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Abstract. The article is devoted to the analysis of existing methods of calculation
of rigid heliport coverings, both domestic and foreign. Considerable attention is
paid to the geometric dimensions in the plan and layout; location and orientation
of heliports. Types of helipads are considered; materials used in the construction
of heliports; type of structures (panels), designed for the construction of helicopter
pads at the surface level (on any dense surface or ordinary soil), that successfully
replace concrete, as well as for the reconstruction of worn and damaged concrete
helicopter pads on rooftops and other heliport modifications; possible locations of
helicopter pads, which may be different in size and configuration: mobile, off-road,
ground, on the roofs of buildings and structures, on pontoons, on sea or river vessels
and yachts, on offshore drilling platforms, by individual projects. Approaches to the
improvement of the existing method of calculation and design of rigid helipads are
analyzed.

A comparative analysis of ICAO, FAA, SNiP 2.05.08-85 regulatory documentation
and recommendations, which do not provide a clear idea of the method of calculating
the thickness of rigid heliports, do not separate the calculation of heliports from the
calculation of aerodrome pavements, do not consider any critical cross sections in
calculating the load from helicopters and the main differences in designing coverings
for helicopters from those for aircraft maintenance, connected with the dynamics of
the takeoff and landing operations.

As the weight of modern helicopters varies widely, it has been established
that different types of coverings must be used for different weight categories (from
structures raised above the ground level for light and medium-weight helicopters to
cement concrete coverings for heavy helicopters).

Keywords: airfields and heliports, rigid and non-rigid coverings, helipad design,
calculation and designing of coverings.
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INTRODUCTION

The development of the modern state is
impossible without the development and continuous
improvement of the transport system. Priority in
this matter is given to air transport. Helicopters are
now an integral part of business aviation around
the world (especially in metropolitan areas).
Unfortunately, in Ukraine this line of transportation
is still underdeveloped, the main reason for this
being the ban on flights over megacities, lack of
sufficient number of heliports, lack of modern
regulations that would take into account design
features of modern helicopter types, insufficient
number of aircraft of the required type.

MAIN PART

Analysis of existing methods for calculating
rigid helipad coverings. Artificial coverings became
widely used in the world in the mid-30s of the
last century. At the initial stage of development,
the construction of cement-concrete pavements
completely copied the road construction, and the
determination of pavements bearing capacity and
assessment of the aircraft impact on the pavement

was not performed as the takeoff weight was
insignificant and tire pressure was 0.3 - 0.4 MPa.

However, in the post-war period, multi-
wheel landing gear appeared, and since that
time onwards, helicopter construction has
begun to develop actively, which necessitated
the development of methods for assessing the
coverings strength under the action of certain
aircraft types. The impact of helicopters on the
surface was considered and evaluated by the same
method as the aircraft impact.

Today, the issue of calculating airfields and
heliports covering is given considerable attention.
Calculation of single- and multilayer coverings (with
or without a separating interlayer) is considered
in[1, 2].

The first and simplest method of classifying
the aircraft impact on covering was to estimate it
based on the aircraft weight. Thus, in the postwar
years, two ICAO sessions adopted a condition under
which the load category is determined only by the
value of the allowable total weight of the helicopter.
At the third ICAO session, it was decided to classify
all loads using 7 code numbers (Table 1), each of
which being a combination of equivalent single-
wheel load and tire pressure.

Table 1
ICAO load indication code numbers
Code numbers of loads I I I11 v \Y VI VII
Equivalent load, thousand pounds 100 77 60 45 30 15 4,5
/ ton 45,6 35,0 27,2 20,5 13,6 6,8 2,0
Tire pressure, kg / cm? 8,5 7,0 7,0 7,0 6,0 5,0 2,5

At the fifth ICAO session, the improvement
of the classification system for covering loads was
considered and published. This advanced system
is called LCN (Load Classification Number). The
basis of the LCN is the load classification curve,
the numerical characteristics of which are given in
table 2.

The classification numbers were a function
of the equivalent unicycle load and tire pressure.
The relationship between tire pressure and wheel
load was adopted on the basis of «conditional» or
«average covering». It, in turn, was adopted based
on the results of destructive studies of coverings of
different thickness and on different soil bases by
static loads.

