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Ahstract
Applying the mathematically precise solfution of the beundary salue problem of elasticity theery Tora
layer [1.2], formulue for determining stressus and displacements of eallisisn 2eme of Arubisn and Eoroassan
plistes applying GPS dals and considering possihie the application of the ave e muilel of region in the
frame of clasticlty theory are decived. Gruphics for displacement vector ank it Tl snalysis of stress-
struin state i develuped,

Foey winedss Arabim phite. Seasiotecionies, TGS Observation
Introduction

Ii is known (hat the armenian mountainous srea and the Caucasian region are sitwaied
belween considered immovable Eurcasian and slowly moving to the nerih (norh-west)
Arabian plates. In the collision zone during the time big stresses which bripg 1o
carthquakes, are accumulated. These phenomena atiract the atlention of the sclemisis-
seismologists, geophysicists and mechanics, In paper [3] review of modern approaches,
qualitative and quantitative analyses of collision zone srate is brought. At the same time,
using GPS (the Global Positioning System) dita by the method of finile element o plane
problem of elasticity theory for mathematical simulation of stress-strain slate of collision
sone taking it for an isotropic plate, is numnerically sofved.

In ihe present paper, applying mathematically precise boundary value problems of
clasticity theory for a layer [1.2], siress-sirain stale of the collision 2one is determined,
taking into account that its facial surlace is free from loads and in GPS bench-mark poinis
displace ments vector COMPOnents are given,
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The statement of the problem of elasticity theory and its precise mathematical
solution,
Let us have a homogeneous isotropic plate with the width 'k DCCUPYINE a0 fArea
Q={x,yz:0<0,y<L02z<h he< £ {fig. 1),
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(axis ' is directed along the earth parallel, axis Y isin the direction of north and axis =

is direuted along the radius into the dipth of the carth).
On the carth surface 2 = 0 stresses are absent

oA pM=0 j=xyz {1}

and in the depth & (the opposite surface of the plate-tayer) the displacements which are
represeated by the polynomials with yet unknown ecellicients are piven
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It is requircd 10 determine the stresses tensor and displacements vector components
inside the plate-laver, which would sutisfy the equations of the three-dimensional problem
of whisticity theary [4,3] (thise eyuations are nol shown) and on the surfaces z = 0 ynd
= = It would satisty the houndary conditians (1) and {2}
The precise mathematical solution of the swted problem unduer any numgerical values
a, by are expressed by recurrent formulue 1.2}, which have the following form for an

isotroplc plate-laver
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lieration process (4)-(14) 1n case of polynomial |oading {2) alter m+1 swp
terminates and reduces 10-a closed (precise) mathematical solution of the staied boundary

value problem for a layer under any numerical values a,.b, .



Determination of stress-strain state of collision sone by GPS data

Taking into account that we have GPS dats in 37 bench-mark poinis in geographical
vourdinales [3], we pass to Cartesian coordinates presuming point #10 as the origin of the
system {Table 1),

