HelIlIeM MouIexXaT OIpeIeIeHUIO I YTOY-
HEHHUIO.

B Tabnuiie 1 B KauecTBe IIpuMepa pacyeTa
IpeACTaBICHBI ITapaMeTPbl A U M B KPUBbBIX
YCTaJIOCTU CUMMETPUYHOTO LMKIa 1ia P, =
10, 20, 30 ToHH TIpKN ny=3,2 u nyp=7.

Kak BugHO M3 TaOMULBI, IS KaxXI0TO
COCTOSIHMSI TPYHTOBOI'O OCHOBaHMSI IIOKPBITHS
a’poJIpoMa, XapakKTepu3yeMOro rapaMeTpoM
netin P, mokasarenb KpuBOii ycTaaocTu
B ciy4ae auarpaMMbl OpuHra Gosiblie, 4yeMm
IUIst clydast TMHEHHOM, T. €. m >m,. IMonHbie
IYarpaMMbl YCTaJIOCTU IIPU BEPOSITHOCTHU
MOSIBJIEHUsI TpeluuH, paBHoi 50%, mosayya-
I0TCsI B BUJIE:

N=A, (1-k) /k";

N,=A,/ (kk+k?) 0. (3)
3nech k 1 kk — KoaduLMeHTHI cpeaHeii

U TepeMeHHOM Harpy3ku Ha nmokpbitTue BITIT

IIpY TIOCAIKE CaMOJIeTa.

Takum o6pa3oM, peKOMEeHIyeMOe BbIpa-
KeHue (2) Mo3BOJISIET ONIPEACIUTh pACUCTHBI
CPOK CJTIY>KObI ITOKPBITHUSI 30HbI ITPU3EMJICHMS
BIIII ¢ yaueToM C€30HHBIX U3MEHEHUI B IPyH-
TOBOM OCHOBAaHMUM. DTO IAaeT BO3MOXHOCTh
OLIEHUTb PECYPC KOHCTPYKLIMU IIPU IIPOCKTH -
pPOBaHMU, a TAKXKE 00CCIICUUTh ONITUMAJIbHbIC

YCIIOBUS 9KCIUIyaTallMK MOKPBITUS IIyTeM
peryJiMpoBaHust B a3poropTax IOCag0YHbIX
OIepalMii pacueTHBIX CAMOJIETOB 10 pabOYrM
Kypcam.

Ha Haii B3misi, COBpeMEHHBIE BBIYMCIIM -
TeJIbHbIE CPEICTBA CIIOCOOHBI 3HAYUTEIBHO
pacLIMpuUTh 3aJady Py pacueTe adpoapOM-
HBIX TTOKPHITHI1 (y4eCTb U3BMEHEHUS (pU3nye-
CKUX CBOICTB IPYHTOBOI'O OCHOBAHUSI B 3aBU -
CHMOCTH OT KJIMMaTa, CE30HHOCTH, BpEMEHH
CyTOK U 1p.). OMHAKO 3KCIIepUMEHTAIbHBIC
JIaHHbIE TTOKa OTCYTCTBYIOT. Hy>XHbI Hamex-
HbIE apeca a3pOIPOMHBIX CJIYKO [UIsi BOCITOJI-
HEHMUSI OYEBUIHOIO AeUIMTAa TOAOOHOM
UH(POpPMALIUH.
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PERFORMANCE OF RIGID PAVEMENT IN PLANES’ LANDING AREA

Nazarov, Viktor V. — Ph.D. (Tech), associate professor of Moscow State University of Railway Engineering

(MIIT), Moscow, Russia.

ABSTRACT

As it is shown by experimental studies, variable
vertical loads acting on the pavement of the airdrome
are random in nature. In this regard, to assess the
reliability of pavements calculation method is necessary,
bonding characteristics of the random loading process
with the simplest fatigue behavior — Wohler curve. The
article proposes methods providing for determining the
design life of pavementin planes’ landing area within the
parameters of the foundation material and the impact
of the loading dynamics of airdrome pavement. This
makes it possible to properly assess structural life of the
pavement in the design process, and to ensure optimal
conditions of its operation by controlling the amount of
landing operations of calculated aircrafts from different
runway headings.

ENGLISH SUMMARY

Background. /n accordance with applicable
instructions for airdrome design calculation of
operating rate of pavements is determined by
modular ratio, which is taken up depending on the
ratio of wheel load of j-th aircraft to wheel load of a
calculated aircraft.

However, the most complete characteristics of
load intensity are operating cycles (OC), which make

it possible to estimate with a given probability the main
parameters that influence integrity and life duration
of pavements of airdromes. In [1] it is shown that
during simulation on analog computers of the dynamic
effects of aircraft wheels at landing, a transient
process involves several cycles of deformation of the
pavement. In that regard, it was proposed to calculate
energy using coefficient of influence k , whose value
ranges from 1to 1, 12.

Objective.

The objective of the author is to propose a method
enabling to determine the design life of pavement
in planes’ landing area within the parameters of the
foundation material and the impact of the loading
dynamics of airdrome pavement.

Methods. The study is based on the model of
«plate-ground» system with nonlinear dissipative
and elastic properties which reflects real conditions
of deformation of airdrome pavements.