Table 2
Numerical characteristics of the load classification curve

Wheel load Pneumatic pressure .
Ton Pound (Ib) kg/cm? Ib/in.2 LCN ordinates
45,4 100000 8,44 120 100
40,8 90000 8,09 115 90
36,3 80000 7,74 110 80
31,8 70000 7,38 105 70
27,2 60000 7,03 100 60
22,7 50000 6,68 95 50
18,1 40000 6,33 90 40
13,6 30000 5,98 85 30
9,1 20000 5,62 80 20
4,5 10000 5,27 75 10
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In the case when the configuration of the real
support did not correspond to the tabular values
(supports of helicopters, new aircraft), to bring the
equivalent load from such support to the standard
classification curve, a correction was introduced,
calculated by the formula [3]

0,785
Fe _|Pe
FS Py ’ (1)

where F, and F_ are the load on the wheel of
the real support and the support according to the
classification curve, respectively;

P, and P, - tire pressure according to the
real support and the support by the standard
classification curve.

As a result of further studies of the aircraft
supports interaction with the covering, the ICAO
standard, issued in 1977, was amended regarding
the classification of loads. Thus, the figure in
formula (4) was changed from 0.785 to 0.37.
This degree indicator characterizes the supports
interaction with thicker coverings more accurately.
Also at the sixth ICAO Air Navigation Conference in
1974, the classification of aircraft by groups (LCG)
was adopted. Each group covers a range of load
classification numbers as shown in table. 3.

Table 3
Aircraft distribution by load classes
Load classification group Load classification number
(LCG) (LCN)
I (highest) 101 - 120
11 76 - 100
111 51 -75
v 31 -50
V 16 - 30
VI 11 - 15
VII (lowest) 10 and less

Equivalent unicycle load in LCN and LCG
methods was determined depending on the type of
covering (rigid or non-rigid) as follows:

- in the case of rigid covering, the bending
stress from the action of all support wheels is
calculated and by means of the reverse calculation
of this stress the equivalent single-wheel load
(ESWL) is calculated;

- in the case of a non-rigid covering the load
creating the same vertical stress as the multi-
wheel support is taken as the ESWL.

The method of estimating the covering
bearing capacity using the reduced load has
become widely used. By the action of this load in
the in the endless plate of the reference covering,
there appears a bending moment equal to the
maximum bending moment from the impact of
the real support in the same conditions, but taking
into account the support wheels, passing the same
track. The disadvantage of the reduced load method
is that it cannot be used for those rigid coverings,

the design of which differs from the classic single-
layer ones.

Since 1983, ICAO has introduced into
the airfield operation practice the method of
presenting data on the impact of aircraft and the
pavement strength, called «ACN - PCN» (Aircraft
Classification Number - Pavement Classification
Number). Actually, ACN and PCN are sets of
codes [5] characterizing the influence of aircraft
(helicopter) support on the covering and its
bearing capacity, respectively. If the ACN < PCN
condition is met, then the covering operation for
this aircraft is permissible. In this method, special
importance is given not to the covering assessment
as an operating structure, but to the assessment of
the nominal load caused by aircraft (ACN number).
Also by this method, the covering strength data
are presented in the form of the nominal aircraft
load, that covering can withstand without any
restrictions (PCN number). The soil base strength
is set by the standard [7] and is given in table 4.

Table 4
Soil base strength codes
Strength Hard covering bed ratio, MN / m3
Base code categgry Standard Range
A High 150 More than 120
B Average 80 60 - 120
C Low 40 25 - 60
D Very low 20 Less than 25
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For hard coverings, the PCN value is defined
as twice the equivalent unicycle load in tonnes at a
tire pressure of 1.25 MPa. The PCN value is defined

as twice the equivalent single-wheel load with
tire pressure according to the pressure category
(Table 5).

Table 5

Tire pressure codes (ICAO)

Pressure code Pressure category Tire pressure change limits,
MPa
W High No limitation
X Average 1,01 -1,5
Y Low 0,51-1,0
Z Very low Less than 0,5

The procedure for calculating the ACN
classification number is the following [4]:

- initial data are formed for calculation (load
on the main support, pressure in the wheel tires,
the number and coordinates of the main landing
gear wheels, the area and size of large and small
semi-axes of the tire elliptical imprint;

- the design thicknesses of the rigid covering
are determined on the basis of standard strength;
the effect of the calculated support should cause in
the covering a bending stress of maximum value
equal to the standard (2.75 MPa);

- for the design covering thicknesses on the
base of different strength codes the aircraft ACN
numbers are determined.