Tahle |
[ I GFS Data Catlesiun coordinates
M |GPS bench- 1nng1':u1.lc| latilde U U ——
B [ ' ¥ b | ¥
Mark paint T VAT e km km |
T
| 1 | Earz 43.34 38.55 -5.3 12 | 3354 I83.3
| 2 | GORI 46.37 3951 3.3 9.6 | 8089 | 2900
|3 | BEV 45.14 4091 | 4 74 | 6937 | 4450 |
4 | KRES 44,49 42.45 1.3 28 | 63290 | 6167
3 | MATS 43.75 42.98 L5 03 | 3674 | 6756 |
6 | BEUG 42,79 44.01 016 1 4839 | 790.1
7 | ZELB 41.56 4379 0.5 08 | 3783 | 7635
8 | AKTO 39.7 30.97 0.5 1.7 | 2098 | 4523
| % | SINC 37.96 38,45 -183 99 | 479 283.4
10 | GAZI 37.57 36.9 8.5 12.3 i 0
[ | K 400,63 37.25 60 | 161 | 2872 | 389
L2 | NICH 44.53 41.83 L1 138 | 6377 | 478
L13 [ ADYI 38.23 31.75 76 [ 134 | 64D | 044
4| KRCD | 30&] 3788 | <76 | 13w | 208 | wse |
B | MLTY | 3822 3846 -12 0.9 1 6.1 | 1733 |
6 | KMAN 310 30.0] 194 0.1 1570 1 5011
[17 | MERC 40.25 39,73 27 49 | 2558 | 3145
[ I8 | KRKT TR B RE 31 144 | 3930 [ 2050
L9 | PATN 12,91 39,24 2235 87 | 4959 [ 2600
(20 | ARGI 1303 | 212 1.2 167 | 5067 | 3l3s
B ERZU 4.3 | wer | g | o3 a5 A4l
22 ISPl 081 | 4p44 0.2 25 | 3p7s | ae3d
23 | OLTU $1.44 40 55 2.3 43 | 4132 | 905
2 | HOPA 41,34 4137 -0.1 26 | 3562 | 4067
25 | KARS 13.17 40,62 0.7 52 | Sisd 421
| 26 ARTI 4545 dihil 2.3 T2 SHE 3 4112
[ 27 | mMMOK .11 | 4018 23 A E T
25 | NSsP 445 40.23 36 81 | 6382 | 300
20 | GARN 44,74 40.15 25 91 | w599 [ 36l.1
30 [ JERM 4566 39,84 4, 0.1 | 7436 | 3267
NINO | 3389 41.54 09 42 | s817 | 5186
32| vAML | 32247 4202 1t 4,1 456.3 3689
33 | SACH 434 42.35 26 48 | 5377 | e0se
32| INGU 206 4272 0.9 27 | 4206 | 6467
35 | BALK 43.35 43.06 2 04 | 5327 | e8ds
i | ULEA 42,19 43.35 1.9 12 ) 4323 716.7
37 | SHAT 42.67 43.74 0.3 L7 | 4737 | 760.1

The bench-mark poines und therr displacements (multiplicd by 107 in dimensionless
couttdinte systemdite shown (Flg, 2),
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Caleulating the siresses lensor components and displacemenis veclor components hy
formulie (4)-(14) under =7, as the number ol the unknown cocllicienis ay by
coineide with the number of GPS dala, we reguire that on daily surface of the collision zone
fi.c. under £ = (}) the displacemenis veclor componcnls U, and U in the bench-mark
points were equal 10 the corresponding values of GP'S data.
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We oblain a system from 36 linear algebraic cquations relatve W unkndwn

coclficients @, B, by the solutivn of which, functions {2} are uniguely delerminged,
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Fig. 3 Fig. 4

Thus, the obtained solution (1) 15) mathematically precisely satisfies the equetions ol
clasticity theory and boundary conditions (1), (2}, and in the bench-mark points the
displacements values U, L7 coincide with the values of GIPS datu  Table 1),

The more the density ol the bench-mark points will be the more precisely the obtained
solution will express the true picture of the stress-strain slate of the collision zone.

As we are not aware of the conditions on the border of the considered done, for great
exactness it is necessary o be restricted by the area inside this sone. |t is proved hy the
authors {4.6], that in this case the elfeet influcnee of the denoled zone thoundary layer) on
the stress-strain state inside plate-layer is negligibly small.

In fig. 3, fig. 4 the 30 plots of the tangential displacenients £/ and 7 in the depth
=== km are hrought.

The full energy of the deformation chesen in the collision zone of the phate with the
sie 0F F003700 10 ken determined by the formula
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E,, =3710%erg =3,7-10"J

Analvtical solution (1131 of the swted problem permits us W conduct other
investigations as well when collaborating with geophysicists and scismologists.

The algorithm of the problem solution developed by the authors permits in the future to
take into account in homogeneity and anisotropy of the collision zone. luyered. the
existence of reonomic layers, relief change of the area (variability A1), and also dependence
uf physical-mechanical constants from the depth of the layer [4,7.8]. We have opportunity
10 lake into account the curvature of the region surface, i.e. to admit the region layer as part
ol the spherical surface [9]. Other the earthquake-hazard regions may be considered too,

In conclusion the suthors kindly express their gratitude 10 prof. 5. Balassanian who
showed the importance of sotution of such probiem.
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