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THERMAL DEFORMATION, COMPLEX BENDING AND STRETCHING OF
LITHOSPHERIC PLATE IN TECTONIC FORCE FIELD
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Plate tectonics implies the rigidity of near-surface Earth rocks and their elastic behavior at
geological scales of time. The plates are subjected to tectonic and thermogradient forces resulting in
their bending, stretching and thermal deformation. The article considers the new setting of the
problem of complex bending and stretching of the axisymmetric lithospheric plate of variable
thickness caused by both force effects and uneven heating. The mathematically considered problem is
reduced to a differential equation with variable coefficients, the analytical solution of which was first
possible to obtain by the method of partial sampling.
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Teonozuanvix yakeim macuimaodvinoa Kep demine yHcaKvlH HCbIHBICHAPLIHBIY KANMbLALIZbIH
JHCOHe O0napovlH cepnimoi Kacuemin naumanap mexkmonHuka o0indipedi. TeKmoOHUKANBIK HcIHe
mepmozpaouenm Kyutmepoin acepinen Naumanapowvly Uiy, Co3bLiyed HeaHe HCLLTY Oehopmayuscol
Kabinemmizi apmaosl. Makanaoa Kyui acepineH, COHOAli-aK, OIPKeIKi emec Kbl30blpyoaH Kypoesui uiny
JHCOHE CO3bLTY KATbIHOBIZbL AUHBIMAILL 0CbCUMMEMPUANBIK TUMOCHEPA NAUMACLIHA HCaHa MIHOem-
mep Ko Kapacmolpovlizan. Kapacmelpsiivin omsipean ecen MameMamuKaiblK mypoe aiiHbiManbl
KoI(ppuyuenmmix ougppepenyuandvix menoeyze akeneodi, OHvIH AHATUMUKALLIK WEWIMI A12AUIKbL
pem iwinapa ouckpemmey a0icimern maovliool.

Herizri ce3aep: suTochepaiblK IUIMTA, KYpAeJdi Hily, CO3bLLY, KOJIIeHeH KYII, TeMIlepary-
PaJIbIK 6pic.
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Texmonuka naum noopazymegaem HcecmKoCny RPUNOEEPXHOCIMHBIX NOPOO 3eMAU U UX YRPy-
20e nogedenue ¢ zeonozuueckux macuimaoax epemenu. Ilnumer ucnvimoleaiom 6o3oeiicmeue mexkmo-
HUYECKUX U MepMoZPadueHmuvlX Cul, npueooauiee K ux u3zudy, pacmaxiceHuIo u menioeoi oegop-
mayuu. B cmamve paccmompena nHo6asa nocmanogka 3a0auu 0 CAOHCHOM U32UOE U PACMANCEHUU
ocecumMMempudHol 1UmMoceproil naumsl NeEpemMeHHOol MoJIuUuHbl, 00YC/106/1CHHOM KAK CUL06bIMU
6030eiicmeuamu, maxK u HepasHomepHvim Hazpesom. Mamemamuuecku paccmampueaemas 3adaua
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ceooumca K oughghepenyuanvoHomy ypasHeHuIo ¢ nepemMeHbIMu Koighguyuenmamu, anarumuieckoe
Ppeutenue Komopoit enepevle yoanocy ROJIYYUMb MEMOOOM YACHUYHOU OUCKPEeMU3AY UL,

KiioueBble ciioBa: .TII/ITOC(l)epHaﬂ IJIMTa, CJI0KHBIH H3FI/I6, PACTHKECHHE, NMONIEPEYHbIE CUJIbI,

TeMIepaTypHoe mo.ie.

Introduction

The plate tectonics model implies the
stiffness of near-surface rocks and their elastic
behavior at geological scales of time. The plates
are subjected to tectonic and thermogradient
forces resulting in their bending, stretching and
thermal deformation. Thin resilient surface plates
form a lithosphere which floats on the underlying
relative liquid mantle. The plates experience
various loads, such as the weight of volcanoes
and seamounts, so that they bend. For the study
of such geological phenomena, the theory of
bending of plates under the influence of applied
forces and moments of forces is applicable. With
this theory it is also possible to explain the

occurrence of series of folds in mountain belts,
as the formation of folds can be seen as
deformations of elastic plates under the action of
horizontal compressive forces. The theory of
plate bending is used to simulate formation
blasting over magmatic intrusions [1-3].

