICHHEM JJ00ABOK, KOTOPbHIE MO3UTHBHO BIMSIOT HA CTPYKTYPY M OKCILIyaTallMOHHBIC CBOWCTBA. B
JaHHON paboTe MpPUBEICHBI Pe3yJIbTaThl HMCCIICOBAHUN CJIOSI YCHJICHHUS, YCTPOSHHOIO W3 OETOHa ¢
BBEJICHHEM HanOoJiee pacHpOCTPaHEHHBIX MOAW(IKATOPOB MOJIMMEPHOro BemiecTBa (OSTOH IMOTUMeEp-
nemeHTHbIH PCC — Polimer Cement Concrete) u 6a3aibToBOro py0JaeHHOTro BojiokHa — (huOphI (hrudpodeToH
6azaneToBbIil FRC — Fiber Reinforced Basalt concrete).
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