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The technique and its numerical realization of the hard airdrome coatings specified calculations with the consideration of
their interaction with heterogeneous multilayer weak soil half-space is proposed. Numerical simulation of the hard airdrome
coatings stress-strain state is carried out on the basis of the relations of the elasticity nonlinear theory with the help of the
finite element method momentary scheme. The task of calculating the actual concrete coating on a rigid artificial basis of the
International Airport "Odesa" runway is solved. A finite-element model for calculating hard surfaces with the use of a
momentary finite element scheme and a universal spatial shell finite element has been developed.
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3anponoHOBaHO METOAMKY 1 11 YHCIIOBY peai3amilo yTOYHEHUX PO3PaXyHKIB )KOPCTKUX aepOJPOMHHUX IOKPHUTTIB 3 ypaxy-
BaHHAM IX B3a€MOZIi 3 HEOJHOPITHUM OaraTomrapoBHM CJIAOKUM IPYHTOBHM MIBIIPOCTOPOM. UMcenbHe MOJIETIOBAHHS Ha-
TIpyXeHO-/1e()OpMOBAHOTO CTaHY >KOPCTKUX aepOAPOMHHUX ITOKPHUTTIB 3A1HCHEHO Ha OCHOBI CIIBBITHOIICHE HEMIHIHHOT Teopil
NPYXKHOCTI 33 JOIIOMOTOI0 MOMEHTHOI CXeMH METOy CKIHYCHHHX eleMeHTiB. Po3B's3aHa 3aaua po3paxyHKy peabHOro Oe-
TOHHOTO TOKPUTTS Ha >KOPCTKid WITy4Hiil OCHOBI 3IiTHO-MOCaaKoBOI cmyrd MixHaponHoro aepomopty «Opecay.
Po3po6ieHo CKiHYEHHO-EEMEHTHY MOJENb I PO3PaXyHKY KOPCTKUX MOKPUTTIB 3 BUKOPUCTAaHHSAM MOMEHTHOT CXEMH CKi-
HUYCHHHX CJICMEHTIB 1 yHIBepCaJbHOTO MPOCTOPOBOTO OOOJOHKOBOTO CKiHUEHHOTO efieMeHTa. YHCeNnbHHl po3paxyHOK Ha-
TIpy>XeHo-/1e()OpMOBAHOTO CTaHy KOPCTKHX aepOAPOMHUX IOKPHUTTIB IPH B3a€MOIT 31 c1a0KOI0 IPYHTOBOIO OCHOBOIO BHKO-
HaHUH Ha Jif0 HaBaHTaXXeHHs Bix mitaka B 767 -300. Po3paxyHkoBa cxema MOKPHUTTS NOOYyIOBaHA TaK, 00 OYII0 BKIIOYECHE
KOJIICHE HaBaHTA)XEHHS BiJ] BCHOTO IIAci MOBITPSIHOTO Cy/HA 3 ypaxyBaHHIM TOTO, IIJ0 OCHOBHA OIIOpa JIiTaka po3MillyBajacs
0 Ha cepelHil IUUTI PO3paxyHKOBOTO (hparMeHTa. AHaji3 OTPUMAHUX UHCEIBHUX PE3YNbTATIB MOKA3ye, M0 3HAYCHHS MO-
TOHHOTO 3THHAIBHOTO MOMEHTY IIifl JIIBUM HI)KHIM KOJIECOM OCHOBHOI omopu jitaka B767-300 nocsirae Bennuunu -99,724
kH-M/M, 10 BiAMOBIKa€e HATIPYKEHHIO B HIDKHBOMY BOJIOKHI yMOBHOI minTH 950,88 KH-M/M>. PO3IIISHYTa KOHCTPYKILis XKOp-
CTKOTO aepOAPOMHOI0 MOKPUTTS 33a70BOJIbHIE YMOBAM I'PAHMYHOIO CTaHy Ta 3a0e3Ie4eHa MILHICTh Ha MOXIIMBI JIOMyCTHMI
HanpyxeHHs. PO3paxyHOK MOKPHUTTIB IPH KOJIICHOMY BIUIMBI KPYNHO (DIO3EISHKHUX MOBITPSHUX CY/ICH IPU HAsIBHOCTI BKIIIO-
YeHb CIa0KMX LIapiB IPYHTY HEOOXiZHO BHKOHYBATH TUIBKM HAa OCHOBI YHMCENBHUX AOCHIUKEHb. MakCHMaibHE 3Ha4CHHS
TIPOTHHY TIpH MOCTiifHOMY KoedimienTi mocreni cranoButs 0,41 MM, a mpu 3minHOMY — 0,75 MM.