When calculating the an aircraft ACN number
on a rigid covering, it is assumed that the trace
of the contact with the plate surface has the
shape of an ellipse or oval. According to ICAO
recommendations, the central area of the helicopter
parking lot, which is to withstand the static load
from the helicopter, as well as the load due to the
movement of taxiing helicopters is equal to:

- a diameter of at least 0.83D of the largest
helicopter, the pad is designed for;

- the taxiway width, in case a helicopter
parking lot is intended for through taxiing on the
ground.

However, the existing ICAO recommendations
[6] do not give a clear idea of the method for
calculating the rigid helipad coverings thickness.
Much attention is paid to the geometric plan
dimensions, layout, location and orientation of
the heliport. At the same time, the calculation of
covering for strength is not separated from the
calculation of aerodrome pavements.

When calculating hard coverings by the
traditional method, it is necessary to provide
compliance with the main condition:

mg = My, (2),

where M4 — the calculated bending moment at
the plate cross section;

My — the maximum bending moment at the plate
Cross section.

Moreover, when calculating strength, the transition
from the stress-strain state under load at the
edge to the central loading state is carried out by
means of a transition factor [3] depending on the
covering type. Thus, for concrete and reinforced
concrete coverings without docking and plate edge
reinforcement it is equal to 1.5; for concrete and
reinforced concrete coverings with edge docking
and edge reinforcement - 1.2; for prefabricated
coverings of prestressed reinforced concrete
plates - 1.0; for reinforced concrete coverings
with unstressed reinforcement it is determined
according to [3].

In calculating the maximum possible stress
in the covering design, given the dynamics and
overload, should not exceed its minimum load-
bearing capacity (taking into account possible
change in the material strength). The difference
between the values of the two points should
not be more than 5%. The FAA (Federal Aviation
Administration) [7] either does not separate the
calculation of helipad covering from the aerodrome
pavement calculation. According to item 509 of this
document, calculation of heliport coverings should
be carried out in the same order as aerodrome
coverings (designed for airplanes with take-off
weight up to 13,8 t). When calculating coverings for
such load in a critical sections are not allocated in
the covering. As for the calculation and construction
of the helipad rigid covering technique itself,
according to § 505 [7] the covering should consist
of a cement-concrete layer and underlying layer and
the subgrade. To select the required thickness of the
covering structural layers the FAARFIELD program
(abbreviated from FAA Rigid and Flexible Iterative
Layer Design) should be used. However, when
calculating the covering to maintain light aircraft
(and [7] refers helicopters to this class) the use of
above program is not required. When designing a
covering for aircraft with a take-off weight of up to
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5.67 tons, it is allowed to take the cement-concrete
covering thickness of 4 inches (101.6 mm) without
calculation. If the take-off weight ranges from 5.67
to 13.6 kg, the covering thickness increases to 6
inches (152.4 mm). When designing a covering
for heavy aircraft (takeoff weight higher than
13,607 tons) one should use paragraph 3 of these
recommendations. In this case, the calculation and
selection of thickness should be performed using
the FAARFIELD program. This program can be used

to calculate rigid and non-rigid coverings, to assess
the strength of existing coverings, to calculate their
reinforcement. When calculating hard coverings,
FAARFIELD uses the maximum horizontal stresses
at the bottom of the slab as the main indicator of the
coverong service life.

According to [7], when designing helipad
coverings, it is necessary to take into account the
short-term (0.2 sec) overload using factor 1.5 for
the case of «hard» landing (Fig. 1).

Dynamic load 1.5 x takeoff weight (TOW- 3B)

0.75x3B 0.75x3B

o
2= B
. .
g9
1 1] i
L 4

0,75x3B 0.75x3B

-

Fig. 1. Load distribution on the helicopter main landing gear
at «hard landing»: a) - typical single-wheel configuration;
b) - typical two-wheel configuration

One of the main differences in designing
coverings for helicopters from thouse for aircraft
maintenance is the dynamics of takeoff and landing
operations (Fig. 2).

