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DESIGN AND CALCULATION OF AERODROMECOAING WITH HEATED SURFACE LAYERS

The developed constructions with heated by surface layers for aerodromes and auto roads when devel oped composition
of electroconductive concrete reinforced with chemical electrical conductive fibres being used was researched. The
experimentally obtained characteristics of ended conductive concrete reinforced with fibers were presented.
Calculation by developed heated construction of shell was made.

Pospobaeno xoncmpykyito nacpienoeo noxpumms 045 31iMHO-NOCAOKOGUX CMYe AepOOpOMi8 Ma a8MOMOOLIbHUX
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@ibpoenexmpobemony. Bukonano pospaxynku HaepieHoi KOoHCmpYKyii nokpumms.
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Introduction A drawback of the mentioned technical decision
Systems for heating surface layers of airport ryswaconsists in low safety of pipe lines, substantial
have been designed to prevent formation of slippssi Operating expenses on hermetic pipe lines sedlig,
and sleet upon the aerodrome coating and to esaf@re costs of repair-and-renewal operations and excgedin
operating of airfield in winter. Absence of stamiiaand expenditure of energy on sustaining the marked
classification of constructions based on this roite temperature of heat-transfer agent within the syste
may be explained by the complicacy of the problemmexpedient consumption of energy caused both by
which is not only scientific but techno-economicnadl.  heating of the shell and lower layers and
Thus the research in this sphere may be consitleted consumption of heat by the ground basis is a seriou
timely and perspective. drawback of the mentioned design as well.

Analysis of research and publications There also exist heating constructions with digcret

There exists a heating construction of airport rayw heating elements (metallic wires, fixtures, and
[1], which has a basis made of plated concrete afParate resistors) that are too difficult to immet.

the heating system constructed of metal pipd®r instance, one may consider the anti-icing ogati
embedded in concrete. The pipes are placed [ made in form of non-conducting net-structure
longitudinal direction of runway and equipped withwhere electro conducting elements made of steel
pump system to feed the heat-transfer agent. Heatshd are pulled through the reinforcing ribs. Each
water is used as the heat-transfer affentt). reinforcing rib has openings for heating elements

(fig. 2).

Fig. 1. Construction design of heated airport ruypwih
pump system feeding the heat-transfer agent tespipe
1 — two-layer bimetallic composite sheet with aluorimupper

layer: Fig. 2. Structure of the anti-icing coating:

2 — galvanized pipes; 1 — power supply;

3 — plated basis; 2 — heating elements;

4 — embedded elements 3 — non-conducting net-structure with sand or giihg
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The top of shell is coated with a layer of asphalExisting electro conducting concretes with
concrete. matrix reinforced with discrete chemical
The mentioned construction is pretty complicated ielectro conducting fibers [4; 5] exhibit low
technology of mounting and is of low upkeepmechanical strength and abrasion resistance.
properties. In order to increase mechanical strength special
The effective method of heating the airport runwagomposites with complex reinforcement of matrix
coating is presented by application of specialtetec were developed.

conducting composite material based on concreféith this aim the matrix was reinforced with
matrix reinforced with fibers, the so calleddiscrete chemical electro conducting fibers
“fiberbetel” (“fibrous electro conducting concreje” and fiberglass. The glass and chemical electro
The analysis of both domestic and foreign researcheonducting fibers are in no way inferior to
dealing with development of composite concretbest makes of steel and they are extremely
with concrete matrix reinforced with discrete metadffective in reinforcing of concrete.

fibers — steel fibrous (researches carried bilkali-resistant fiberglass added into
N.A. Lobanov, A.A. Staroselskyi, A.V. Sopylniak,resistance material chemically interacts with
P.O. Sunak, L.E. Nilsen, P.E. Chen etc) makes htardening concrete. As a result the surface
possible to draw the conclusion that concrete matibecomes covered with dense layer of new
of the mentioned material notwithstanding its higfiormations that merge with crystalline phase
compressive and flexural strength, crack growtbf concrete matrix and form a monolith.
resistance and electro conducting properties cdimus this process creates a stable reinforcing
hardly be accepted as a suitable coating feffect within the resistance material and
aerodromes and highways due to high cost of stéakreases its mechanical strength and abrasion
fibrous. It is a well-known fact that the world iro resistance.

ore reserves are decreasing annually and thus itGsie of the mentioned designed compositions
impossible to predict the further price of rolledri was used in engineering design of the heated
and steel fibers. coatings.