Koro4oBi c10Ba: MeTo CKIHUEHHUX €IEMEHTIB, ClIabKa IPYHTOBA OCHOBA, JKOPCTKI aepOJIPOMHI MOKPHUTTS, YHCETIBHE MOJIe-
JIFOBaHHS, HANIPY>KEHO-1e(pOPMOBaHUI CTaH
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Introduction

The calculation and design of rigid airfield coverings
have been carried out in accordance with the
normative document [1]. However, modern literary
sources [4, 9] suggest that the existing norms of
calculation are clearly obsolete, since they do not con-
sider the parameters of heavy-duty large body aircraft
of type B 767-300 and others and the presence of
weak layers of soil in the bases.

The basis of the existing regulations for calculating
the rigid airfield coverage is the analytical relationship
between the calculation of a continuous inseparable
plate on elastic basis with the use of the direct
proportionality ~ hypothesis, with  very close
consideration of the transition to finite-size plates in
the presence of cross-stitches and jump joint.

Review of research sources and publications

Since 2015, the volume of overhaul and new
building of aerodrome elements is rapidly increasing
in Ukraine (in the years 2015-2030, such airports in
Boryspil, Odesa, Vinnitsa, Chernivtsi, Kherson, and
Nikolaev are planned to be reconstructed).

These problems in airfield construction can be
solved only by applying modern numerical methods
for calculating the stress-strain state of hard airfield
coverings before the construction or reconstruction of
real aerodromes.

The forest soils, which occupy almost 75% of the
territory of Ukraine, are in stressed state under the
influence of wheel loading or their own weight of
coverings and soil, they can sink and can reduce their
structural strength when soaked [3, 9-11, 13-17].
In order to solve this problem and to improve the
calculation of rigid airfield coverings in the presence
of weak soil active layer of weak soil and soil
heterogeneity inclusions, [4-6] modeling of the soil
basis was proposed by a discrete non-homogeneous
half-space, considering the discrete-local zones of
state equations for anisotropic material , equivalent to
real weak soils.

In the framework of existing regulatory documents,
considering modern scientific researches, it is possible
to consider the interaction of aerodrome coatings with
inhomogeneous soil half-space using the functions of
the variable coefficient of subgrade resistance [3; 4].
Such approach is consistent with the problem solution
of research of rigid airfield coverings which mainly
work on the bend and distribute the load on
sufficiently large plane of soil half-space. These
coatings should be considered as thin plates using
discrete finite element models (FEM).

It is proposed to approximate the function of the
variable coefficient of subgrade resistance by a
trigonometric spline function in the local coordinate
system on the median surface of the plate.

Problem statement
The purpose of the study is to test the strength of the
actual airfield coverage using numerical methods.

Basic material and results

Numerical simulation of the stress-strain state of the
rigid aerodrome coating in interaction with weak
ground base is performed on the example of the
International Airport "Odessa". The engineering-
geological section with the largest thickness of weak
soils is used as the source data.

In this case, geological data are selected from the
most unfavorable conditions, which are shown in Fig-
ure 1.

The proposed coverage of the International Airport
"Odessa" runways consists of the following
constructive layers:

— top layer — high-strength concrete grade B40

cement concrete Btb 4,8/60,
Ry, =29 MPa,

Rbtn axial tension — 2a1 MHay
Rytb bending = 4,1 MPa,

E, = 3,53-10* MI1a,

p =2500 kg/m’,

v = 0,22,

— the bottom layer is a leached concrete grade B7,5
cement concrete Btb 4,8/60,
Ry, = 5,5 MPa,

Rbtn axial tension — 0a7 MPa’
Ry bending = 1,5 MPa,
E, = 1,6:10* MPa,

p = 2490 kg/m’,

vy =0,23.