While an airplane has to develop a certain
speed to take off from the ground, the helicopter
takes off from the spot, in certain conditions using
an «air cushion». During both helicopters and air-
planes landing the phenomenon of dynamic blow
is observed.

If the exact weight of the helicopter is
unknown, the conditional helicopter concept is
used depending on the heliport class, i.e., it is
assumed that the main landing gear of a conditional
helicopter will account for 75% of the maximum
takeoff weight (in «hard» landing conditions).

The FAARFIELD program selects the thickness
of the cement-concrete paving plate based on
the assumption of edge loading, the aircraft
main support is located either in the longitudinal
or transversal direction relative to the covering
plate edge. As a design stress a higher stress in
the lower part of the plate is taken obtained from

two load sets. The stress value is reduced by 25%
to take into account its transfer through the pin
connections.

When working with the FAARFIELD program,
the input data are: tensile strength of concrete
in bending, design service life (in years), cover-
ing structural layers data (elasticity modulus,
thickness, Poisson’s ratio), the composition of
aircraft movement and the subgrade elasticity
modulus (the elasticity modulus E is used, instead
of the bed coefficient, since the elastic half-space
model is used in calculation). There is a depen-
dence between the value of the bed coefficient k
and the subgrade elasticity modulus:

E.. = 1,26 kW%  (3)

where E. —elasticity modulus of the soil base,
psi (pounds per square inch);

k - bed ratio, psi.

Converting the units of measurement into
the SI system (kgf / cm?) we obtain

E,. = 0,9546 - k2% . (4)
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Fig. 2. The scheme of helicopter takeoff and landing operation:
a - take-off; b - landing; I - by airplane, II - by helicopter using the “air coushion” effect; III - the
same, but without the “air coushion” effect; 1 - vertical takeoff; 2 - control hovering; 3 - vertical
landing or descent; 4 — take-off run; 5 - acceleration with a climb along an inclined trajectory: 6 -
almost horizontal acceleration to a speed of 20-30 km / h; 7 - slow descent with a constant trajectory
slope; 8 - alignment with intense speed reduction; 9 - landing at a speed of 30-40 km / h; 10 -
landing run with wheel braking; 11 - surrounding obstacles

When converting the units of measurement,
it was taken into account that: for the elasticity
modulus 1 psi is equal to 0.0069 MN / m?, and for
the bed coefficient 1 psi is equal to 0.272 MN / m3.

The program calculates only the concrete
covering thickness, the thicknesses of the
remaining layers are set manually by the user. It
should be noted that under the FAARFIELD program
covering is modeled by plates of 9x9 m size [8].
To determine the stress-strain state of the cover-
ing plates, it is desirable to use the FEAFAA (Finite
Element Analysis Federal Aviation Administration)
software package.

The disadvantages of the above mentioned
method include the fact that the recommendations

are given for designing coverings only for helicopters
with a takeoff weight of higher than 13.6 tons. That
is, the calculation of coverings for light and medium
weight helicopters is not considered at all, and for
heavy helicopters it is recommended to use the
same methodology as for aerodrome pavements.

In general, there are many methods for
calculating different designs of hard coverings,
both domestic [1] and foreign [8]. However, none
of the proposed approaches fully takes into account
the specifics of helipad coverings.

Types of helipad coverings. Nowadays, in
heliport construction, in addition to traditional
materials, you can use aluminum and composite
panels, apply a special anti-slip coating, make
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helipads of any shape from prefabricated blocks,
etc. As for the possible location of the sites, there
are almost no restrictions. They can be: mobile;
on rough terrain; terrestrial; on the roofs of
buildings and structures; on pontoons; on sea or
river vessels and yachts; on offshore drilling rigs;
by individual projects. The construction of helipads
in cities should be singled out. As a rule, helicopter
transport is widely used in large cities. Because of
the lack of free space, take-off and landing pads
are often arranged on the roofs of buildings. In this
case, the use of traditional materials for coverings
is undesirable because it will result in a significant
additional load on the load-bearing elements of

the structure. In recent years, to construct such
structure solutions from prefabricated blocks have
become widely used (Table 6).

