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Abstract: The aim of the study was to study the possibility of using the Dirichlet distribution as a statistical
model of the process of dynamic interaction of large-span structures with aerodynamic load. As an object of re-
search, a model of a hangar building was chosen for the maintenance of two AirbusA-380 aircraft at a scale of 1:
500 blown in a wind tunnel at five directions of wind flow at angles of 0 °, 30 °, 45 °, 60 °, 90 ° to the front of
the structure ... It is shown that the statistical model of the Dirichlet distribution has sufficient flexibility and re-
alism and compares favorably with the models built on the basis of the normal distribution, beta distribution,
gamma distribution and Poisson distribution when describing the processes of intense dynamic interaction of
wind load with structural elements. The problem of finding an integral assessment of the state of the processes of
interaction of the wind load with the hangar building for the maintenance of two aircraft was reduced to calculat-
ing the self-organization parameter of the distribution over the surface of the building model of the aerodynamic
coefficients, which was taken as the ratio of the total weighted amount of the Dirichlet models detected in the
analyzed numerical series of the registered signal i-th dimension with negative external entropy to the total
weighted number of Dirichlet models with positive external entropy.

The study showed that the dimensionless informational and statistical indicator of self-organization makes it
possible from a unified standpoint to assess the states that differ from each other in terms of external signs, the
processes of interaction and their dynamics. The integral indicator can be used to rank the efficiency of operating
systems and can be useful in assessing the state of the processes of dynamic interaction of the operating pressure
and objects and structures of various shapes and purposes.
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CTATUCTHYECKASA MOJEJIb ASPOAUHAMHUYECKOI'O
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Annotanusi: [{espro nccne0BaHus SBISJIOCh U3yUeHUE BO3MOXKHOCTH MCIIOIb30BaHUs pacipenenenus Jupux-
Jie B Ka4eCTBE CTATUCTHYECKOW MOJENU Mpolecca TUHAMHYECKOTO B3aHMMOJICHCTBHS OOJBIIEIIPOJICTHBIX KOH-
CTPYKIIUIA C BETPOBBIMU HArpy3kamu. B kauecTBe 00beKTa UCCIeI0BaHMsI ObLT BHIOPAH MAKeT 3[[aHMs aHTapa JUis
TEXHHUYECKOT0 00CITyKUBaHUs ABYyX camolieToB AirbusA-380, paszpaboranublii B macimtabe 1:500, koTopbilit
MOJIBEprajiach adpoJAMHAMUUECKIM BO3JCHCTBUSIM B a9POJMHAMHUUECKON TpyOe MO MATH Pa3IMYHbIM Hampasiie-
HUSAM BeTpoBoro motoka nox yrimamu 0°, 30°, 45°, 60°, 90° k mepenHeit yactu koHCTpykumu. ITokazano, 4to
CTaTHCTHYEeCKass MOJeNb pacrpeneneHus Jupuxie obiajaeT A0CTaTOUYHOM T'MOKOCTBIO, OTPaXKaeT peajibHYIo
KapTUHY W BBIFOJIHO OTJIMYAETCs OT MOJEJIEH, NOCTPOSHHBIX Ha OCHOBE HOPMAJILHOTO pacmlpejereHus, Oera-
pacripeziesieHusl, TaMMa-pacrpe/iesieHust U pacrpesenenus [lyaccona npu onvcaHuy NpoOLECCOB HMHTEHCHBHOTO
JMHAMHYECKOr0 BO3JICHCTBUS BETpa Ha SJIEMEHTHI HMOKPHITHS. 3a/iadya HaX0XKJCHUSI MHTETPAIILHON OLICHKH CO-
CTOSTHHSI TIPOIIECCOB B3aMMOJICHCTBHSI BETPOBOW HArpy3KH CO 3/[aHHEM aHrapa JUisi TEXHHYECKOT0 00CITyKMBaHHS
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JIBYX CaMOJIETOB CBOJMJIACH K BBIYHMCIICHUIO ITapaMeTpa CaMOOPraHU3alMu PacipeielieHHs 0 MOBEPXHOCTH Ma-
KeTa 3JIaHus 3HAYCHUI a9pOJMHAMHYECKUX KO3()(UIIMEHTOB, B KAYeCTBE KOTOPOTO OblIa IPUHSTA BEIIMUYUHA OT-
HOIIECHHS CYMMapHOT'O B3BEIICHHOTI'O KOJIMUYECTBA BBISBJICHHBIX B aHAJIM3UPYEMOM YHCIOBOM psijie 3aperiucTpu-
POBaHHOTO curHajia Mozeneil Jlupuxie i-0ff pa3MepHOCTH, UMEIONINX OTPUIATEIbHOE 3HAYECHHE BHEITHEH 3H-
TPONINH, K CYMMapHOMY B3BEHICHHOMY KOJIMYECTBY Mojeleil J[upuxie, MMEIOMHNX TOJIOKHUTEIFHOE 3HAUYCHUE
BHEIITHEH SHTPOIIHH.

