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Mechanical properties and damage constitutive model of mud shale under

different drilling fluids immersion
GENG Diandong', QI Xianyin'? FU Peng', WANG Shengwei', KE Ting'

(1. Research Center of Geomechanics and Geotechnical Engineering, Yangize University, Jingzhou 434023, China; 2. State Key Laboratory of Geomechanics
and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: In the process of shale oil and gas drilling, the long-term erosion and weakening of drilling fluids promotes the extension and
expansion of micro-fractures on mud shale, which leads to the reduction of rock mass strength and seriously threatens the stability of bore-
hole wall. In order to explore the mechanical properties and damage evolution rules of mud shale under different drilling fluids immersion,
Firstly, the mineral composition and structure of shale were analyzed by X-ray diffraction and environmental scanning electron micro-
scopy. Then, uniaxial compression tests were carried out under different immersion systems and different immersion times, and the vari-
ation mechanism of mechanical parameters such as peak strength, elastic modulus and Poisson's ratio of shale under the weakening of
drilling fluids were studied. Finally, based on the strain equivalence principle and Weibull statistical distribution theory, the damage con-
stitutive model of rock under drilling fluids immersion and uniaxial loading was established. The results showed that the main body of mud
shale has high content of clay minerals, abundant brittle minerals and dense distribution of micro-fractures. the elastic modulus of shale
varied with the immersion environment and the increase of immersion time. Compared with the rock samples immersed in oil-based
drilling fluid, the weakening effect of water-based drilling fluid soaking on its strength and elastic modulus is more obvious; by fitting the

change trend of the mechanical parameters of shale under the weakening effect of different drilling fluids, the prediction model of elastic
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modulus of rock samples soaked in water-based drilling fluid and oil-based drilling fluid with respect to soaking time was proposed; For the

mud shale under the weakening of drilling fluid, a uniaxial loading rock damage constitutive model considering the effect of pore compres-

sion stage is introduced. The evolution rules revealed the weakening damage mechanism of shale under different drilling fluids immersion.

Key words: drilling fluids; mud shale; mechanical properties; damage evolution; constitutive model
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Fig.11 Strain-damage curves of mud shale under different

drilling fluids immersion
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Table 2 Experimental data and model parameters of rock samples under different drilling fluids immersion

Wiz R P . REZR
o, /MPa e /10 o, /MPa &, /10 m, F, m, F,

7 0 13.52 0.130 42.73 0.252 1.287 0.002 28 8.097 0.001 58
JKHE 8 14.66 0.155 29.28 0.253 1.318 0.001 52 2.301 0.001 41
IKHE 16 13.09 0.165 24.18 0.259 1.305 0.002 76 1.924 0.001 32
Ik 24 8.61 0.185 18.58 0.276 1.146 0.005 85 1.684 0.001 24
bliiE 8 16.59 0.175 38.03 0.273 1.274 0.003 19 6.577 0.001 31
3 16 15.35 0.165 29.36 0.254 1.318 0.002 67 2.755 0.001 29
h3E 24 12.62 0.180 23.11 0.263 1.252 0.003 51 2.198 0.001 19
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Fig.12  Stress-strain curves of experimental and simulated res-

ults under different drilling fluids immersion
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