PORTAPAD - aluminum pads, assembled
from a standard set of prefabricated modules
(assembly is performed by two people for two
hours). Installation of the PORTAPAD helipad
does not require either special soil preparation
foundation or concrete cushions. It can also be
installed on an inclined surface. The PORTAPAD
helipads can accept helicopters weighing up to 7
tons. They are available in a square configuration
of 6x6 and 9x9 m and may be equipped with an
additional attached stairs.

Table 6

Panels used for prefabricated helipad coverings

Description of the design

Type of pad

Panel type

PORTARAD aluminum pads.
Set of modules for quick assembly and
disassembly of mobile platforms (within two
hours)

SOLQOY aluminum pads.
Mobile pads, ready for installation on rough
terrain.

HELOMAT aluminum designs.
Panels intended for installation of pads on level
surfaces (ground pads).

HELISLAT aluminum designs.

Panels designed for installation of pads lifted
above the surface (on the roofs of buildings, sea
vessels, drilling rigs, etc.).

HELISTOP composite designs.
Universal purpose panels to install pads lifted
above the surface.

SOLOY are mobile platforms ready for
installation on rough terrain. They are indispensable
for receiving helicopters in hard-to-reach areas.
There are three size types to take helicopters of
2.7 - 5.7 tons.

HELOMAT (aluminum structures) - this type
of structures (panels) is designed to construct
helicopter pads at surface level (on any dense
surface or ordinary soil) and successfully replaces
concrete ones. They are also used for the

© Bieliatynskyi A., Pershakov V, Akmaldinova O., Akmaldinova V. (2021). Vertodrom covering calculation and
designing technology. Theory and practice of design. Architecture and construction. 2(23). C.21-30,
doi: 10.18372/2415-8151.23.16261



[28]

Theory and practice of design. Issue 23.2021 Architecture and consiruction

reconstruction of worn and damaged concrete
helipads on the roofs of buildings and in other
heliport modifications. These aluminum structures
can be installed directly on the concrete covering.

HELISLAT (aluminum structures) - this
type of structures (panels) is an ideal solution for
equipping helipads on the roofs of buildings and by
special and individual projects (on sea and river
vessels, on offshore drilling rigs, etc.).

The advantages of block structures include
high manufacturability, speed of performing work,
the possibility of relocation, resistance to chemicals,
high maintainability. But such designs are used
mostly for helicopters of class 3-4 (according to
the ICAO classification), i.e., their behavior is
unknown when using such helicopters as the Mi-
8. A serious obstacle to their mass use is also the
lack of regulatory documentation. At the moment

SNiP 2.05.08-85 has expired validity and until
the approval of a new regulatory document the
ICAO regulatory documentation should be used.
However, there are no recommendations for lifted
helipads designing and calculation there either.

Approaches to improving the existing
calculation methodology. Analysis of the above data
shows that at the moment neither domestic nor
foreign regulations [3, 6, 7, 9] can provide a holistic
method of calculating helipads (Table 7). In Ukraine,
the situation is complicated by the fact that a new
regulatory document is still under development. It
is proposed to use ICAO recommendations when
designing helipad coverings.

To compare the existing methods of designing
and calculating heliport coverings, the ICAO and
FAA recommendations have been analyzed. The
results of the analysis are given in table. 7.

Table 7

Comparison of existing methods of calculating coverings, their shortcomings

Ne According to FAA recommendations

(USA)

According to ICAO recommendations
(European Union)

For light and medium helicopters, it is
1 proposed to arrange the coverings without

calculation, which leads to uneconomical
use of the material.

ICAO recommendations pay considerable attention
to determining the heliport plan parameters, its
location, marking the main areas, but the strength
of the coating and its calculation is not considered
separately from the aerodrome pavements.

2 Designing and calculating helipads lifted
above the ground level are not considered.

Heliport coverings are not separated from airfield
ones, i.e., only cement-concrete coverings are
considered.

3 The use of block helipads for light and
medium helicopters is not considered.

There are no recommendations for designing
and calculating coverings for light and medium
helicopters.

