T. Bliznyuk. Theoretical aspects of lightweight helipad pavement calculation 59

UDC 625.717.02 (045)

Taras Bliznyuk

THEORETICAL ASPECTS OF LIGHTWEIGHT HELIPAD PAVEMENT CALCULATION

National Aviation University
Kosmonavta Komarova avenue 1, 03680, Kyiv, Ukraine
E-mail: Bliznyuk10@mail.ru

Abstract. The article focuses on the calculation of mobile heliport and airport pavement. Benefits and
disadvantages of using steel plates as a pavement material and history of its development are presented. Basic
calculation relations, which could be used in the development of standard calculation procedure of mobile pavements,

are also given.
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1. Introduction

Today a helicopter is the most advanced representative
of vertical takeoff aircraft’s family.

Unlike an airplane a helicopter can move
backwards and sideways, hover at one place.

This exceptional flight characteristics identified a
wide range of its using.

At present, the scope of helicopter’s widely used
— it can be used even as an air crane during
construction works.

Currently there is no normative document in
Ukraine devoted to the design of heliports
pavements.

This problem is related to the development of the
modern national normative documents instead of the
former Soviet design standards.

While the new regulations are being approved
Ukraine should use the ICAO standards.

However, there are no recommendations for the
design and calculation of the mobile pavement in the
aforementioned normative document, and basis
relations for determining the stress state of slabs are
absent too.

2. Analysis of publications

Nowadays there is two most common pavement
types for aircraft in the world [2]:

— rigid (concrete, reinforced concrete and asphalt
cement-based pavements);

— flexible (asphalt concrete, pavements which is
consist ofdurable stone materials treated with
organic binders, crushed stone and gravel materials,
soils and local materials treated with inorganic and
organic binders, prefabricated metal, plastic or
rubber elements).

However, taking into account peculiarities of
takeoff and landing helicopters operations, we
shouldadditionally distinguish pavements of rooftop

helipads, ground helipads and pavements which
arose above ground level and pavements for
temporary helipads (mobile or dismountable
pavements).

Of the proposed at different times prefabricated
pavement designs (wooden boards, decking on
joists, rubber-fabric or fabric rolls, canvas treated
with bitumen, metal grid, grille with bars), some of
them firmly entrenched in airfield construction
practice.

Dismountable pavements with stamped metal
plates were first proposed in the United States of
America during the Second World War and have
proliferated in peacetime.

For temporary helipads used pavements in the
form of metal nets or sheet metal working only in
tension.

Such pavements used earlier mostly in remote
places.

Lightweight dismountablepavement previously
was used for short-term aircraft operation during the
war [4].

Construction of such pavements was supposed on
airstrips intended for short-term aircraft deployment.

These pavements were applied in cases when
construction of traditional pavements wasnot
possible because of lack of time, building materials
or adequate weather and suitable environmental
conditions.

The use of metal pavements for temporary
helipads has several advantages:

— sufficient bearing capacity for the expluatation
of different types of helicopters;

— light weight (compared to the weight of
material required for traditional rigid or flexible
pavements);

— speed of construction (2-3 days) and its
disassembly (1-2 days);
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— ensuringsubbase fast drying.

However, high percentage of damaged plates and
potential damage of aircraft wheels caused the need
of searching other materials.

Particular interest arouse rubber-cord plates
which are used, for example, for decking through
railway crossing.

However, lack of calculation method makes
impossible using of this perspective material.

Among theoretical studies the most significant
results were obtained during studying the interaction
of system: airplane — pavement — subbase.

Pavement behavior was studied as a whole
structure and as individual plates in longitudinal and
transverse directions.

Optimal shape of slab and its thickness, behavior
of locking connection between the plates was
investigated.

Service life of metal pavements for different
aircrafts with different take-off weight and landing
speed, design methods for metal pavements were
determined [4, 5].

The most complete theoretical generalization and
approximation of the behavior of real structure was
done by V.K. Tsyhanovskij [6].

3. Lightweight mobile pavement strength calculation
algorithm

The algorithm was developed based on the modified
installation method and equations of motion of a
discrete model integrating.

This algorithm, known as viscous relaxation, can
be extended to solving the problem of numerical
simulation of thin shells on linear elastic foundation
deformation.

In practice these equations can be used to
calculate runway lightweight mobile pavements for
transport aircrafts in the field or in difficult terrain.

For these pavements can be used flexible shell
made of composite materials which work together
with soil foundation and are characterized by the
presence of large deflections and strains.

Strength calculation of such pavements is related
to the study of thin membrane shellson elastic
foundation nonlinear deformation process.

Linear-elastic foundation on which the membrane
shell based is approximated by a set of springs (Winkler
foundation), connected at 90° to the elementary area of
the membrane surface point in question.