[IpoBeneHHOE WCCIIEIOBAaHNE TTOKA3aI0, 9TO Oe3pa3MepHBI MH(POPMAIMOHHO-CTATUCTUIECKAN MMOKa3aTeIh Cca-
MOOPTaHHU3AINHU TI03BOJISICT C €ANHBIX ITO3UIIHIA OIIEHUTH COCTOSIHHUS, OTIMYAIOIINXCS MEKAY COO0 10 BHEITHUM
TIPU3HAKaM TPOIIECCH B3aMMOIEHCTBHA U MX TUHAMHUKY. VIHTETpalbHBIN MOKa3aTelIh MOXKET OBITh HCIIOIB30BAH
JUIsL paH)KUpoBaHust 9(Q(GEKTUBHOCTH JCUCTBYIOIINX CHCTEM U MOXKET OKa3aThCsl MOJIE3HBIM MPHU OLIEHKE COCTOsI-
HUSI TTPOIIECCOB AMHAMUYECKOTO B3aMMO/ICHCTBHS JCHCTBYIOLIErO AaBJICHUS U PA3IMYHBIX 110 GopMe U Ha3Haue-
HUIO 00BEKTOB M KOHCTPYKLIUH.

KuroueBbie ciioBa: BETpOBas Harpys3ka, CTaTUCTUYCCKasd MOACJIb, PaCpCaACIICHNUC ﬂnpnxne, OHTpOIINA,
caMOOpranmn3anus

1. INTRODUCTION

Structural aerodynamics have always been con-
sidered quite important and paramount in de-
sign. Many works of domestic and foreign au-
thors are devoted to the study of the distribution
of aerodynamic loads on various objects and
structures using methods of numerical modeling
and experiments in a wind tunnel [1-6]. Howev-
er, there is no unified methodology for assessing
the state of the processes of dynamic interaction
of the operating pressure and objects and struc-
tures of various shapes and purposes. For large
objects of complex shape, taking into account
the wind profile, this problem is not fully solved
even with modern computing means [7-12]. In
particular, as shown by the results of experi-
ments, the aerodynamic characteristics for
large-span buildings, as a rule, differ for each
object [13-18]. The main approach to solving
the problem of the distribution of aerodynamic
loads consists in setting a mathematical model
of a building or structure and solving three-
dimensional equations of fluid and gas motion
with adequate turbulence models implemented
in modern software and computational systems
for fluid dynamics, as well as carrying out a
physical test of the model in a wind tunnel. At
the same time, the question of assessing the na-
ture of the interaction of large-span structures
with a complex geometric shape as a whole with
the aerodynamic load remains, as a rule, open.
Therefore, obtaining an assessment of the state
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of the processes of interaction of wind load with
complex large-span structures based on the use
of new information technologies requires further
development.