Analyzing table 7, the following should be
noted:

1. None of the presented methods separates
the calculation of heliport coverings from aerodrome
pavements;

2. The presented techniques do not consider
the use of the latest materials (composite covering
structures) to create helipads for light and medium
helicopters (at the ground level or lifted above the
ground);

3. These methods refer only to the wheel
support of the helicopter, the sliding landing gear
effect is not considered at all;

4. The FAA recommends to take the covering
thickness without calculation in the case of a

helicopter take-off weight of up to 13.6 tons. Such
approach os not grounded with calculation and
determination of helicopter forceful impact on the
covering, it doesn’t allow to determine the efficien-
cy of covering operation in each particular case.

To eliminate these shortcomings, it is neces-
sary to solve the following problems:

-to investigate the consistent patterns of
the loading process effect onto heliport coverings
from the main landing gear of new and perspective
helicopters, to carry out numerical modeling of the
heliport coverings stress-strain state depending on
the of the main landing gear location in helicopters
of different types.

-to workout recommendations for calculating
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and designing helipads located at the ground level,
lifted above the ground level and thouse located on
building roofs

CONCLUSION

1. Due to the analysis of existing methods of
heliport designing and calculation (ICAO, FAA) it is
found out that since the beginning of mass use of
helicopter transport, the issue of selecting coverings
for the landing pads has not been separated from
the aerodrome coverings. The regulations do not
tuch the problems of designing, selection of struc-
ture and calculation of coverings on building roofs,
as well as helipads lifted above the ground level.

2. It is determined that the weight of
modern helicopters varies over a very wide range
(from a few quintals to 50 - 60 tons in the case of
Mi-26). There are also some differences in aircraft
classification. The ICAO offers a classification,
dividing helicopters into 4 weight categories by the
takeoff weight (1 - up to 2 tons, 2 - from 2 to 5
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AHOTALIA

BenarnHcbkni A., lNMepwiakoB B., Akmasi-
AiHoBa 0., AkmanpgiHosa B. Po3paxyHOK Ta
TEeXHOJI0rii NpoeKTyBaHHs1 BEPTOAPOMHUX 10~
KPUTTIB.

Cratrsa rnpucBsiyeHa adasizy ICHyruYnx Mme-
TO4IB PO3pPaxyHKy XOPCTKUX BEPTOAPOMHUX [10-
KPAUTTIB, SIK BITYU3HAHUX TaK | 3aKOPLAOHHUX. 3Ha-
YHa yBara npuaiNaeTbCa reoMeTpuyHuM po3Mipam
B rJ1aHi 1@ po3MiTyi; po3TallyBaHHIO Ta OpieHTaUil
BEepTOAPOMIB. PO3I/ISHYTO TUMKU BEPTOAPOMHUX 10~
KpUTTIB, Mmartepiaiu, L0 BUKOPUCTOBYHOTLCS [1pU
6yAaiBHUUTBI BEPTOAPOMIB; BuA KOHCTPYyKUiv (na-
Henelt), npusHadyeHni 4715 6yAiBHULTBa BEPTOIT-
HUX MangaH4uKiB Ha piBHIi NoBepxHi (Ha 6yAb-sKii

tons, 3 - from 5 to 10 tons, 4 - more than 10 tons).
The American Aeronautics Association generally
allocates 8 helicopter weight categories (up to 0.5
tons; 0.5-1.0¢t; 1.0-1.75¢;, 1.75-3.0t; 3.0 -
45t 45-6.0t;6.0-10.0¢t, 10.0 - 20.0¢, 30.0
-40.0 t).

3. As a result of the analysis of the regula-
tory documents (ICAO, FAA) - it is found out that
it is recommended to use cement-concrete as a
helipad covering material, explained by to the fact
that the regulatory documentation does not pay
attention to light aviation aircraft. The only option
of joint basement of airplanes and helicopters at
the aerodrome is considered, in which case the use
of a cement-concrete covering is justified.

4. Given that the helicopter weight varies
over a wide range, it was found that different types
of coverings should be used for different weight
categories (beginning from designs lifted above the
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ending with cement-concrete coverings for heavy
helicopters).
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AumHoBa A., AkmasigmHoBa B. Pacyer n TexHo-
JIOrMM MpPOeKTUPOBaHNSI BepPTOAPOMHbIX M0-
KPbITHHA.