The importance of application of composites basethis composite contains chemical electro
on mineral fibers - binding and basaltic, glass aronducting fibers, cement, high-silica sand,
carbon fibers — exhibiting stable characteristiegsh fused alumina, alkali-resistant fiberglass and
as: high compressive and flexural strength, shoekater.

resistance, crack-resistance, weather resistande &ddition of fused alumina considerably
freeze resistance, fire resistance, waterproof aimcreases longitudinal modulus of elasticity.
nonmagnetic  properties, and electrochemic#élls coefficient of heat conduction is almost 20
corrosion resistance, becomes all the more acutanes as big as the coefficient of heat
Classification of the mentioned composite materiatsonduction of high-silica sand. Due to this
used in building the heated coating for aerodroméactor the additional technical effect leading
and highways is presented in the paper [3]. to reduction of destructive processes and
stresses within the composite is obtained. This
effect may be explained by the fact that
The modern road building industry requiresncrease of coefficient of heat conduction of
development of new competitive materials anehaterial favors quick export of heat from local
constructions. The aim of the given paper isource of heating to periphery and leads to
highlighting the designed airfield coating withaveraging of temperature within the bulk of
heated shell layers using the layer made of electneaterial.

conducting fibrous. It also deals with calculatiin The appropriateness of application of electro
strength of the mentioned construction. conducting fibrous inengineering design of
heated aerodrome and highway coating has been
proved by two patents on the designed resistive
The authors designed the heated airfield coatir@mposite material obtained by the authors
using the developed and experimentally researchgl 7]. Experimental results of technical tests of
composition of the electro conducting fibrousthe designed electro conducting fibrazsncrete
reinforced with chemical electro conducting fibersare presented in tab. 1.

Statement of problem

Design and calculation



48 ISSN 1813-1166. NAU Proceedings. 2009. Ned
Table 1
Physical-mechanical properties of the designed ekeo conducting fibrous (“fiberbetel”)
Sample Tensile Compression Wearing Density Modulus of Resistivity at
number strength in strength, MPa power, glent elasticity, t = (105+ 5)C
bending, glent MPa
MPa
1 9,8 32 0,14 3,2 2680 210
2 10,0 30 0,18 2,8 2100 130
3 8,5 24 0,22 2,52 1110 60
Control
sample 5,6 34,6 0,30 2,61 205 )

Electro conducting fibrousoncrete (“fiberbetel”)
was used in the four-layer cluster (sandwich) cwgti
of heated layers covering the hard cement-concr

load-bearing slab of the airfie{fig. 3).
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Fig. 3. Structure of the heated aerodrome coating:
1 - asphalt concrete, h =0,06 m, E =0PMPa;

2 — electro fibrous concrete, h = 0,05 0,2110'MPa;

3 — carbon fiber mesh, h = 0,005 = 0,210°MPa;

4 — thermal insulation, h = 0,03 i,= 12 MPa;

5, 6, 7 — three-layer cement-concrete sBh4,4, h = 0,54 m,

Es= E,=3,5310°MPa,E¢= 3,04 10° MPa;
8 — cushion coursé&; = 80 MPa

The layer made of electro conducting fibrous

Calculation of strength of the aerodrome coating
(considered as a multi-layer slab on cushion cQurse
{!gs been based on the model of semi-infinite elasti

omogeneous medium. Position of the neutral
surface relative to the upper plane is defined by
formulas evaluation [8]:

5 BKdK .
o=3 <
Hy,
k=1
B, = Ek'hkz ,
1-v
where

B, is tension stiffness of layefs{H/m;
d, isdistance from the upper plane to the median
plane of layek, m.

