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Abstract The TBM excavation in deep stratum is a process of smooth and quasi-static unloading of high initial
confining pressure. In order to reveal the deformation and failure characteristics of soft rock at deep ground under
the condition of TBM tunnelling triaxial unloading tests on sandy mudstone with different unloading rates were
carried out. The pre-peak stress-strain curves under the condition of smooth and quasi-static unloading of
confining pressure were found close to the ones obtained from the conventional triaxial compression test. At the
yielding stage upon unloading the specimens exhibit damage dilatation  the lateral deformation grows
accelerated resulting in a turning of the volumetric strain from shrinkage into dilatation. After the peak strength

the specimens slide along the fracture surface already formed to display the modest brittle drop of strength once or

twice. Then a linear strain softening stage accompanied by multistage micro fractures occurs on the stress-strain

2013—09—26 2014—07—16
(973)  (2014CB046904) (41130742) (KZZD—EW—05)
(1987—) 2008
TBM E-mail huangxing220808@163.com

DOl 10.13722/j.cnki.jrme.2015.01.009



34 1 TBM 7T~

curve with a line segment of a small slope as the confining pressure is continuously and slowly unloaded. The
complete deformation process of unloading is composed of the elastic deformation the damage dilation the
post-peak brittle drop the linear strain softening and the residual stress period. The specimens display composite
shear-tension failure macroscopically accompanied with axial splitting cracks during the process of smooth
unloading. Many split cracks link and cross each other to form a shear band of a certain width. The rock in the
shear band is squeezed and wears into the fine particles and the powder as a result of the interaction of axial
extrusion and the shear stress along the shear plane.

Key words rock mechanics deep soft ground TBM mechanical excavation smooth quasi-static unloading
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Table 1 Test results from conventional triaxial compression of
sandy mudstone
31
( 1 ) os/ Oin/ &/ Em/ Em/ E/
MPa  MPa 10 3 10 3 10 3 GPa M
MTS 0 28.76 6.39 3.48 0.574 4 5.480 0.395
815.03 ( 5) 10 68.75 12.47 4.99 24900 6.343  0.281
20 93.15 15.12 5.27 4.576 0 5477 0.294
848 m ( 6) 1020 m 30 120.39 17.69 8.27 1.1500 5.507 0379
_ 40 151.23 21.95 10.91 0.1300 6.757 0.358
7 1 50 184.17 17.77 7.60 2.5700 9.695 0.249
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o/MPa /MPa o; MPa 9 13
10 61.648 37
20 87.027 52
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Table 3 Experimental results of triaxial unloading of confining pressure
/ / /MPa /(10 3 mm/mm)
MPa (o1 o3)'/MPa (MPa-s ) Cim . (a1 O fim £ fom
UL10—1M 0.005 58.446 8.477 49.969 9.546 0 3.671 2.205
UL10—2M 0.010 41.457 9.629 31.828 6.674 0 1.953 2.767
UL10—3R 10 ?7 0.050 37.162 6.168 30.994 8.748 9 — —
UL10—4R 0.500 36.375 6.983 29.392 7.554 6 — —
UL20—IM 0.005 83.709 19.028 64.681 133400 4258 4.828
UL20—2M—1 0.010 76.489 15.069 61.421 12.940 0 4.204 4.533
UL20—2M—2 20 32 0.010 77.287 17.930 59.358 12.770 0 4.678 3.414
UL20—4M—1 0.500 42.701 7.469 35232 7.465 0 3.382 0.7016
UL20—4M—2 0.500 45.739 10.681 35.058 7.6770 2.910 1.856
UL30—1IM 0.005 94.546 26.292 68.254 13.680 0 5.329 3.021
UL30—2M 0.010 85.228 25.872 59.356 11.3100 4.186 2.938
UL30—3M 0 * 0.050 67.007 10.659 56.348 12.030 0 5.822 3.882
UL30—4M 0.500 67.579 19.105 48.474 9.778 0 3.635 2.508
UL40—1M 0.005 106.166 35.989 70.177 14.250 0 5.187 3.873
UL40—2M 0.010 102.377 31.022 71.355 16.340 0 6.323 3.690
UL40—3M 0 2 0.050 87.353 33.212 54.141 11.9300 3.776 4.376
UL40—4M 0.500 70.880 11.505 59.375 20.280 0 5.722 8.836
UL50—IM 0.005 147.808 48.326 99.482 139100 5.486 2.941
UL50—2M % > 0.010 124.198 44916 79.282 11.690 0 4.173 3.346
100 1
4 90
Table 4 Peak strengths under smooth unloading and jg :
conventional triaxial compression "g 60 F
_ / /MPa § ig [ . —TT30—1
MPa-s ) o (o om 5 ol —UL30—IM
10(b) TT20 — ) 93150  73.150 20F :353:;\]\2
10(a) UL20—IR 0.005 81.144  64.677 18 r " . —uLo—M
10(b) UL20—IM 0.005 83.709  64.681 0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040
10(a) UL20—2R 0.010 77.290 62.820 &/(mm - mm ')
10(b) UL20—2M—1 0.010 76489  61.421 14 30 MPa .
10(b) UL20—2M—2 0.010 77.287 59.358
Fig.14 Deviatoric stress-axial strain curves under different
10(a) 0.050 0.500 MPa/s unloading rates with initial confining pressure of 30
UL20—3R  UL20—4R 10(b) UL— MPa
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Table 5 Cohesion and internal friction angle of rock at failure

under different unloading rates

(0.500 MPa/s)

/ co/ R
(MPa-s ') MPa ¢/MPa ol

0.000 3.005 32.618 9.408 30.041 0.995
0.005 2.179 40.188 13.612 21.769 0.990
0.010 2.054 32.683 11.402 20.189 0.885
0.050 2.009 34.795 12.274 19.592 0.706
0.500 2.593 20.493 6.363 26.319 0.951
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