2. MATERIALS AND METHODS

Modern large-span structures are a complex
system consisting of a complex of various sub-
systems, which, in the course of the action of
the wind load, through the exchange of energy,
are interconnected by processes of intense dy-
namic interaction. In this system, complex
transient processes occur and critical chaotic
regimes arise, as a result of which self-
organization processes can occur, which means
that the system's reactions are determined not
only by external forces, but mainly by its struc-
ture and internal connections. A large number
of interacting elements, the influence of many
poorly controlled external factors lead to the
fact that the processes that determine the state
of such structures reveal a probabilistic nature
and can be represented by a statistical model
(image) in the form of a probability density
function defined on a limited interval by the
Dirichlet distribution. The model reflects the
result of joint implementation of n-1 independ-
ent processes xj, proceeding with speeds (in-
tensities) vj, and the opposite process in the
sense of the process, proceeding with a speed
vn. In this sense, the distribution is informa-
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tionally equivalent to an object of any nature density function of the Dirichlet distribution,
and degree of complexity [19]. The probability defined on a k-dimensional simplex, is

1—‘(al’l) k v;—1 k v, —1
D seurs :—II'— T x ]_E__ e 1
(Xl Xk) Hinzl F(Vi) i=1 % ( i=1 X ) ( )

: N g
0<Y x<Lvy20,.,v, 20, >0 vy =an=k+1

In ()0 (Mis the gamma function. The entropy
of the Dirichlet distribution according to the
definition

H=—|p(x)log, p(x)d
)J; X X )dax (2)

up to the base of the logarithm is

H(V veava) = [TT(vi) ~InT(ag) + (@, —n)w(au—il(vi Dy (v;) 3)
i=1 i=

Here in (4) and (5) y(x)= d InT'(x) is the loga- lgr's 'psi-'function). The entropy of the Dirichlet
dx distribution can be represented as the sum

rithmic derivative of the gamma function (Eu-
H(D) =H;(vq,...,v,)+H.(a,) (4)

in which the always positive term

(Ve ¥) = I T T ) = 2 (4 - Dy () )

represents the entropy production corresponding
to the second law of thermodynamics, and the
term

H.(a,)=-InT(a,)+(a, —n)w(a,) (6)

represents the entropy flow characterizing the (v, =,..,= v = v, ) the Dirichlet distribu-
processes of interaction with the external envi-

ronment. Atn>3the entropy flux (6) can take
both positive and negative values.

With an unlimited increase in the number of
processes proceeding at the same speeds

tion can be approximately replaced by a gamma
distribution with density
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7(x) = o))

and the entropy

H,=v,+InT'(v,)-(v, -Dy(v,)

The expression for the entropy of the gamma
distribution does not allow to select any part of
it that characterizes the entropy flux. Therefore,
the model represented by the gamma distribu-
tion corresponds to an isolated system. Conse-
quently, the choice of this model when describ-
ing processes in problems of atmospheric
sounding [20,21] or in problems of detection
[22,23] is incorrect, since an isolated system
does not take into account the interaction of an
object with the external environment. As a sta-
tistical model, the gamma distribution is only to

X

Pox

Like the gamma distribution, the Poisson distri-
bution is a fluctuation model, since the mathe-
matical expectation (space-time characteristic)
for (9) is by definition equal to the second cen-

H, :V(l—lnv)+lnF(1+V)+§l//I(l+V)

does not allow, as in the case of the gamma dis-
tribution, to single out the entropy flux. Conse-
quently, model (11) corresponds to an isolated
system with all the ensuing consequences. It
should be noted that the normal distribution, de-
fined on an unlimited interval, as a statistical
model of the researched process, assumes that
the investigated object has physical properties,
the parameters of which tend to an infinitely
large or small value. Obviously, there are no
such properties.
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exp(—x),x20,v, 20

f = —exp(— x);V >0;x =1,2,...

(7)

(8)

the extent a satisfactory model for observing the
state of an object, in which it is possible to im-
plement an infinitely increasing number of pro-
cesses proceeding at the same speeds.

Aty =1 (7) it turns into an exponential distribu-

tion — a model of observation (but not a mech-
anism) of radioactive decay.

If the speeds of processes take on discrete val-
ues, and the number of processes is large, but of
course, then the model will correspond to the
Poisson distribution, which has the form:

)

tral moment (impulse-energy characteristic). It
can be shown that the expression for the entropy
of distribution (9)

(10)

Thus, of all the considered distributions, only
the Dirichlet distribution has sufficient flexibil-
ity and realism, which favorably distinguishes it
from the models built on the basis of the normal
distribution, beta distribution, gamma distribu-
tion and Poisson distribution.