Cratbs nocBsilyeHa aHaau3y CyLeCTBYIO-
LMX METOAOB pacyeTa XeCTKUX BEPTOAPOMHBIX I10-
KPpbITUI, KaK OTEYECTBEHHbIX TakK n 3apybexHbiX.
3HaunTenbHoe BHUMaHWE yAesseTcsd reoMmeTpuye-
CKUM pa3mepam B r/1aHe n pa3MeTKe; pacrosioxe-
HUIO M OpueHTaumu BepPTOAPOMOB. PaccMOTpeHbI
TUMNbl  BEPTOAPOMHbLIX  [OKPbITUM,  Martepuasbi,
UCoIb3yeMble rpy CTPOUTE/ILCTBE BEPTOAPOMOB,
BUA KOHCTPYKUui (raHesei), rnpegHa3Ha4dyeHHbIX
A/11 CTpOUTE/IbCTBA BEPTOAETHLIX M10LaA0K Ha
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WiNbHIVI rnoBepxHi abo 3BUYaMHOMY TrpPYHTI), WO
YCriLWHO 3aMiHIOKTb GETOHHI, @ TaKoX A4J151 PEKOH-
CTPYKUII 3HOLIEHMX Ta [MOLWKOAXKEHNX OETOHHUX
BEpTONITHUX ManaaH4uKkiB Ha gaxax 6yauHKIB i B
IHLIMX BEPTOAPOMHUX MOANGDIKALISIX; MICLsT MOXJIM -
BOro po3TallyBaHHs BEPTOITHUX MangaH4YuKIB, LLO
MOXYTb 6yTu pi3HUMM 3@ po3Mipamu Ta KOHQIrypa-
uiero: MobisIbHI, Ha NepeciyeHii MicLUeBOCTi, Ha3eM-
Hi, Ha gaxax 6yaiBesb i criopys, Ha MOHTOHax, Ha
Mopcbkux abo piykoBuX CyAHax i sixTax, Ha Mop-
CbKux b6ypoBux rnaatgopmax, 3a iHANBIAYa/IbHUMU
npoektamu. [poaHasizoBaHO MigxoaAv [0 YAOCKO-
HaJIeHHs1 ICHYH4YOI METOANKU pO3paxyHKy Ta rpo-
€KTYBaHHS XOPCTKUX BEPTOAPOMHUX MOKPUTTIB.

HaBeaeHo nopiBHSI/IbHW aHasniz HopMaTuB-
HOI gokymeHTauii 1a pexkomeHgauivi ICAO, FAA,
CHull 2.05.08-85, B siknx He HagaHo YiTKOro ysiB-
JIEHHSI PO METOAMKY PO3PaxyHKy TOBLUMHU XKOP-
CTKUX BEPTOAPOMHUX MOKPUTTIB, HE BUOKPEM/IEHO
pPO3paxyHOK MOKPUTTIB BEPTOAPOMIB Bifl pO3paxyHKy
aepoapoMHUX MOKPUTTIB, HE BUAIJIEHO KPUTUYHI re-
pepi3u rpu po3paxyHKyY MOKPUTTIB Ha HaBaHTa>KeH-
HS Bifl TBUHTOKPWIIIB, HE BpaxoBaHO OCHOBHI BigMiH-
HOCTI MPOEKTYBaHHSA MOKPUTTIB 4 BEPTO/ILOTH Bif
MOKpUTTIB AJ151 06C/1yroByBaHHS NiTakis, O r10/isi-
rarTb 'y AMHaMili 34IMCHEHHST 3/TITHO-MOCaA04YHNX
oriepawiu.

OcKinbKku, Bara Cy4yacHuWX BEPTOJIbOTIB 3Mi-
HIOETLCSl Y BEJIMKOMY Aiaria3oHi, BCTAHOBJIEHO, LO
nig pi3Hi Barosi kateropii HE06XiAHO BMKOPUCTOBY -
Batu Pi3Hi TUNnN MOKPUTTIB (MOYMHaK4YM Bif KOH-
CTPYKUi¥, nigHATUX Hag piBHEM 3eM/i nig nerki 1a
cepesHi BepTo/IbOTM Ta 3aKiH4yr4yu LeMeHTobe-
TOHHUMUW [MOKPUTTSIMU M1i4 Ba>KKi BEPTO/IbOTH).