Results. /n assessing the intensity of damage
of airdrome pavements it should be considered that
in the process of landing the load from the aircraft
wheels is determined not only by landing weight,
but also by vertical load factor. Furthermore, load
intensity of a pavement is largely dependent on the
strength of foundation material, whose elastic-plastic
characteristics in the proposed model «plate-ground»
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Pic. 1. Calculation model (a) and adopted diagram of stress-strain behavior |
of the system «plate-ground>» (b).
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20 which shows that the coefficient k, at landing of an
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Pic. 2. Dependence of influence coefficient of load
dynamics of airdrome pavement k from overload
degree at landing of an aircraft with flight weight of 75,
40 and 20 tons.
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Pic. 3. Dependence of influence coefficient of load
dynamics of airdrome pavement k). from parameter Pt
at landing of a calculated aircraft.

are estimated by variable stiffness C_=f (y) and the
parameter of the loop P_(Pic. 1).

In a first approximation, accounting of
damageability degree of a pavement, introduced
by each landing of the plane, may be made by the
expression:

k, =A%k =212 (1+Zy? T /T), (1)
where k, is an influence coefficient of deflection
dynamics of an airdrome pavement;

A is a dynamic coefficient to be determined
depending on the landing place and overload factor.

Pic. 2 shows dependences associated with the
use of coefficient k,. It can be seen that value of k,
in case of linear task is higher than in case of the
pavement deformation scheme with parameter P_=
20 tons. Thus for normal landings with vertical load
factor n <2 coefficient k, is less than unity. However,  pjc.4-6. Examples of landing of Tupolev-154 aircraft
in some cases (for example, «rough» landings) runway at Moscow Domodedovo airport.
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Values of parameters A and m in curves of symmetric cycle fatigue

Table 1

Type of adiagram |P =10t P =20t P =30t

m A m A m A
Linear (1) 0,585 0,75 0,366 0,65 0,217 0,58
Oding (d) 1,167 0,50 0,733 0,48 0,434 0,49

ofthe main landing gears runaway pavement receives
significantly more damage than at symmetrical
landing, due to different values of given masses of
a mat and foundation material. However coefficient
k, may be higher or less than unity depending on the
values of vertical load factor at the landing. Moreover,
as it is shown by the results of studies, landing of
aircrafts with turbine engines are performed, as a rule,
on one of the main landing gears [2]. Based on the
above, to determine lifetime of mats of pavement in
the landing area of a runaway, the following expression
is recommended:

Ton= N, o/F (X ¥,) ZK kN, (2)
where T, is an estimated lifetime of mats of a
pavement in the landing area of a runaway in years;

F (x, y) is a density of distribution of landing
impacts of aircraft wheels along the length and width
of the landing area;

N, » is a linear limit diagram (denoted by index
1) and dding diagram (denoted by index d), which is
determined by formulas [3] and [4];

n_is annual operation rate of runway pavement
during landing of calculated aircrafts with the
magnetic heading.

Due to the fact that considered method for
determining resource of mats of a runaway landing
area is proposed for the first time and there is a lack
of a number of necessary input data (e. g., vertical
load factorn,_which would have a breaking effect for a

Jp. . . . .
pavement), itis advisable in the calculating of curvesin
the diagrams N, , to conduct calculation in parametric
form for severaf values of the unknown quantities,
which then must be determined or specified.

In Table 1, as an example of the calculation are
introduced parameters A and m in curves of the
symmetric cycle fatigue for P, = 10; 20; 30 tons at
ny=3,2 and n, =7.

As the table shows, for each state of foundation
material of an airdrome pavement, characterized
by parameter of the loop P, index of the fatigue

curve in case of Oding diagram is higher than for
linear one, i. e. m >m, Full fatigue diagrams at
cracking probability of 50% are obtained in the
form:

N=A, (1-k) /km;
N,=A,/ (kk+k?) 05, (3)

Here k and kk are coefficients of average and
variable loads on the runaway pavement while aircraft
landing.

Thus, the recommended expression (2) makes
it possible to determine the expected lifetime of
a pavement in the runaway landing area, taking
into account seasonal variations in the foundation
material. This provides an opportunity to evaluate
structural life in the design, as well as to provide
optimal operating conditions of a pavement by
regulating landing operations of calculated aircrafts
by runway headings.

Conclusion. /In the author’s opinion, modern
computational tools can greatly extend the task
of calculating airdrome pavements (taking into
account changes in physical properties of foundation
material, depending on the climate, season, time of
day, etc.). However, experimental data are not yet
available. Reliable addresses of airdrome services
are required to compensate for apparent scarcity
of such information.

The methods proposed in the article enable to
determine the design life of mats of pavement in the
runaway landing area with account of parameters
characterizing the state of a pavement foundation
material and impact degree of the load dynamics
of airdrome pavements at aircraft landing. This
makes it possible to properly assess structural life
of a pavement in the design process, and to ensure
optimal operating conditions of a pavement in the
runaway landing area by regulating the amount
of landing operations of calculated aircrafts from
different runway headings.

Keywords: airdrome, operational cycles, «mat- ground» system, runways, performance, rigid pavements,

calculation model.
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