The object of the study is the projected hangar
building for the maintenance of two AirbusA-
380 aircraft in Moscow, covered by spatial
arches with a span of 227.65 m (Fig. 1).
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Figure 1. Main section of the hangar for maintenance

For testing in a wind tunnel, a model of the
hangar building on a scale of 1: 500 was made
on a 3D printer. The pressure measurement at
characteristic points of the coating surface was
carried out by means of a drainage system of
126 air outlet pipes connected to a microma-
nometer. The experiment was carried out for
five directions of the wind flow, at angles of 0°,
30°, 45°, 60°, 90° with respect to the front of the
structure. The tests were carried out in the la-
boratory of the Department of Heating and Ven-
tilation of NNGASU.

The problem of finding an integral assessment
of the state of the processes of interaction of the
wind load with the hangar building for the
maintenance of two aircraft was reduced to cal-
culating the self-organization parameter of the
distribution over the surface of the building
model of the values of aerodynamic coefficients
(tab. 1-5), which was taken as the value [23]

of the ratio of the total weighted yigi, number

9of Dirichlet models of i dimension, which
have a negative value of the external (flow) en-
tropy, revealed in the analyzed numerical series
of the registered signal, to the total weighted
3 iQl,, number of Dirichlet models with a posi-

tive value of the external entropy.

3. RESULTS AND DISCUSSION

The obtained values of the aerodynamic coeffi-
cients Cw=Psur/Po ,where Psur is the pressure
measured at the studied point of the surface, and
Po is the dynamic pressure exerted by the wind
flow on the vertical surface, are given in tables
1-5.

The values of the self-organization parameter of
the distribution of aerodynamic coefficients for
different directions of the wind load are shown

K. = ZLID— in Fig. 2.
S (11
>iQb,

Table 1. The values of the aerodynamic coefficients Cw at a wind flow direction of 0°
-0,15 | -0,15 | -0,10 | -0,12 | -0,15 | -0,15 | -0,15 | -0,15 | -0,15 | -0,15 | -0,15 | -0,15 | -0,12 | -0,15
-0,17 | -0,17 | -0,15 | -0,17 | -0,17 | -0,17 | -0,20 | -0,20 | -0,20 | -0,20 | -0,17 | -0,17 | -0,15 | -0,17
-0,17 | -0,20 | -0,20 | -0,24 | -0,27 | -0,27 | -0,24 | -0,24 | -0,27 | -0,27 | -0,20 | -0,20 | -0,17 | -0,17
-0,22 | -0,24 | -0,27 | -0,32 | -0,29 | -0,34 | -0,37 | -0,34 | -0,37 | -0,34 | -0,29 | -0,27 | -0,24 | -0,20
-0,29 | -0,34 | -0,37 | -0,44 | -0,41 | -0,44 | -0,46 | -0,44 | -0,44 | -0,44 | -0,41 | -0,32 | -0,29 | -0,27
-0,41 | -0,51 | -0,51 | -0,54 | -0,56 | -0,56 | -0,54 | -0,56 | -0,54 | -0,54 | -0,51 | -0,46 | -0,37 | -0,37
-0,54 | -0,61 | -0,61 | -0,61 | -0,63 | -0,61 | -0,61 | -0,63 | -0,63 | -0,63 | -0,61 | -0,59 | -0,51 | -0,49
-0,63 | -0,68 | -0,66 | -0,66 | -0,68 | -0,66 | -0,63 | -0,66 | -0,71 | -0,68 | -0,68 | -0,68 | -0,68 | -0,59
-0,76 | -0,80 | -0,73 | -0,71 | -0,68 | -0,68 | -0,68 | -0,66 | -0,73 | -0,71 | -0,76 | -0,76 | -0,78 | -0,78
24 International Journal for Computational Civil and Structural Engineering
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Table 2. The values of the aerodynamic coefficients Cw at a wind flow direction of 30°