Bending stiffness of the coating cluster of layers
defined by formula evaluation:

D=D, +B.C?,
where
D is bending stiffness of layems{H-m:

ER .

concrete is located beneath the upper layer & =—"——-

cement-concrete coating that undergoes the heating

120-v?)’

process. Power is supplied to carbon electf@ is coordinate of the median plane of layer

conducting mesh underlying the “fiberbetddiyer.
The thermal insulation is located beneath the carbo
electro conducting mesh to insulate the main,

t=-20°C

load-bearing construction of coating from heating.
The designed system of heated coating has been
calculated by means of thermal design model fo

laminated system and deflected mode model f

NAN
AN

\=1,68

71,05

relative to neutral surface, m.

+2,22C

+30,6 T

multi-layer slabs on cushion course.
Thermal design of the upper heated layers of
aerodrome coating has established the possibility t

A=0,84
¢=0475%%

+78,2C

ensure the heating of its surface ug to+(2-3)°at
the ambient temperature —20 (fig. 4).

Fig. 4. Temperature regime of the upper heateddaye
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Neutral surface is located within layer 7 at distan Condensed elasticity characteristics of cluster of
8 =0,4102m from the surface of aerodrome coatingayers was defined by formula evaluation (1):

The following results were obtainetbncreteare

presented in tab. 2.

Table 2
Stiffness of coating
Bending Distance Bending Distance
stiffness of from stiffness of from
layers, upper layers, neutral
MH'm plane, m MH-m surface to
surface of
x -layer, m
B;=128,00| ¢=0,0300| 0Q=0,03840| z;=- 0,4102
B,=112,00| ¢=0,0850| DB=0,00233| z=-0,3502
B;= 10,66 | d=0,1125| DB=0,00002| 2=-0,3002
B,=0,3840 | @=0,1300| D=0,00003| z=-0,2952
Bs=4412,5 | @=0,2050| R=5,29500| 2=-0,2652
Bs=9500,0 | @=0,4150| R=71,2500| ¢=-0,1452
B,=4412,5 | ¢=0,6250| B=5,29500| # 0,1548
Stiffness of coating cluster
D =531,53MH m zg=0,2748

wh
Further on a modified method of O.Y. Schechter [9é
has been applied and stiffness of coating cluster w

presented by generalized formula evaluation

Eh®

D= 12-v?)

where

h is total thickness of coating, m.

E 12D
1-v? h3

Design moment at bending is defined by formula
evaluation:

_cP@+v)
2R

where
¢ anda are additional constants of the method;
P is design load on airplane whePBl= 0,344MH;
Ris radius of circle that equals the wheel trackaar
of the rated airpland®? = 0,27m.
Taking into consideration that total thickness of
cluster of layers h = 0,685 m, its condensed eifgti
characteristics equals 19844, 37 MPa. The moment
at bending equal to M = 19844, 37MPa was received
at loading of the airplane circle track, whereas th
allowable design moment equals M = 0, MH.
Tension along the thickness of cluster of layers wa
defined by formula evaluation:
ME .z,
D- |/,<2
ere
v\ are modulus of elasticity and Poisson's ratio

of layerx;
z, is distance from neutral surface to the upper and

(1) lowest surfaces of layer

Design strength of extension resistance of the lowe
layer of cement-concrete slaBy4,4 makes
R, = 3,73MPa. Therefore, strength of the bearing
slab is guaranteed (fig. 5).
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Fig. 5. Diagram of stresses within the aerodrorab sl



50

SSN 1813-1166. NAU Proceedings. 2009. N4

Conclusion

4. A.c. Ne913460 (CPCP) M.xn. ° H 01 3 7/00.
Pesecrusnbiii matepuan / A.K. Cesepun, JI.A. Cepiok,

It is recommended to widely apply the proposeg'ﬂ_ Drtenxo. 1980.
construction in design of the heated aerodromg , . n»1420826 (CPCP) Mxr H 01 3 7/00.

coating.
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