The artificial foundation is represented by such
constructive layers:

— ground cement M75

Ryn = 3,5 MPa,

Rbtn axial tension — 0555 MPa,
Ry bending = 1,3 MPa,

E, = 3,53-10" MPa,

p = 2500 kg/m’,

vy =0,22;

— crushed stone from natural stone, enclosed by a
method of decomposition with limiting compressive
strength 100 MPa

E,=4,510" MPa,
K, =4,5-10° MH/\’,
E,=3,0-10° kgp/sm’;

— synthetic gauze
K=16 kgp/SMz,
hye =20,0 sm.

Soil foundation has the following characteristics:

— layer from the element EGE-1(E, = 672.2 kgp/sm?,
h; = 140 sm);

— layer EGE -2 (Ey, = 672,2 kgp/sm?, h, = 170 sm);

— layer EGE -3 (Ey, = 525,15 kgp/sm”, hy = 250 sm);

— layer EGE -4 (E,, = 266, 86 kgp/sm?, hy = 90 sm).

Equivalent coefficient of subgrade resistance [7]:

K. = 55,285 MH/™’

In accordance with [1], this ground base belongs to

the weak group.
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Figure 1 — Aerodrome coating construction consideing the active layer of soil foundation

Aerodrome plates, reducing the average pressure
under the cover at the expense of a large area, sharply
increase the depth of the compressed layer of the soil
half-space, that is, attracting to the work of deep, but
weak, strongly compressed layers of water saturated
dust-loamy soils.

For the implementation of a refined numerical
calculation of the coverage under the wheel load of the
aircraft chassis one of the most versatile schemes of
the FEM is used - the moment scheme of finite
elements (MSFE) [5].

In this technique, a simplified mathematical model
of elastic basis is used with the assumption of the
proportionality between the positive plate deflection
and the reaction of the base and depends on
the coordinate of the pplate (node) median surface
pointwhere the base deflection and reaction must be
calculated

(1

where ¢ (x*, x’) is the function of the proportionality
factor (subgrade resistance);

o — a positive deflection at this point along the normal
to the plate surface in deformed state [8].

The coefficient of subgrade resistance function can
be described by two-dimensional approximation [2]
using a certain number of the coefficient values of
subgrade resistance for the considered section of the
geological section, tconsidering the multilayer soils of
the underlying coating and its thickness, providing the

q (xz’ x3) =—C (xz’ x3) ,

value of the equivalent total deformation modulus in
this intersection.

Knowing a number of coefficient values of subgrade
resistance, depending on the average, the vertical of
the base thickness, the general module of soil
deformation and using one or another analytical
function: spline, trigonometric, index, power, or other,
a specific function in this area of the calculation model
is obtained.

For example, in the presence of a lens-like soil layer
with known the limit values of the subgrade resistance
coefficient and, also using an analytic spline according
to the law of the sinus, it is got

2 3
ey (32,3 = Co = (Cpas —Co)sin%in%, @)

where x%, xy — are current local coordinates of

nodes in the calculated fragment in the global
coordinate system;
I, P — are the sizes of the calculated fragment in the

global axis coordinate system Z2and 2° .

In the considered scheme of MSFE, the discrete
model has two limiting surfaces - the lower and upper,
that is, the plate is considered as single layer -
conditional (equivalent to bending and longitudinal
stiffness). An equivalent analogue of the conditional
plate is constructed from the equivalence condition for
the specified stiffnesses for the uniform size of the
plate:
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E, --<-100 = EI,
(e) 12 (0x) , (3)

0
Ee) 1001y = EF gy

where E](OOX),EF(?)XF are the actual rigidities of the

construction of a multilayer plate, with the bending
(with respect to the coordinate system in the center of
the weight of the plate, considering the rigid basis)
considers only the upper and lower layers, and the

longitudinal rigidity EF((())X) considers two layers and a
rigid foundation. The model of the equivalent

analogue of the aerodrome plate construction is shown
in Fig. 2

Ly
-
o= ——
gravity =
g center ) i .
4. =
2 — o
f = e
"'\ S, i | g _'_.T
A 100 l
A r

In order to ensure the adequacy of the plates
interaction in the calculated fragment and in the real
construction, it is introduced at the slab arris joints -
the tie-ins (Fig. 3).