-0,32 | -0,22 | -0,22 | -0,24 | -0,19 | -0,14 | -0,16 | -0,27 | -0,16 | -0,14 | -0,14 | -0,14 | -0,11 | -0,11
-0,38 | -0,22 | -0,22 | -0,27 | -0,19 | -0,16 | -0,22 | -0,30 | -0,16 | -0,14 | -0,16 | -0,16 | -0,11 | -0,11
-0,41 | -0,22 | -0,19 | -0,27 | -0,16 | -0,16 | -0,24 | -0,35 | -0,19 | -0,16 | -0,19 | -0,16 | -0,11 | -0,11
-0,41 | -0,22 | -0,22 | -0,30 | -0,19 | -0,19 | -0,24 | -0,35 | -0,19 | -0,16 | -0,22 | -0,16 | -0,11 | -0,11
-0,41 | -0,22 | -0,22 | -0,27 | -0,19 | -0,19 | -0,24 | -0,35 | -0,22 | -0,19 | -0,22 | -0,19 | -0,11 | -0,11
-0,41 | -0,22 | -0,19 | -0,27 | -0,19 | -0,19 | -0,24 | -0,38 | -0,22 | -0,19 | -0,22 | -0,19 | -0,11 | -0,08
-0,38 | -0,19 | -0,19 | -0,24 | -0,19 | -0,16 | -0,22 | -0,35 | -0,19 | -0,19 | -0,22 | -0,19 | -0,14 | -0,11
-0,32 | -0,19 | -0,16 | -0,24 | -0,16 | -0,14 | -0,22 | -0,30 | -0,19 | -0,16 | -0,22 | -0,19 | -0,14 | -0,11
-0,30 | -0,16 | -0,19 | -0,22 | -0,14 | -0,14 | -0,19 | -0,30 | -0,16 | -0,16 | -0,19 | -0,19 | -0,16 | -0,14
Table 3. The values of the aerodynamic coefficients Cw at a wind flow direction of 45°
20,03 | -0,13 | 0,13 | -0,17 | -0,17 | -0,13 | -0,20 | -0,17 | -0,17 | -0,20 | -023 | -0.27 | -0,20 | -0,27
-0,03 | -0,10 | -0,10 | -0,13 | -0,13 | -0,10 | -0,17 | -0,13 | -0,10 | -0,13 | -0,13 | -0,17 | -0,10 | -0,20
-0,03 | -0,10 | -0,10 | -0,13 | -0,13 | -0,10 | -0,13 | -0,13 | -0,10 | -0,10 | -0,13 | -0,13 | -0,07 | -0,17
-0,03 | -0,10 | -0,10 | -0,13 | -0,13 | -0,10 | -0,13 | -0,13 | -0,10 | -0,10 | -0,10 | -0,10 | -0,07 | -0,13
-0,10 | -0,13 | -0,13 | -0,20 | -0,17 | -0,13 | -0,13 | -0,17 | -0,10 | -0,10 | -0,10 | -0,07 | -0,07 | -0,13
-0,13 | -0,13 | -0,17 | -0,23 | -0,27 | -0,20 | -0,27 | -0,27 | -0,20 | -0,17 | -0,13 | -0,07 | -0,07 | -0,10
-0,13 | -0,17 | -0,20 | -0,27 | -0,33 | -0,30 | -0,53 | -0,53 | -0,50 | -0,37 | -0,30 | -0,20 | -0,07 | -0,10
-0,17 | -0,20 | -0,23 | -0,37 | -0,40 | -0,43 | -0,60 | -0,60 | -0,63 | -0,70 | -0,67 | -0,63 | -0,33 | -0,13
-0,23 | -0,23 | -0,27 | -0,40 | -0,53 | -0,57 | -0,60 | -0,63 | -0,70 | -0,87 | -1,00 | -1,07 | -1,10 | -0,60
Table 4. The values of the aerodynamic coefficients Cw at a wind flow direction of 60°
20,04 | 0,07 | -0,11 | -0,15 | -0,19 | -0,22 | -0,26 | -0,30 | -0,11 | -0,22 | -0,26 | -0,26 | -0,15 | -0,19
0,04 | -0,07 | -0,11 | -0,15 | -0,15 | -0,15 | -0,19 | -0,26 | -0,11 | -0,19 | 0,19 | 0,19 | -0,15 | -0,22
20,04 | -0,04 | 0,07 | -0,15 | -0,15 | -0,15 | -0,19 | 0,22 | -0,07 | -0,19 | -0,19 | -0,19 | -0,15 | -0,22
20,04 | -0,04 | -0,07 | -0,15 | -0,15 | -0,11 | -0,19 | -0,19 | -0,07 | -0,15 | -0,19 | -0,19 | -0,15 | -0.26
-0,04 | -0,04 | -0,07 | -0,11 | -0,15 | -0,11 |-0,19 | -0,19 | -0,07 | -0,15 | 0,19 | -0,15 | -0,15 | -0,22
20,04 | -0,07 | -0,07 | -0,15 | -0,11 | -0,11 | -0,19 | -0,19 | -0,07 | -0,15 | -0,15 | -0,15 | -0,11 | -0,22
