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Abstract: Accurately understanding the mechanical laws and mechanisms of micro-damage to the near-field
surrounding rock in high-level radioactive waste geological disposal repository is of great significance for achieving
the disposal encirclement function. Given that the mechanical behavior and response characteristics of rocks are
related to stress paths, the mechanical tests were conducted on three typical stress paths, including loading axial
pressure-fixing confining pressure, loading axial pressure-unloading confining pressure, and unloading axial
pressure-unloading confining pressure. The Beishan granite in the pre-selected area for high-level radioactive waste
geological disposal in China was taken as the research object, and the effects of stress path and initial confining
pressure on the pre-critical deformation properties and dilatancy behavior of which under high stress levels were
systematically studied. Firstly, taking the brittle stress-drop as the critical state, for the controllable and comparable
stress path bifurcation stage, a unified quantitative comparison of macro deformation parameter evolution process
and characteristics based on deviatoric stress ratio is proposed. It is found that when unloading confining pressure at
high stress levels, axial pressure unloading actually exacerbates lateral deformation and dilatancy compared to
loading; The secant Poisson’s ratio curves of secants between different paths are dispersed and clustered, with
significant differences in evolutionary characteristics, but the confining pressure effect is not obvious; The
relationship between the volumetric and radial strain increment follows a quadratic function, but there are significant
differences in gradient and curvature of curves under different paths. Secondly, the plastic theory is used to describe
the nonlinear deformation characteristics of rocks, and variables such as plastic strain compliance and radial axial
plastic strain increment ratio (proportional coefficient) are defined. The results show that the greater the confining
pressure, the more significant the inhibitory effect on lateral deformation and dilatancy, and the stronger the ability
to withstand plastic deformation. Compared with axial compression loading, unloading delays the failure, making
the development of plastic deformation more complete; Although initial confining pressure has a suppressive effect
on rock deformation and failure, it has a greater promoting effect on plastic strain sensitivity and development, and
has a greater impact on axial deformation. Finally, it is found that the relationship between the volumetric and axial
plastic strain increment under each stress path follow an exponential distribution relationship. Based on this, a unified
theoretical relationship between the apparent dilatancy angle and dilation angle before the critical point was
constructed, and the influence of initial confining pressure was examined through the dilatancy index. The results
show that the apparent dilatancy angle and the dilation angle of loading axial pressure-fixing confining pressure are
the smallest, and the confining pressure effect of the dilatancy index is the most obvious; The increase gradient of
dilation angle of loading axial pressure-unloading confining pressure is the largest, and the dilatancy trend is the
most prominent; The apparent dilatancy angle and dilatation angle of unloading axial-unloading confining pressure
are the largest, the dilatancy index is least affected by the initial confining pressure, and the dilatancy property is the
most significant. The research results reveal the correlation between the pre-critical deformation evolution and
dilatancy properties of Beishan granite under high stress level with stress path, indicating that the development of
surrounding rock dilatancy micro-damage in multi-directional unloading area need be paid close attention to in the
engineering practice and theoretical research of high-level radioactive waste geological disposal.
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Fig.1 Rock samples from the old well section in the Beishan

Preselected Area, Gansu Province
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Fig.4 Schematic diagram of three typical experimental paths
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Table 1 Initial stress conditions for path bifurcation points of
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iR RIS WIGEE oo/MPa WIE RN 10— o3)0/MPa
1-1 15 280
iz 1 1-2 25 330
1-3 35 380
2-1 15 280
4z 2 2-2 25 330
2-3 35 380
3-1 15 280
A% 3 3-2 25 330
3-3 35 380
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Fig.5 Full process curves of deviatoric stress-strain under

different stress paths
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deviatoric stress ratio under different stress paths
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Table 2  Critical point stress strain and strain increment
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Table 3 Critical and incremental values of secant Poisson's

ratio
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1-1 1.811 0.625 0.341
At 1 1-2 1.350 0.575 0.309
1-3 1.355 0.614 0.318
2-1 2.505 0.501 0.197
A% 2 2-2 2.338 0.549 0217
2-3 1.839 0.543 0.224
3-1 18.147 0.895 0.493
A3 3-2 11.614 1.199 0.872
3-3 9.120 0.921 0.548
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Fig.9 Relationship curves between volumetric and radial strain
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Table 4 Fitting results of the relationship between volumetric

and radial strain increment

REE  Wme B B, R?
1-1 0.964 68 219.256 0.999 58
A 1 1-2 0.719 29 201.427 0.999 46
1-3 0.783 30 133.243 0.999 64
2-1 1.451 50 494.288 0.999 97
A% 2 2-2 1.519 65 431.599 0.999 97
2-3 1338 07 381.035 0.999 96
3-1 1.926 66 7.047 0.999 99
12 3 3-2 1.884 34 8.001 0.999 99
3-3 1.856 76 6.934 0.999 99
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normalized deviatoric stress ratio
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Table 5 Ceritical point plastic strain and increment

I 5 s BE 1 AR ARG R BRI AR B

e W

Wi el &l &b/ Agly/ Agl / Agl /
102 10?2 10 2 102 102 102
i 1-1 0.053 —0.242 —0.431 0.038 —0.205 —0.371
& 1-2 0095 —0.291 —0.486 0.077 —0.254 —0.431
! 1-3 0.192 —0.400 —0.607 0.147 —0.341 —0.536
% 2-1 0031 —0.139 —0.246 0.012 —0.085 —0.158
% 2-2 0053 —0.175 —0.298 0.026 —0.111 —0.197
2 2-3 0.094 —0.216 —0.338 0.045 —0.144 —0.243
% 3-10.049 —0333 —0.618 0.020 —0.241 —0.462
£ 3-2 0077 —0.541 —1.006 0.051 —0.490 —0.928
3 3-3 0.106 —0.500 —0.894 0.057 —0.384 —0.712
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Fig.12 Evolution curves of plastic strain compliance with

normalized deviatoric stress ratio
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FA4E F 10

B PHEE: AFENDDEAE T B ILAE A I SRS BT AR S 5 84T il Ba i 7t

6 ARAE Rl e I R AR B OC R AU R
Table 6 Fitting results of the relationship between plastic

volumetric and axial strain increment

RIkAe WM s A A R ¢

1-1 0.001 77

2951.77593  0.999 77 5.225

Mz 1 1-2 0.003 24 1099.797 62  0.999 37 3.563
1-3 0.004 48 536.350 12 0.999 82 2.403
2-1 0.000 78 8749.82843  0.994 75 6.833
M1z 2 2-2 0.00142 337329921 0.999 29 4.790
2-3 0.000 99 27538912  0.999 57 2.733
3-1 0.00192 641048745 099575 12.308
1z 3 3-2 0.001 84  3595.00949 0.998 16 6.615
3-3 0.00322  2012.64264 0.998 67 6.481
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Fig.16 Evolution curves of apparent dilatancy angle with

normalized axial plastic strain increment
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