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AXISYMMETRIC BEND OF THE LITHOSPHERIC PLATE OF THE EXPONENTIAL
PROFILE

A.A. BAIMUKHAMETOV?, A A. KULTASOVY, P.B. ABDIMANAPOVA!, ZH.B. MAZHIT?

(*Almaty Technological University, Almaty, Kazakhstan)
E-mail: abayab@mail.ru

Earth 's seismic and volcanic activity is related to plate tectonics. Thin elastic surface plates
form a lithosphere which experience different loads. The article considers a new model of the stress-
strain state of the axisymmetric lithospheric plate of exponential profile in a non-uniform temperature
field and under the influence of transverse forces. Novelty of solution of this problem lies in study by
method of partial sampling of nonlinear differential equation with non-uniform coefficients when the
lithospheric plate is bent. There are obtained regularities of change of radial force and bending
moments under action of radial uniformly distributed load and volumetric centrifugal forces, as well
as a result of temperature heating. A graphic analysis indicates the non-linear nature of their
distribution, which significantly affects the shape of a curved plate.

Key words: transverse forces, temperature field, lithospheric plate, exponential profile,

axisymmetric bend.
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IKCIHHOHEHIUAJIABI MPOP®PUJIBAI JINTOCPEPAJIBIK IIJINTAHBIH
OCBCUMMETPHUAJIBIK ULJTYI

A.A. BAUMYXAMETOBY, A.A. KVYJITACOB?, I1.5. ABJJUMAHAIIOBA®, JK.5. MAJKUT*

(*AstMAaTBI TEXHOIOTHSIBIK YHHBEPCHTET, AmMathl, Kazakcran)
E-mail: abayab@mail.ru

Kepoin Ceilcmukanvlk dcoHe @YIKAHUKANBIK 0€lCeHOINNiZi naumanap meKmoHUKACbIMEH
oaitnanvicmol. Kyka cepnimoi sncep ycmi naumanap aumocgepanvl Kypaiiovl, onapza ap mypii
Jocykmemenep acep emedi. Makanaoa KenoeHeH Kyuimep MeH MeEMREPAmypanvlK opic acepineH
IKCHOHEHUUAIObl NPOPUABLOI TUMOCHePaAnblK NAUMAHBIH KepHEYai-0edhopmayuananzan KyuiHin
Jcana mooeni Kapacmuipvliaovl. Amanmeiit Minoemmi wiewiyoiy, JHCAHANbIZLL - JTUMOCHEPAnbIK
nauma uiny Kezinoezi 0ip mexkmi emec KodIhpuyuenmmepimen coi3blKmulK emec OugghepeHyuanoviK
menoeyoi iwinapa ouckpemmey aodicimen 3epmmey. Paouanovl Gipxanvinmol 0eninzeH dycykmeme
MeH KOJlIeMOIK OpmaoanH menkiui Kywimep acepiHeH, COHOAU-aK MmeMnepamypanvlk Kul30blpy
HamudIcecinoe paouanovl Kywimep MeH Uinyuwii mMomMeHmmep 032epy 3aHObUIbIKMApPbl ANbIHRAH.
Kypeizineen cpagukanvik manoay oaapovlH mapaayblHblH 0elicbl3blKmblK eKeHiH Kopcemeoi, o
uinzen NIUMAHbBIY KAJINbIHA eeyili acepin muzizeoi.

Herisri ce3iep: keJijieHeH Ky, TeMIIepaTypaibIK opic, JuTocdepanblK MINTA, JKCIOHEH -
HHATIBIK TPo¢HIb, 0CbCHMMETPHSIBIK HLTY.

OCECUMMETPUYHBIN U3TUB JUTOCOEPHOM IIJIUTHI
IKCIIOHEHIIMAJIBHOI'O ITPODUJISA

A.A. BAUMYXAMETOB, A.A. KVJITACOB®, I1.5. ABJJUMAHAIIOBA®, )K.5. MAJKUT"

(*AnmaTHHCKHIE TeXHOJIOrHYeCKHUi yHuBepeuTeT, AiMathl, Kazaxcran)
E-mail: abayab@mail.ru

