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Parametric Analysis of Rock Mass during Excavation and Unloading of
Rock Slope
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Abstract: The excavation and unloading process of a rock slope directly determines the safety of engi-
neering construction, so it is very important to analyze the deformation characteristics of slopes and es-
tablish an effective numerical simulation method. Based on the unloading rock mechanics theory and
method, laboratory conventional triaxial and triaxial unloading tests were carried out on red sandstone
specimens to analyze the deformation characteristics, the relationship between the unloading amount
and deformation modulus, and the variation law of strength parameters. In addition, a numerical mod-
el that considers the unloading effect was constructed by combining the finite element method. This pa-
per explores the issues of rock mass deterioration partitioning, considering the stress release caused by
slope excavation unloading and the deformation analysis of slopes under dynamic excavation unload-

ing. The results show that: (1) When the unloading amount reaches 70% and near failure, the defor-
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mation modulus decreases by approximately 10% and 50% , respectively; (2) Under unloading me-

chanical conditions, the cohesion of rock samples decreases and the internal friction angle increases;

(3) By comparing the initial stress field and the stress field after excavation of the slope, the strong

and weak unloading zones can be identified. The example model shows that the net calculation results

of horizontal displacement increment after considering unloading effect are 4 times the results without

considering the unloading effect, and the step-by-step excavation supporting effect is remarkable. The

calculation results closely aligns with practical engineering. The research results can provide some

guidance for the simulation of slope rock mass excavation unloading.

Keywords: rock slope; unloading test; parametric characteristics; numerical calculation; deformation

analysis
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Fig.1 Triaxial testing system for rock mechanics
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Fig.3 Macro failure photographs of red sandstone specimens
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Fig.4 Stress-strain curves of red sandstones (under a confin-

ing pressure of 9 MPa)
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Fig.5 Stress-strain curves of red sandstones (under a confin-

ing pressure of 12 MPa)
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Fig.6 Stress-strain curves of red sandstones (under a confin-

ing pressure of 15 MPa)
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Table 1 Deformation modulus reduction ratio at each

stage of triaxial unloading tests
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Table 3 Net increments of horizontal displacements of
Hfii :mm
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1 2 3 1 2 3
ZpEE M 0.15 2.03 8.48 0.15 1.25 2.53
K@# 012 0.83 2.23 0.12 035 1.21
JHE FEEIA 013 188 6.18 0.13 1.04 2.07
S KEFT 0.09 042 1.53 0.09 0.26 0.96
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