Relations between elastic membrane shell and
elastic foundation is unilateral it means that reaction
appearsonly with a positive deflection.

It is assumed that the magnitude of response is
proportional to deflection (Winkler hypothesis) at a
given point on the surface of the membrane shell.

The proportionality factor “c” is the modulus of
elasticity function “Winkler foundation” E(c) and
the depth of layer function, depth in which there is a
pressure distribution on the surface forces that act on
the membrane shell.

Winkler hypothesis replaces the real elastic body
(foundation) by a number of unrelated between
themselves springs — elastic highly compressible rods.

Assuming that reaction is proportional to vertical
deformation, we find that continuously distributed
on the area of the membrane reaction determined by
following relation

q=-cv, (1

where ¢ — coefficient of proportionality;

v — deflection by the normal to the shell, mm.

A simplified mathematical model of elastic
foundation (1) reproduces the properties of the soil
quite well, although it can’t be considered as an
elastic body because cohesion between its particles
much smaller than the solid elastic body.

The assumption of proportionality between
deflection and reactions are performed strictly for
cylindrical shell submerged in liquid.

In this case the reaction is the Archimedes lift
force.

Comparing this physical membranes model on
elastic foundation with a physical membranes
model, for which the mathematical model based on
the method of viscous relaxation, we note that they
are the same [6].

Therefore, the mathematical model of differential
shell scheme on elastic foundation based on the
recurrent relations with elaboration of diagonal
stiffness matrix and the vector of external influences
caused by the influence of linear elastic foundation.

To determine the proportionality coefficient of
foundation it’s necessary to determine the length of
elastic, highly compressible rod in Winkler
foundation approximation.

Expected value of the depth (thickness) of the
layer for each specific task is determined by the
adopted assumptions.

For example with radius of semicircle equal to
half span of the membrane shell as a criterion for
determining elastic deformation area that interacts
with the membrane, can be used the value of the
pressure in the soil from the impact of the stamp.
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Width of stamp is equal to the span of membrane.

Thus, as a spring, which affects at a given point
and a discrete area of the membrane shell, we use
prismatic rodas high as thickness of the deformed
layer h(x) which is taken into account, and the cross-
sectional area F (s).

Then proportionality coefficient of foundation
reactions can be defined as

(O)F (s)
h(x*) ’

where E — elastic modulus, MPa;

F (s) — cross-sectional area, mm?;

h — membrane thickness, mm;
or, in the special case for the dissemination area of
deformation (pressure) in foundation soil as a
semicircle

2[E

= (s (s)s
where b — half deflection of the membrane shell,
mm.

Taking into account joining the foundation
springs by normal to the deformed surface of the
membrane, foundation reaction in normal
decomposition in the basis defined by the
components in a global basis as:

%) :_2\[

where 7'y, — components of the unit normal vector
to the membrane surface at the node N.

After an implicit integration we obtain the
following recurrent formulas for the shell on elastic
foundation:

K+ B, |l )=
= {QN) (a0 )} _{R(N) (a0 )} ~ vy
{ul;gﬁl)} { 1(n+l)}+A{ lz_ﬁ[n+l)}’

where 7' ) — components of the unit normal vector
at the nodes of the shell;

c” v —coerced coefficient of proportionality of
foundation reaction;

O’ o) — components of foundation reactions.

Underlined components determine the impact of
foundation in the interaction with membrane.

In solving problems of nonlinear shell
deformation on elastic foundation with contact or
concentrated influences it should be considered
uniaxial stress state of shell membrane.

(EoF(Don (00,

For shell on elastic foundation, it is necessary to
analyze unilateral relations of the local discrete shell
model in the tangential plane and in the direction of
motion by the normal vector, which leads to
significant non-linearity in the behavior of
membrane deformation.

4. Stress-strain state of the membrane

Let’s present an infinitesimal element of the
membrane, uniformly — distributed load with
intensity p =p (X, y) acts on its surface.

Let us show stresses at points k and k; of cross-
sections which are parallel to the planes YZ and XZ
respectively.

Points k and k; are located on the distance z from
the middle plane of the membrane.

For each tangential stress first index corresponds
to the normal vector to the section on which the
stress acts, and the second index indicates the
direction of tension.

In accordance with the rule of the parity of shear
stresses

Ty = Ty

We examine effect of load acting perpendicular
to the median plane.

Therefore, the resultant of all forces, which are
determined by stresses oy, G, 1 Ty, are equal to zero
and corresponding forces that calculated based on
this stresses represented only as moments.

Stress oy is transformed into M, moment and
stress o,- into M, moment (Fig. 1).
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Fig. 1. Infinitesimal element of the membrane

All forces (and moments) is calculated as the
resulting stress per unit of length.
Stresses oy, 6,will give moments

M =

X

6,zdz; M, = | ©,zdz; (2)
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where Mx, My —moments, kNm.