Celicmuueckas u y1KAHUYeCKAs AKMUGHOCMb 3eMau cea3ana ¢ mekmoHnukou naum. Toukue
ynpyzue no8epXHOCHHble NAUmMbL 00pazylom aumocgepy, Komopwie ucnvimviéaom oelicmeue pas-
HO20 poda nazpy3ox. B cmamse paccmompena nogasa mooens HANPAHCEHHO-0epopMUPOBAHHO20 COC-
MOAHUA 0CECUMMEMPUUHON TUMOCHEPHOL NAUMbL IKCHOHEHUUATIbHOZ0 NPOPULA 6 HEOOHOPOOHOM
memnepamypHom none u noo éosdeiicmeuem nonepeunsix cui. Hoseusna pewenusa oannoii 3adauu
cocmoum 8 Uccied08aHul MemoooM YACMUUHOU OUCKDEeMU3AUUU HeUHeln020 oudgdepenyuans-
H020 ypaeHeHUAa ¢ HEOOHOPOOHbIMU KoIppuuuenmamu uzzuda aumocghepnoit naumeot. Ionyuenst
3AKOHOMEPHOCIU U3MEHEHUA DAOUAIbHOU CUNbl U U3ZUOAIOWUX MOMEHmMO6 noo oOelicmeuem
PAoUAIbHOI PAGHOMEPHO PACHPEOENeHHOI HAZPY3KU U 00DEMHBIX UEHMPOOEHCHBIX CUl, d MaKyce 6
pe3yniomame memnepamypHozo Hazpeea. IIpoeedenmniii zpaghuueckuil amanus ykasvleaem HaA
HelUHelnbll XapaKmep Ux pAacnpeoeneHus, 4mo CyuieCmeeHHO 6iusaem Ha Hopmy u30ZHYmoii
naumel.

KiroueBble ciioBa: nonepeyHble CUJIbI, TeMIIePATYpPHOe M0J1e, JUTOC(EepHAsh NJIUTA, IKCIO-
HEHUHMAJbHBINA MPoQuIb, 0CECUMMETPUYHBII U3rud.

Introduction of bending of plates under the influence of applied

The plate tectonics model implies the forces and moments of forces is applicable. With
stiffness of near-surface rocks and their elastic this theory it is also possible to explain the
behavior at geological scales of time. Thin resilient occurrence of series of folds in mountain belts, as
surface plates form a lithosphere which floats on the formation of folds can be seen as deformations
the underlying relative liquid mantle. The plates of elastic plates under the action of horizontal
experience various loads, such as the weight of compressive forces. The theory of plate bending is
volcanoes and seamounts, so that they bend. For used to simulate formation blasting over magmatic
the study of such geological phenomena, the theory intrusions [1-3].
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Objects and research methods

Consider axisymmetric bending of non-uni-
form elastic lithospheric plate of variable thickness
of exponential profile in non-uniform temperature

1 dD

field by partial sampling method [4]. The basic
differential equations of quasi-static equilibrium are
reduced to the next second-order differential
equation with respect to angular displacement

rD

dw
where ¥ = — 3, - angular movement, W
T

— deflection, Dw — cylindrical rigidity of a 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
1 = T5. Boundary conditions will take the form

M]"(rzj = {] L]
() =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

d?¢g (1 "
e
dr r D, dr

(_[ q,rdr —c) -

d8+ v dD,, _iz 9.
dr rD,, dr r
1)

1+v d

g A7Pu) =0,

M

13 -
s :EZAger 3)
j=0

In addition, let the plate of variable
thickness rigidly embedded on the inner office

I =r, be loaded uniformly distributed along the
surface by transverse forces of intensity q, and

along the contour r =r, by transverse force

d,=>,q;r', 9, =0,

j=0
0,=0,=0s...= 0,C= Qro +015%r02 . (4)
Then the general solution of equation (1)

under an arbitrary law of change in plate
thickness will be

9=B+ Ajejé(r)drdr +

[ erar —[E(ryar (5)
+Je o (I[ﬂ(r)+€(r)+<p(r)]e e dr)dr
where
o) = Z{ D (1) 8(0a) 5 .y Dua () S(1) 5(r_rk)}
rk—l ON rk-¢—1
1 1 (6)
3 ot ot ot e )|
k k
1,1 dby __l+vd rdr-C
0= p gt ol =-T D,y s =—p-(farr=0). @)
Arbitrary coefficients A and B are general solution of equation (1) for the adopted

determined by boundary conditions (2).
By taking into account the first three
members in (3) and the first member in (4), the

plate stiffness law will take the form
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2 3 4 5 2
9=B+Apfh_+L, T T T T L @A+
L I, 4ry 18ry 96r, 600r h,

_r 2 3 4
A R ] LI =+ ' .. + 0| 330
L 2) 4 r, 3r, 36ry; 486r I

2 3 et
(LA 2+r—3+... =3, (v, i Pl i) ¢ e H(r—r)-
r, 3r, 36r; 486r, Dow o

Dy (1) (1) % e ’
n u () 9(r) “H(r ]JFZH j rklr';—e "H(r-r,)- (8)

