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Abstract: The mechanical properties of rocks are obviously affected by initial stress state and unloading rates that
are caused by excavation. Based on triaxial unloading and scanning electron microscopy(SEM) analysis, the
deformation, breakage, and strength features of marble samples of the Jinping First Hydropower Station under
different unloading rates and geostress conditions are studied. With unloading rates v, and initial confining
pressure oy increasing, the brittle rupture and tensile characteristics of rock are more obvious. There are annular
tensile cracks in secondary unloading direction when the rock samples are unloaded in two directions; and the
meso-shapes of the tensile fracture surface under SEM consequently are presented with branch-tension, and
multilayer biscuit-lancinated and slippery plane-ejected shapes. The axial strain compression increment Ag, is
gradually reduced, but the confining expansion stress Ag, is increased during the process of unloading. The
influence of unloading rate v, on deformation modulus E is different at the different deformation stages during
process of unloading. The deformation modulus E is gradually increased before peak strength, but it gradually
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increases firstly and rapidly decreases afterward with v, enhanced. The Poisson’s ratio x is gradually increased
during process of unloading, and it is more distinct with vyand o7 enhancing, especially after peak strength.
Relative to data of traditional triaxial loading test, the rock cohesion c is remarkably reduced but inner friction
angle ¢ is a little increased under unloading test. The faster the v, is, the more c is reduced, and the less the ¢

increases.

Key words: rock mechanics; triaxial unloading test; scanning electronic microscopy(SEM); unloading rates;

deformation and failure; mechanical parameters
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Fig.1 Typical stress variation curves of marble samples during
the processes of loading and unloading
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Table 1  Serial numbers of rock samples and loading and
unloading rates in the tests

WITT%E AR R MRER O BRER HUERE
%5 i IMPa  /(MPa-s™) /(MPa-s") %k
LU1 20 0.48 1.28 0.37
LU2 40 0.52 1.05 0.51
LU3 30 0.19 0.89 0.21
LU4 30 0.13 0.72 0.18
LU5 40 0.13 058 0.22
LU6 30 0.30 0.57 0.52
LU7 40 0.09 0.55 0.16
. LU8 20 0.24 0.49 0.50
LU9 20 0.03 0.41 0.06
LU10 30 0.28 0.37 0.77
LU11 20 0.14 0.27 0.52
LU12 40 0.24 0.27 0.88
LU13 40 0.21 0.27 0.79
LU14 40 0.09 0.26 0.34
uu1 30 117 167 0.70
uu2 40 0.46 0.98 0.47
uu3 20 0.78 0.92 0.85
uu4 30 0.72 0.83 0.87
uus 40 0.47 0.67 0.70
uus 30 0.40 0.44 0.90
uu7? 20 0.37 0.42 0.89
? uus 20 0.24 0.41 0.57
uu9 20 0.12 0.29 0.41
uu10 20 0.22 0.29 0.75
uu11 20 0.09 0.28 0.32
uu12 30 0.09 0.27 0.31
uu13 30 0.02 0.26 0.08
uu14 30 0.08 0.26 0.32
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Fig.2 Typical stress-strain curves of rock samples
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Fig.7 Variation laws of damage variable w with unloading rate v,
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Fig.9 Failure modes of rock specimens under unloading
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Fig.10 SEM pictures of rock specimens fracture
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