Objects and research methods

The problem of joint bending and stretching
of non-uniform non-composite plate of variable
thickness in non-uniform temperature field is
considered. Partial sampling is used to find an
analytical solution to the problem [4]. The basic
differential equations of quasi-static equilibrium are
reduced to the next second-order differential
equation with respect to angular displacement
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where ¥V = P angular movement, Xr ZFEOA‘?‘T ,Ag; = const (3)
W — deflection, Dm — cylindrical rigidity of a In addition, let the plate of variable

bend, V — Poisson's coefficient, r — position of
midplane point before its deformation, ¥+ -
thermal deformation due to non-uniform heating,

.- — intensity of cross forces.
An edge task is set when a circular plate of
variable thickness with a rigidly embedded inner

contour " = 13 is loaded along its outer contour

I = 1. Boundary conditions will take the form
Mr(rzj = D ’

9(r) =0. (2)

Let the plate be subjected to uneven

heating. In the case of linear heat propagation

o; T in the thickness of the plate the thermal
deformation is approximated in the form of

9=B +A e dr+ (e ([[n(r) +<(r) + ok " “dr)dr
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thickness rigidly embedded on the inner office
I =1, be loaded uniformly distributed along the

surface by transverse forces of intensity ¢, and

along the contour r =r, by transverse force Q

k .
q, = _Zoquj,qj =const (4
=
Then the general solution of equation (1)

under an arbitrary law of change in plate
thickness will be
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where
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The cylindrical bending stiffness is fo

Using the boundary conditions (2) we get
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Bending moments will have expressions
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Results and their discussion

The application of the partial sampling
method has made it possible to solve the problem
for any law of changing mechanical characteristics.
On the basis of the found solution and numerical
analysis for stress-deformed state of the
lithospheric plate under the action of the normal

fo

Nl - W )

stretching  effort and  transverse  forces
symmetrically distributed in the middle plane, as
well as a result of temperature heating, patterns of
change of radial bending moments and
circumferential bending moments are found, which
are shown in the form of graphs in Figures 1.

Mg
M
0,1*10 4 01
0,05*10 0,05
—
| | |
0,1 0,2 0,3 0,4 rir,
Figure 1 - Circumferential bending moments M,g at joint bending and stretching of non-uniform plate of variable
thickness.
Conclusion To solve the nonlinear differential
New model of stress-strain state of equation with non-uniform bending coefficients

axisymmetric lithospheric plate of exponential
profile in non-uniform temperature field and
under action of normal stretching effort and
transverse forces symmetrically distributed in the
middle plane is proposed.

72

of the lithospheric plate, the partial sampling
method was applied for the first time.

Obtained regularities of change of radial
bending moments and circumferential bending
moments under action of normal stretching effort
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Maxanaoa 6ananapza apHaI2an CROPMmoulK KUiMoepoe KoJ10GHbLIAMbIH MPUKOMANC MAMAIA-
PbIHBIH Kacuemmepi Kapacmulpolizai. ZKympicma mpukomasic Heaiimaniapsluplly no3y2a me3imoisix,
aya emkKizziuimiK jHcone co3bliy Kacuemmepin 3epmmey YColHbL10bl. Mexanukanvlk Kacuemmepoi
3epmmey bananap cnopmmolK KUIMIHIH accopmumenmin a3ipney ywin kKaxcem ''pymep' mpuxo-
masic Mamacvln manoayza MymKiHoiK 6epoi.
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cnopmuenoii ooexcoe. Ilpedcmaesneno uccinedosanue ceolucme mpuKOmMad3cHo20 NONOMHA HA UCHU-
Ppanue, 6030yxonpornuyaemocms u pacmaxcumocms. Hcenedosanue mexanuieckux coiicme no3eo-
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