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Experimental study on mechanical characteristics of two parallel fractured
rock under frozen condition
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Abstract: Cracks significantly influence the stability of rock engineering, and two parallel cracks are the severe distribution forms of
cracks. A series of triaxial compression tests were conducted on sandstone specimens with two parallel cracks to investigate the effect
of fracture morphology on its mechanical properties and failure modes. The results showed that strength, elastic modulus and
Poisson’s ratio of fractured rock were influenced by both the trace length and the trace length ratio. It was also found that these
parameters decreased first, then increased immediately with dip increments, and less varied with spacing between cracks. When the
dip angle was less than 30° , the failure plane initiated from crack tips and propagated through the rock bridge along the direction of
principal stress. Shear failures localised within one crack, when the angle was between 30° and 60° . For the rock specimen with
small trace length and trace length ratio (continuity <25%, trace length ratio <2.5), failure modes were not influenced by cracks.
Failure modes depended on the crack with a longer trace length, when the trace length became significant (continuity degree >75%),
but the trace length ratio remained relatively small (trace length ratio <1). For the rock with moderate cracks (continuity falls between
25%~75%) and the trace length ratio of approximately 1, failure modes were controlled by two cracks.

Keywords: two parallel fractured rock; fracture dip; fracture spacing; trace length; mechanical properties
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Table 1 Mechanical parameters of rock-like materials
and red sandstone
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Table 2 The influence of spacing on rock mechanical

properties
. RBGIEE BTN FERCE AL BN AR AR
/mm  J]o,/MPa E/GPa v & £,
PJ1 4 28.20 2.29 0.084 0.0103 0.003 9
PJ2 8 28.52 2.28 0.085 0.0105 0.003 6
PJ3 12 28.33 2.29 0.084 0.0104 0.003 7
PJ4 20 28.69 2.32 0.084 0.0100 0.004 0
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Fig.5 Failure modes of specimens with two parallel cracks
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Table 3 The influence of dip angles on rock mechanical

properties
. i KRB SR VAR i AR AR AR
6/(°) o,/MPa E/GPa v £ £,
PQ1 0 42.82 2.24 0.107 0.0177 0.0107
HBI 15 38.63 2.24 0.103  0.0138 0.0058
PQ2 30 32.55 2.37 0.098 0.0116 0.0084
PQ3 45 28.33 2.29 0.084 0.0104 0.0037
PQ4 60 24.76 2.05 0.071  0.0085 0.0029
HB2 75 38.29 2.31 0.126  0.0144 0.0068
PQ5 90 60.68 2.61 0.170  0.0250 0.0130
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Fig.9 Failure modes of specimens with two parallel cracks
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Table 4 The influence of trace lengths on rock mechanical
properties
K KTy SR

THRREL Fal i AR A i AR

it ay/ax o,/ MPa E/GPa 1% £ £,

PL1  4/4 52.59 2.47 0.152  0.0220 0.0137
PL2  4/10 38.24 2.34 0.139 0.0146 0.0105
PL3  10/10 3235 2.29 0.140  0.0132 0.0053
PL4  4/20 29.82 2.19 0.080 0.0105 0.0048
PL5 1020 2631 2.11 0.055 0.0116 0.007 4
PL6 2020 24.12 2.07 0.066  0.0073 0.0017
PL7  4/30 25.82 2.66 0.056  0.0086 0.0026
PL8  10/30 23.53 2.58 0.065 0.0087 0.0023
PL9  20/30 22.17 2.28 0.056 0.0115 0.0025
PL10 30/30 21.19 1.97 0.085 0.0088 0.002 4
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Table 5 The influence of trace lengths on rock mechanical properties

FUNS TS KL SES NSV EERIN S PR PRI R L AL THR AR R 5K
a;/ mm ay/ mm y o,/ MPa n, E/GPa nE v ny

0 0.00 56.52 1.00 2.56 1.00 0.17 1.000

4 1.00 52.59 0.93 2.47 0.97 0.152 0.894

4 10 2.50 38.24 0.68 2.34 0.91 0.139 0.818
20 5.00 29.82 0.53 2.19 0.86 0.081 0.476

30 7.50 25.85 0.46 2.01 0.79 0.042 0.247

0 0.00 3391 1.00 2.38 1.00 0.137 1.000

4 0.40 38.24 1.13 2.34 0.98 0.139 1.015

10 10 1.00 3235 0.95 2.29 0.96 0.14 1.022
20 2.00 2631 0.78 2.11 0.89 0.072 0.526

30 3.00 23.53 0.69 1.98 0.83 0.043 0.314

0 0.00 28.32 1.00 2.22 1.00 0.084 1.000

4 0.20 29.82 1.05 2.19 0.99 0.081 0.964

20 10 0.50 2631 0.93 2.11 0.95 0.072 0.857
20 1.00 24.12 0.85 2.07 0.93 0.066 0.786

30 1.50 22.17 0.78 1.98 0.89 0.043 0.512

0 0.00 25.57 1.00 2.09 1.00 0.044 1.000

4 0.13 25.82 1.01 2.01 0.96 0.042 0.955

30 10 0.33 23.53 0.92 1.98 0.95 0.043 0.977
20 0.67 24.12 0.94 1.98 0.95 0.043 0.977

30 1.00 21.19 0.83 1.97 0.94 0.043 0.966
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