20,04 | -0,07 | -0,11 | -0,15 | -0,11 | -0,11 | -0,22 | -0,19 | -0,07 | -0,15 | -0,15 | 0,15 | -0,11 | -0,22
0,07 | -0,11 | -0,15 | -0,15 | -0,15 | -0,15 | -0,30 | -0,19 | 0,11 | -0,11 | -0,15 | 0,15 | -0,07 | -0,19
20,07 | -0,15 | 0,22 | -033 | -0,37 | -0,33 | -0,48 | -0,33 | -0,30 | -0,30 | 0,30 | -0,15 | -0,07 | -0,15
Table 5. The values of the aerodynamic coefficients Cw at a wind flow direction of 90°
0,03 |0,07 |0,14 |0,17 |0,21 |0,21 |0,28 |0,31 |0,28 | 0,28 |0,34 |0,38 |0,34 |0,31
0,03 | 0,07 (0,14 |0,17 |0,07 |0,17 |0,24 |0,24 |0,24 |0,24 |0,24 |0,24 | 0,24 | 0,28
0,07 | 0,07 | 0,10 |0,10 |O0,14 |0,14 |0,24 |0,17 | 0,21 |0,21 |0,21 |0,21 |0,21 |0,24
0,07 |0,03 (0,07 |0,10 |0,14 |0,14 |0,21 |0,17 |0,21 {0,017 |0,17 | 0,17 |0,17 | 0,21
0,07 |0,07 (0,07 |0,10 |0,14 |0,14 |0,21 |0,14 |0,17 |0,17 |0,17 | 0,17 |0,17 | 0,21
0,10 | 0,10 | 0,14 | 0,14 | 0,14 | 0,14 |0,21 |0,04 |0,17 | 0,17 | 0,07 |0,17 |0,14 |0,17
0,14 | 0,14 (0,24 |0,34 (031 |031 041 |0,28 |0,28 |0,17 |0,17 |0,14 |0,14 | 0,17
0,14 | 0,21 |045 0,59 |0,62 (052 |0,69 |0,62 |05 |048 |041 |028 |0,14 |0,14
0,17 10,24 1045 |0,66 |0,69 |0,66 |0,72 |0,69 |0,69 |09 |093 |0,79 |0,62 |0,24
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Figure 2. The values of the self-organization parameter of the distribution of aerodynamic coeffi-
cients for a hangar building for the maintenance of two aircraft at different directions of wind load
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Figure 3. Distribution of the self-organization parameter over the hangar surface for two directions
of the wind flow: a — 90 degrees (frontal direction); b — 0 degrees (longitudinal direction)

If we consider self-organization as a process,
the essence of which is the formation of a set of
actions leading to the creation of a stable system
response, then, as follows from Figures 2, 3, the
interaction of the wind flow with the object of
study is complex. This interaction is greatest at
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angles of 30 and 60 degrees, and the least at the
longitudinal direction of the wind flow. With
the frontal direction of the wind flow, the pro-
cess of interaction between the wind flow and
the structure is maximal along the ends of the
central part (Fig. 3a).
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4. CONCLUSIONS

Our research has shown that a dimensionless
informational and statistical indicator makes it
possible from a unified standpoint to assess the
states that differ from each other in terms of ex-
ternal signs, processes and their dynamics. The
integral indicator can be used to rank the effi-
ciency of operating systems and can be useful in
assessing the state of the processes of dynamic
interaction of the operating pressure and objects
and structures of various shapes and purposes.
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