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Finite element inverse analysis of boundary load for tectonic stress field
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Abstract: Tectonic stress analysis is particular important in the course of petroleum exploration and development. The geological
structure complexity, its boundary problem, the loading paths, etc. are difficult problems in the numerical simulation of tectonic stress
field; and the field stress data is very limited. Because of the unknown tectonic movement and complicated geological structure,
tectonic stress field cannot be calculated immediately. The boundary load inversion is a particular important means for tectonic stress
field analysis. Starting from the fundamental equations of elastic mechanics, the inverse problem of tectonic stress field of oil-gas
reservoirs is proposed. Based on the least square method, a method is presented to identify and calculate inversely the boundary load
on the geological model by the stresses in the geological model. The finite element method and the finite difference method are
combined to apply the method that chooses the boundary loads as fitting parameters in the objective function. The calculated results
are in good agreement with the in-situ measured data. This method has excellent practical value and can provide references to the
back analysis of tectonic stress field. This method and model can get over the shortage of common back analysis method such as
adjusting boundary loads and regression method; so it can calculate exactly the tectonic stress field by back analysis. The results show
that the method is simple, credible and has high precision and rapid calculation velocity. Therefore, it may find its uses in the
boundary load inversion of tectonic stress field. This method can provide references to petroleum exploration and production.
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Fig.1 Flow diagram of finite element inversion
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Table 1 The comparison between inverted results and
theoretic results of tested nodes
; SAHE A WRZEIT
Wi MR
/MPa / MPa /%
o, -14.436 -14.182 1.791
41-22 o, -9.812 -9.565 2.582
4.731 4.934 4.114
o, -15.151 -14.878 1.835
41-23 o, -10.047 -9.698 3.599
T, 4.883 5.047 3.249
o, -15.628 -15.466 1.047
41-18 o, -10.546 -10.052 4914
5.138 4.994 2.883
o, -15.742 -15.557 1.189
41-35 o, -10.175 -9.810 3.721
T, 4.683 4.630 1.145
o, -15.678 -15.498 1.161
41-36 o, -10.604 -10.132 4.659
5.180 5.071 2.149
o, -15.501 -15.391 0.715
41-37 o, -10.369 -9.847 5.301
5.128 4.889 4.889
o, -15.401 -15.111 1.919
41-38 o, -10.194 -9.749 4.565
T, 4.960 5.078 2.323
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Table 2 Inverting the driving forces on the boundaries of

block by stress data
. SAHA SEPAE RIS
Uiyl
/MPa /MPa /%
Py 10.485 10 4.850
P, 10.485 10 4.850
P 14.874 15 0.840
Py 14.874 15 0.840
Ps 5.183 5 3.660
Ps 5.183 5 3.660
P, 5.183 5 3.660
Py 5.183 5 3.660
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Table 3 The comparison between inverted results and
observed results of tested nodes

. S SEIME WRZEHT
Sl AR
WA NS5y i /MPa /MPa %
o, -64.425 -64.055 0.578
41-22 o, -54.380 -52.545 3.492
T, ~7.242 -6.919 4.668
o, -65.337 -64.585 1.164
41-23 o, -53.410 -51.515 3.679
T, -6.219 -6.826 8.892
o, -65.150 -65.969 1.241
41-18 o, -52.801 -52.231 1.091
T, -5.376 -5.816 7.565
o, -67.933 -68.330 0.581
41-35 o, -51.634 -55.270 6.579
T, -5.409 -4.846 11.619
o, -65.788 -66.296 0.766
41-36 o, -52.627 -52.304 0.618
T, -4.518 -4.081 10.708
o, -65.296 -64.393 1.402
41-37 o, -53.045 -53.606 1.047
T, -5.185 -5.634 7.969
o, -65.476 -65.968 0.746
41-38 o, -53.263 -54.031 1.421
T, -5.452 -4.905 11.152
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Table 4 The optimum results of boundary loads
(MPa)
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