Moment M, acting in XZ plane, and the moment
M, —in YZ plane.

Stresses 1, and 71, represented as torque
moments

h
h
2
M, =M, = jh T,,2dz; 3)
2

where 1,,— shear stress, MPa.

Size dx on dy membrane element presented on
the Fig. 2 and positive directions of internal forces
Oy, Oy My, MM, M,, are shown.
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Fig. 2. Element of membrane with all components of
internal forces

Projecting all forces applied to the membrane
element on vertical axe Z taking into account the
equilibrium conditions we obtain following relation

an aQ —

pdxdy + dedy + Wdydx =0.

By summing equilibrium conditions in the form
of the sum of moments relative to axes 1 and 2
which are parallel to the axes X and Y, neglecting the
small second-order summands and keeping in mind

that M, = M,,, we obtain following equation
M, +282Mxy N 82My B
ox? oxdy o P

This equation is not enough to determine three
bending moments M,, M, i M,, and to solve this
problem we need to consider the deformation of the
membrane by presenting bending moments through
the second derivative of deflection [1].

5. Differential equations of curved membrane
surface

For thin plates we introduce following assumptions:

1. We assumed that all points of the plate, which
lie opposite to each other in vertical direction,
receive the same deflection, which does not depend
on coordinate z, ie, w = w(x, y).

Mutual compression of membrane layers is
neglected.

2. The normal vectors to the median plane of the
membrane (c-c) remain perpendicular to the curved
surface after deformation (Fig. 3).

Fig. 3. A fragment of the membrane before and after
deformation

Normal stress 6. is much smaller than o,, 6,, so it
is not included in the calculations.

Therefore, the relative strain €,, €, can be defined
by the following:

€ :a—u:i(c —-VG,);
Toox ETVYOV

_ov_1.
g v 7 (0, Vo),
where v — Poisson's ratio.
Furthermore:

v _

T, T, 21+V)
Ty G E ’

Solving the above equation with respect to
stresses, we obtain

__E (o, )
q“l—v{ax”ay)’
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Let’s express displacements from Fig. 3 (using
1st and 2nd assumptions)

u:—za—w'
ox’
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Taking into account these relations and
introducing them into the equation (4), we obtain the
following final relation between stresses and plates
deflection:

o = £z 82w+ *w
T 1=v2 ox? 9y’

Ez (*w _ Pw
=— + ;
O =TI ( 9)? Vo j

P w _ Ez Pw
oxdy  1+v oxdy’
Equation (5) we introduce in relation (2) and (3).

After integration over the cross section height we get
following equations for M., M, and M,,

)

T, =—2Gz

M, = D(az

az
)

a 2
’w Pw
My -D (? +Vv a—zj

_ o*w
Mxy = —(1 —V)Dw,

where D — membrane stifness:
The equation for determining the transverse
forces D,, D has the following form [3].

__pO[Fw W) 5O
Qx_ [axz (—})/Z\J_ Dax(AW)s
d(dFw, d d
Qy=—Day(a;f ay?} ay(Aw).
Therefore, all efforts expressed through
derivatives of plate deflection w.
Using the equilibrium conditions and the

equation for the moments after transformations we
obtain the differential equation curved middle
surface of the membrane:

a4w+ *w
8x28y2 8y4

84W

- _P
—AAW—D'

It is a heterogeneous biharmonic equation.
It can be briefly written as

_p
AAw = hE
on the left side there i
Applying it, we
finding a suitable
fixation conditions
boundary conditions.

s biharmonic operator on w.

are faced with difficulties in
solution that should satisfy
the plate edges — so-called

6. Conclusions

1. The history of lightweight mobile airport
pavments was reviewed.

This pavement type can be used when
construction of traditional pavements is impossible
because of lack of time, building materials or
adequate weather and suitable environmental
conditions.

Undeniable advantage of mobile lightweight
pavement is fast pace of its construction (2-3 days).

Particular attention is given to dismountable
lightweight pavement of metal plates.

However, present time requires reduction of
pavement elements weight.

Therefore metal plate slightly lost its popularity.
Instead of this pavement type come pavements with
other more lightweight, but strong enough materials
(plastic, rubber).

Obtained relations can be used to determine the
internal forces in pavement elements from such
materials.

2. Strength calculation algorithm of lightweight
mobile pavement was developed.

Design model of lightweight mobile pavement is
presented as shell membrane.

3. Differential equation derivation ofmembrane
shell curved middle surface was shown.

Without this relation any analysis of the stress-
strain state of mobile lightweight pavement is
impossible.