The equivalent thickness of the aerodrome coating
plate is 81 sm (¢, = 81 sm).

An equivalent modulus of elasticity for the section
of the aerodrome coverage is 2,57-10° kgp/sm” , and
an equivalent Poisson ratio — 0,2324.

s

%1 sm

Figure 2 — The model is equivalent to the design of an airfield cover plate
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Figure 3 — Model of joints of acrodrome plates

Models parameters of butt inserts have the following

meanings:
— the ratio of the rib thickness to the shell thickness:
h
£ ﬁ =047,
h 81

0

— the eccentricity ratio to the shell thickness (in
relation to the local coordinate system)

e _ 213 56s;

h, 81

— elasticity module of the insert material:

Epe = 2,6:10° kg/sm’ ;

— poisson coefficient of insertion material v, = 0.3;

— the ratio of the specific gravity of the insert
material to the equivalent specific gravity of the
airfield cover:

Vo) 00016
yS,  0.002527

=0.633;

— insertion width: ¥ =8 cm.

As a rated aircraft, Boeing 767-300 has been
adopted.

The parameters of the round wheel print are
calculated by the formula:

Fo=trg, s (4)
ny
where F; — is estimated load on the wheel,
n; — number of wheels of the main support;
F, —load on the main support (¥, =724.9 kH);
k4 — dynamic factor (k; =1.25);
77— unloading factor (= 1.0).
Then F,;=226.53 kN.
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The square footprint for the Aircraft B767-300 is
43 cm.

The calculation scheme of the coating is constructed
so that the wheel load from the entire chassis of the
aircraft was included, considering that the main
bearing of the plane is placed on the middle plate of
the calculated fragment.

Considering the symmetry of the Aircraft B767-300,
a discrete model containing six plates of a runway
covering 10x7.5 m has been constructed.
The calculation scheme and the finite-element
model of the calculated coating fragments for
the Aircraft B767-300 are shown in Fig. 4

Equivalent discrete prints of wheel pneumatics with
a pressure p, = 1,21 MPa according to the finite
element model presented, are located on one medium
plate, that is, on four discrete areas of uniform surface
loading, brought to the nodal.

The discrete model is constructed so that the main
four-wheel support is located in the middle of the
calculated fragment middle slab, with the aircfaft
chassis parameters. Fragments of the topological
model of wheel prints in the coating calculation
scheme are described by the grid coordinates S,, S; —
the beginning and the end of the wheel load.

The dimensions of the grid area are: M1xM2xM3,
that is 2x30x46, and the size of the calculated fragment —
1500030000 mm. Total nodes in the FE-model,
presented at fig. 4 - N, = 2x30x46 which corresponds
to the equilibrium equations system
k, =N, -3=2760-3 =8280, (without consideration the
imposed connections) and the number of finite
elements —

MP=(M2-1)-(M3-1)=(30—-1)(46-1) =1305.

According to the butt joint adopted model of the
coated plates in the structure of the presented discrete
model (see Figure 3), the plates borders introduced
inserts (edges) which fragments are also described by
network coordinates - only five fragments.

In accordance with the calculated scheme of plates
discrete models, boundary kinematic communication

conditions in the global coordinate system
07" 7* 7 are:
— on the coordinate line OZ° — the plane of

symmetry is imposed by the joints on the movement
uf\} and angles of rotation V% ;

— on the coordinate line OZ* — The model of hinge
tangential fastenings - is imposed on a link to move

3 2.
uN’ uN b

— on the edges of the estimated fragments - if
va' =1500 sm and Z]f/' =3000 sm the model of hinged
tangential fixings is implemented — the connections
are on ”13\;’ u}zv .

