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On horizontal directional drilling wall stability
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Abstract Based on the concept of porous media, a dynamic evolution model between porosity, permeability coefficient and damage
variable volumetric strain is established. The strength reduction factor conversion relationship between the Mohr—Coulomb criterion
and Drucker—Prager criterion is given. Based on the Abaqus platform, the dynamic evolution model combined with the finite element
strength reduction coefficient method is used to investigate the horizontal directional drilling wall stability. Engineering case
calculations show that using different yield criteria may result in different safety factors. However, under certain conditions, they can
be equivalent, or the numerical results are consistent with the theoretical analysis. Different effects of pressure on the slurry stability
of the hole wall are studied, and it is found that under certain mud pressure, the safety factor continuously decreases with the increase
of the mud pressure. At the end of expanding, the mud pressure is 2.4 MPa, the biggest plastic radius is 2.34 m and the maximum
plastic strain reaches 0.393 at the hole—wall. In the limit equilibrium state, when the mud pressure is 2.4 MPa, the maximum plastic
strain increases to 1.208 around the hole—=wall, which is greater than the maximum strain value of expanding. The radius of plastic
reaches 5.68 m, which is about 15 times the aperture.

Keywords horizontal directional drilling; hole wall stability; flow=solid coupling; strength reduction
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Table 2 Effects of pressure on the mud hole wall
stability (DP3)

PR IESIMPa 2D HELFE 3D ELFRE A Xof iR
1.5 5.068 6.107 1.039
1.6 3.781 4.477 0.696
1.7 3.028 3.609 0.581
1.8 2.461 2.935 0.474
1.9 2.106 2.453 0.347
2.0 1.815 2.144 0.329
2.1 1.601 1.873 0.272
22 1.446 1.699 0.253
2.3 1.282 1.53 0.248
2.4 1.172 1.407 0.235
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Table 3 Hole wall under different mud pressure maximum
plastic strains and plastic radii

i AN LA e PRARZS
TIMPa SRPERAS  SAPEEARMm BV B /m
L5 0 0 0.467 3.98
1.6 0.004 0.03 0.584 4.35
1.7 0.012 0.26 0.680 4.76
1.8 0.026 0.41 0.774 5.03
1.9 0.052 0.72 0.842 5.24
2.0 0.081 0.94 0.909 5.38
2.1 0.128 1.21 1.077 5.49
2.2 0.188 1.58 1.104 5.54
23 0.270 1.91 1.262 5.62
2.4 0.393 2.34 1.208 5.71
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