DOI\/I f 0

{forecnl) el ) 5

r 2 2 2 L I
d_ngLero+ﬂe3f{(g+él+r_},gl+[L+§Jﬁ}+ﬂe%+%ero_

dr r hr 2 21, 1} r, 2)r | 3D D,
I {VZ{In D (1) 80) %'y )i D) 0 ey (©)
0 oM rO OM rO
1 Moy o 1 -
z . '9(rk 1)r_e (r_rk—l)_ r l9("k)e H(r_rk)
k 0 k
At that, from boundary condition (2) we get expressions for arbitrary constant
2
4=—-01713%% 0 217450 _185502% _3034%0 . A,
0 0 hO hO
re Qr,’ r I’
B= —O,596q°—0 —2,0235=2--3,2633-> Ag, —5,07757 -2 - Ag, .
DO DO hO hO

Bending moments defined by the following ratios

dg v
M, =D,|—+-9-(
(10)

d$ 1
M, =D, {VEWQ (1+v)4

will take a form

63



AJMAaThI TeXHOJOTUSIJIBIK YHUBepcuTeTiHiH xabapmbicsl. 2020. Ne2,

n 2 3r
Mr:DM{—O,ﬂlSqE) _0,41745 %0 1,8552%—3.034;—0-A51]Ler°+(l+v)r e 0
0

0 0 0

2 r r
g+§L+r Ae, + ' +§ 25 q° e 4 =0gn _Lon
2 2r, 1 r, 2)r, 3D D, I

H.D_HM 1.0 ) 0)g :H(r_rk)}

DOM rO OM r.0

z[ﬂsa“)f;—; “HlenoH{ - j<>erkH<r—rk>]}—

Goly Qr, r,’
-0,596——-2,0235— -3, 2633— Ag, —5,07757 2 Ag |+
T DO D h h

0 0 0

2
i [— 01713%"0 _ 041745 20 _1 552 2% h 3 034h— Ale

0 DO 0 0

rr r> r® r re L+v)r?
n—+—+—+——+—"+ ot [
r,h r, 4r, 18r; 96r, 600r, h,

a(ar 9y 9f . r r r? re
dgjje |3 ——— |+~ Ih—+_—+——+ s+ ||t
r, 2) 4 r, 3r, 36r, 486r,
4
A - 2 3
e A L 2+r—3+... -
[ 2\ r, 3r, 36r, 486r,

(r){vi{ln u (1 )Me O H(r-r.,)-

oM rO

~In DM—(rk)me_%H (r—r, )} + Z[(%jS(fk-l)r:_e 0 H(r-r_,)-

DOM I’O 0

1 e - ro(rY r2 - 1
—(—EJS(rk)e oH(r_rk)}goTzeo[uza_(ﬂ ]+QD—Oe°J——(1+V)E(AgO+Agor)}

r 2
M =D —0,1713q° 0417450 185508 3034 T pg | Fen 4 AV a
oM D D h h =~

0 0 0 0 rO h0 r

2 r
g-}'EL-}-r Ae, + L+§ 25 +q0r0 er"+QO ro—LerO
2 21 1 L 2)1 3D, D, A
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2
[ _0506%% 20235 _32633 As, ~5,07757 2 A, |+
r D, D, h, h,
Qolo Qr, f'o
4{—0,1713 -0,41745=— 18552 -3.034= AglJ
0 0 0 hO
ror o2 r* r re (1+v)r2
N—+—+—+—5+—F+ Tt |+
r, r, 4r, 18r; 96r, 600r, h,
_r 2 3 4
Ag,| e 3r°[3i—gJ+g(ln L+L+r—2+—3+..} + 20| ge3 9
r, 2) 4 r, 3r, 36r, 486r, r 2
2 3 M
In L_,_L_r_z I’_3 ) —J,(r)dvy] In 2l Dy (1) '9(rk 1) ) H(r_rk—l)_
r, 3r, 36r; 486r, om r
Dw (rk ) 4(r) T = -
°H + h)—e °"H(r-r_)-
Wl 20 e (e n) | ) e H ()

T 3
—{—ljs(rk)e "H(r-r, )}+Me“
rk 0
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
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QrZ r
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of the lithospheric plate under the action of radial
uniformly distributed load and volumetric
centrifugal forces, as well as a result of
temperature heating, patterns of change of radial
force and bending moments are found, which are
shown in the form of graphs in Figures 1-2.

r

|
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|
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0,7 08 09 1 r
0

Figure 1 - Regularity of radial force N distribution under action of longitudinal radial intensity (|, force
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Figure 2 - Law of change of radial force Nr of the plate subjected to temperature heating

Conclusion

New model of stress-strain state of
axisymmetric lithospheric plate of exponential
profile in non-uniform temperature field and
under action of transverse forces is proposed.

To solve the nonlinear differential
equation with non-uniform bending coefficients
of the lithospheric plate, the partial sampling
method was applied for the first time.

Obtained regularities of change of radial
force and bending moments under action of radial
uniformly distributed load and volumetric centri-
fugal forces, and also as a result of temperature
heating characterize stressed-deformed state of
plate. Graphical analysis indicates the nonlinear
nature of their distribution.
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