Further Outlined material can be used as a basis
for the development of calculation methods for
lightweight pavement design in further investigation
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T. B. Bainzuiok. Teopernuni ocod1uBocTi po3paxyHKy MOOLILHMX BePTOAPOMHUX IOKPHUTTIB

Harionansuuii aBiamiitnuii yniBepcuret, npocn. Kocmonasta Komaposa, 1,Kuis , Ykpaina, 03680

E-mail: Bliznyuk10@mail.ru
Po3rnsHyTO MUTAaHHS BU3HAYCHHS HANPY>KEHO-Ie(OPMOBAHOTO CTaHY THMYACOBHX IOKPHTTIB IIiJl TOBITPSAHI CyIHA,
PO3paxyHKy MOOUIFHHX aepOAPOMHHUX Ta BEPTOAPOMHHX ITOKPUTTIB. 3a3HaueHo, 110 B YKpaiHi He iCHYe HOPMAaTHBHOI
JOKYMEHTALi 1100 NPOEKTYyBaHHS, PO3PaxyHKy BEPTOAPOMHHUX IOKPHUTTIB Pi3HHX THIIIB, BIAIITYBaHHSI THMYAaCOBHX
HOKPUTTIB i3 TOHKMX METaJeBUX a00 T'yMOKOPIOBHUX IUIUT. SIK MOJETb IUIMTH MOKPHUTTA IS OTPUMAHHS OCHOBHHUX
PO3paxyHKOBHX 3aJIC)KHOCTEH BUOPAHO TOHKOCTIHHY OOOJIOHKY Ha TPYXKHiil 0CHOBI. POOOTY OCHOBH 3MOJICIEOBAHO 3a
JIONIOMOT010 Habopy MpY’KHH, 110 HE TOB'sI3aHi oHa 3 01HO. HaBeaeHo po3paxyHKOBI 3aJIeKHOCTI, SIKi MOXKYTh OyTH
BUKOPHCTaHI I1iJ] Yac po3po0JIEeHHsST HOPMATHBHOI METOIMKH PO3PAXYHKY MOOLIBHHUX ITOKPHUTTIB.
Kuro4oBi ciioBa: BepToapoM; BEpTONITHHN MaiJaH4MK; 30ipHE MOKPHUTTSA; MeMOpaHHa OOOJIOHKa; METajieBa IUINTA;
TIOJICTIICHE TIOKPUTTSL.

T.B. bausHiok. Teopernueckue 0c00eHHOCTH pacyeTa MOOHJILHBIX BePTOAPOMHBIX NOKPBITHI

HaunonanbsHelit aBuaniMoHHbI yHEBepcuTeT, npoci. Kocmonasra Komaposa, 1, Kues, Ykpauna, 03680

E-mail: Bliznyuk10@mail.ru
PaccMoTpeHBI BONPOCHI  OIPEAEICHUs] HaNpsDKeHHO-Ae(OPMUPOBAHHOTO COCTOSIHMS BPEMEHHBIX MOKPBITHH 1101
BO3/YIIHBIE Cy/a, pacyeTa MOOMIBHBIX a’3pPOAPOMHBIX M BEPTOAPOMHBIX HMOKPHITHH. OTMEYEHO, YTO Ha YKpanHEe HE
CYLIECTBYET HOPMAaTUBHOM JOKYMEHTAMM IO MPOEKTUPOBAHMIO, PAaCUeTy BEPTOAPOMHBIX IMOKPBITHH Pa3HBIX THUIIOB,
YCTPOMCTBY BPEMEHHBIX MOKPBITHI U3 TOHKUX METAJUIMYECKUX MU PE3MHOKOPIOBBIX IUINT. B KauecTBe MOAENH TUIUTHI
HOKpPBITHA ~ AJIA TIOMYYEHHS OCHOBHBIX PAcuUeTHBIX 3aBHCUMOCTEH BBIOpaHa TOHKOCTEHHas 00O0JOYKa Ha YIPYroM
ocHOBaHMU. PaboTa OCHOBaHMS CMOJENMPOBaHA C IOMOIIBIO HaOopa IPY)XHH, HE CBS3aHHBIX APYT C IPYTOM.
[IpuBeneHbI pacueTHbIE 3aBUCHMOCTH, KOTOPBIE MOT'YT OBITh MCIIOJIb30BAHbI IIPH pa3pab0TKe HOPMAaTUBHOM METOIMKU
pacyera MOOMIIBHBIX TTOKPBITHH.
KioueBbie cjioBa: BEpTOAPOM; BEPTOJETHAS IUIOIIA/IKa; MEMOpaHHast 000J104Ka; MeTaUTMYecKas IIuTa; 00JIery€HHoe
TIOKPBITHE; COOPHOE TIOKPBITHE.
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