KnwyoBi croBa: rnpoeKTyBaHHS >XXOPCTKUX
MOKPUTTIB aepoapoMiB Ta BepPTOAPOMIB, BEPTOJIIT-
HUVA Man[aH4ymK, po3paxyHOK Ta MPOeKTyBaHHs ae-
POAPOMHUX MOKPUTTIB.

YPOBHE MOBEPXHOCTH (Ha /10604 M/IOTHOM M0BEPX-
HOCTU uin OBbIYHOM IPYyHTE), KOTOpblE YCrELIHO
3aMeHsIIOT 6ETOHHbIE, a TaKXKe A/151 PEKOHCTPYKLUMU
M3HOLUEHHbIX M MOBPEXAEHHbIX G6ETOHHbLIX BEPTO-
JIETHbIX MJI0W3A0K Ha KpbILax AOMOB U B APYIrnx
BEPTOAPOMHBIX MOANDUKALUMNSIX,; MECTA BO3MOXHOIMO
pacriosioxXeHunsi BEPTOIETHbIX [MJ10L3A0K, KOTOPpble
MOryT 6bITb Pa3/IMYHbLIMU 10 pasMepam u KOHGUry-
paumnn: MobusbHble, Ha NeEpPeCce4YeHHON MECTHOCTH,
Ha3eMHbIe, Ha KpbILuax 34aHui n COOPYXEHWH, Ha
[MOHTOHAaxX, Ha MOPCKNX MN/IM PEYHbIX CyAax v SXTax,
Ha Mopckux 6ypoBbiX naarpopmMax, rno NHANBUAY-
al/lbHbIM rpoekTaM. [lpoaHaan3npoBaHbl MOAXOAbI
K COBEPLUEHCTBOBAHMIO CYLLECTBYIOLEN METOANKMU
pacyera v rnpoeKTUPOBaHMS XECTKMX BEPTOAPOM-
HbIX MOKPbITUA.

lpyBeneH CpaBHUTE/IbHbIN aHaan3 HopMa-
TUBHOM [OKYyMeHTaumu u pekomeHgaumi UWKAO,
FAA, CHull 2.05.08-85, B KOTOpbIX [aHO 4eTKOE
rnpeacraB/ieHne O METoAMKE pacyeTa TOJILMHBbI
KECTKNX BEPTOAPOMHBIX MOKPbITUI, HO pacyeT ro-
KpbITUI BEPTOAPOMOB HE OT/IMYAETCs OT pacdyera
aspOAPOMHBIX MOKPbLITUH, HE BbIAESIOTCS KPUTU-
Yeckue ceyeHus npu pacyeTe roKpbITUM Ha Harpy-
3K OT BEPTOJIETOB, HE YYUTbIBAIOTCS OCHOBHbIE OT-
JINYUNS IPOEKTUPOBAaHUS MOKPbITUI 1104 BEPTO/IETHI
OT MOKPbITUI A1 06C/Ty)XUBaHMSI CaMOIETOB, CBSI-
3aHHbIE C ANHAMUNKOWN OCYLLECTB/IEHUS B3JIETHO-MO-
CafAoYHbIX orepauymi.

lTocko/ibKy BEC COBPEMEHHbIX BEPTOJIETOB
MeHsieTcss B 60/IbLIOM AMana3oHe, yCTaHOBJ/IEHO,
YTO MO4 pa3Hble BeCOBble Kareropuu Heobxoammo
MUCOIb30BaTb Pas/IM4yHbIE€ TUMbl MOKPbITMHI (Ha-
YMHas OT KOHCTPYKUMI, MOAHSITbIX HaA YypPOBHEM
3eMn 1104 JIerKne n cpegHne BepTosieThbl U 3aKaH-
ymBasi LUeMeHTOOBETOHHbIMU [MOKPbITUSMU 104 Tsi-
)KeJlble BEPTOJIETHI).

KrryeBble c10Ba: npoekTupoBaHMNeE XeCTKUX
MOKPbITUI a3poApOMOB M BEPTOAPOMOB, BEPTO/IET-
Has rowjagKka, pacyetr u MpoeKkTUpoBaHWe aspo-
APOMHbIX MOKPbITUM.
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