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Experimental study of unloading mechanical behaviour of mudstonein different
geological era
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Abstract: Western Hubei-Eastern Chongqing region is rich in oil and gas resources, and the cap rocks are Jurassic mudstone and
Silurian mudstone from top to bottom. However, this region has been suffered long term uplift and erosion, which may result in cap
rock generating fractures. To investigate mechanical properties of mudstones during geological evolution, three typical tectonic
mudstones deposited in the Jurassic Shaximiao formation, Tongzhuyuan formation and Silurian Longmaixi group, are selected to
conduct triaxial unloading tests under five different confining pressures from 10 to 50 MPa. The results show that the unloading effect
of these three mudstones is enhanced with the increase of unloading confining pressure, and the Jurassic mudstone increases in
unloading deformation, the Silurian mudstone mainly exhibits the lateral expansion along the unloading direction. In comparison with
the stress state of rock failure in the normal triaxial compression test, under unloading condition, the unloading strength of the
mudstone and the internal frictional angle are increased. The mudstone lateral fracture coefficient is negative exponential distribution
and decreases with the increase of the confining pressure. The mudstone with short sedimentary history is more prone to damage
during the uplift and denudation process. The rock fracture pattern is governed by the rock structure and the stress environment. The
mudstone of Shaximiao formation presents a single shear section failure, and the fracture is gentle, while the fractures of the
mudstones of Tongzhuyuan formation and Longmaxi formation transit from a single shear cross section to the conjugate shear with
increasing the confining pressure. The fracture of Tongzhuyuan formation mudstone is smooth, but the fracture of Longmaxi
formation mudstone is jagged.
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Fig.2 Fitted burial history in Western Hubei-Eastern
Chongqging region
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Tablel Mineral compositionsand contents of three kinds of mudstones
/Ma /% /% /% /% /% /%
(J2s) 175.6£2.0 12.34 16.20 57.5 13.78 0.03 0.15
) 199.6£0.6 84.62 13.12 2.26
(Sn) 443.7+1.5 22.57 48.94 13.18 6.16 222 6.92
22
3 MTS815.03
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Table2 Physical and mechanical parametersof three
kinds of mudstones
/(g/em®)  /(m/s) /MPa /MPa  /GPa 0 -
Jog 2.48 2470 10.85 0.37 0.80 0.34 i
Jie 2.57 2793 26.44 1.76 3.87 0.31 4
Si 2.64 3181 55.02 1.90 6.91 0.17 Fig4 Triaxial stresspath of rock samples
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Table3 Failureresultsof triaxial testsunder

unloading conditions

0,=59.10+3.610,

03/ MPa o1/ MPa 03/ MPa o1/ MPa
S11-26 50 170.43 25.98 158.26
S11-20 50 170.92 26.28 159.04
Si-34 40 146.84 15.21 134.13
S1-39 40 147.55 18.27 137.62
Sy-4 30 123.95 10.34 114.10
Si-24 30 125.51 7.48 114.14
Si-5 20 100.86 7.13 94.44
Si-13 20 78.38 1.34 74.56
S11-32 10 77.23 0.05 72.89
Jps-13 50 104.28 34.16 97.44
Jos-15 50 106.85 36.73 104.27
Jos-75 40 83.96 23.13 75.59
Jps-31 40 84.59 28.86 79.02
Jo-32 30 71.94 14.51 64.13
Jo-34 30 71.46 17.77 66.13
Jos9 20 52.68 10.75 45.61
Jo-22 20 53.10 11.98 48.97
Jps-23 10 35.57 4.49 32.96
Jo-24 10 33.30 0.10 30.66
1138 50 117.46 22.77 105.22
1136 50 120.16 25.36 107.84
Ji-12 40 99.63 18.58 90.04
1110 40 101.24 20.13 91.30
Ty 30 81.40 9.51 72.31
J1-6 30 90.28 14.85 82.71
1137 20 64.69 8.65 59.14
J1:-26 20 63.08 597 56.77
1,33 10 43.78 5.58 41.61
J,-24 10 45.97 1.06 42.12
9
3
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Fig.9 Loading-unloading strength of mudstone
specimens under different stress paths
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Table4 Srength parametersunder loading and
unloading conditions
/ MPa /(=)
8.65 16.64
9.66 19.83
11.79 19.29
10.81 29.02
21.07 25.01
21.17 32.23
19%
50% 29%
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