The numerical calculation results of the wheel load
from an aircraft in B767-300 are shown on the

isopoles and diagrams, which are presented in
Fig. 5-13.
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WI= 46 _‘J :.15__
hinged
. proint
i
.
W TEE
1
!.! 1
i a = BE 1
NN S :
- tHEE
]
=
21
gl =
g =\
= p
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Figure 4 — Coverage scheme of the SZPS
with the wheelbase chassis of
the Aircraft B 767-300 chassis

Based on the results of calculations, data have been
obtained to determine the maximum values of the
main stresses in the conventional plate and stresses in
the upper and lower layers of the real coating design.

_ (e) . — (e)
O-l,sup - kl,supo-max > O-Z,inf - k2,info-max .

The analysis of the obtained numerical results shows
that the value of the lateral bending moment under the
left lower wheel of the main support of the Aircraft
B767-300 reaches the value M33, =-99.724 kHm/m,
which corresponds to the stress in the lower fiber of
the conditional plate f2* =950.884 kHm/m’.

To switch to a real 2-layer coating it should be used
the formulas [4]:

O qup =1.43895%¢), ;

max ?

Oy ing = 0.45280%)

max °*
Considering the design resistance of the concrete
strength for the upper and lower layers, respectively

R and R} , it can be written:

O sup = 1.4389%950.88 < RyP -y -k,

btn
Oy ine = 0.4528%950.88 < R} -, -k, ,
where y. — is coefficient of work conditions, with [1]
7% =0.75;
k,=2-0.167-1,-Uy,
U, — average annual application of wheel loads
Aircrafts.

Opsup = 1.395 MPa <2.131 MPa;
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Figure 5 — Circle of bending moments M **, kH*m/m from the action
of the towers Aircraft B 767-300 in the section 1-1
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Figure 6 — Circle of bending moments M **, kH*m/m from the action
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Aircraft B 767-300 in the section 2-2
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Figure 7 — Circuit running torque M », kH*m/m from the action
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Figure 8 — Circuit running torque M 2, KH*m/m from the action

of the towers

Aircraft B 767-300 in the section 2-2

306ipHuK HayKoBHX Tpatb. Cepist: [anmy3eBe MammHoOy 1yBaHHs, OyaiBHunTBo. — 1 (52)' 2019.

129




) L]

0,1 : |l

0,21
03

-4
«0.5

0%
0,4

124

Z:

ool 0005

[iF] b, 043
00 i3
T 0,18

Figure 9 — The course of nodal displacements is a constant coefficient of subgrade resistance
from the wheel loading of the bearings Aircraft B767-300 in the section 1-1

Figure 10 — Episode nodal displacement with variable coefficient of subgrade resistance
from the wheel loading of the bearings Aircraft B767-300 in the section 1-1
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Thus, the strength of the possible permissible
stresses is ensured. The considered construction of the
coating satisfies the conditions of the boundary state.

Calculation of coatings under the wheel influence of
large-scale aircraft in the presence of weak soil lay-
ersinclusions should be performed only on the basis of
numerical studies [4].

The results of numerical calculations of hard
airdrome coverage are obtained in two variants:

1) with constant coefficient of subgrade resistance
C=k,=558 MH/m’ ;

2) with variable coefficient of subgrade resistance
within the calculated fragment by the formula (2) (in
the presence of soil weak layer) with C = k,, = 55.8
MH/m’ and C,;, = 33 MH/m’.

Grades of the deflections have a smooth character,
the maximum value of the deflection at constant coef-
ficient of subgrade resistance is -0,41 mm fig. 9, and
with a variable coefficient of subgrade resistance (co =
33 MH/m’, ¢nax = 56 MH/m?) is -0,75 mm in the knot
201 FE-model fig. 10.

ugm =-0.75 mm.

Conclusions

A numerical calculation of rigid two-layer coating
on rigid artificial basis, in interaction with
inhomogeneous multilayer weak ground sub-space on
the wheel influence of the chassis of the V767-300
subsystem, has been performed. According to the
calculations of the real construction of the runway
cover SIA "Odessa" the presence of soil weak layers
on the basis of the coating, it can be concluded that the
proposed methodology for numerical studies of hard
coatings from the the wheel load action of super-
heavy aircraft is sufficiently effective and reliable,
meets the requirements for ensuring the reliable
operation of modern airports airfields.
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