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Abstract: Inorder to get parameter properties of rock mass, a series of representative unloading tests

are carried on hard granite moonstone for that it is indispensable to get mechanical parameters and

strength parameters for numerical smulation. In the unloading tests, the stress path of decreasing

confining pressure along with increasing axial pressure is adopted to be similar to the evacuation of

rock mass at depth. The results of tests show as follows:

(1) Asthe cracksdevelopment in rock mass, the mechanical parameters and strength parametersis not
constant.

(2) In the process of unloading, the Poisson’s ration would be risen gradually and the deformation
modulus would be decreased little by little.

(3) Two strength parameters, the internal cohesion and the internal friction angel are both reduced
greatly, compared to that in loading tests.

Introduction

With the development of computer technology, large-scale numerical simulations are widely used for
engineering designsin geotechnical engineering. It isindispensable to get parameter properties of rock
for numerical simulation, and so far, most research results are limited to that under load conditions.
However, it isalso confirmed that parameter properties of rock under unloading condition differ from
those under load condition. When research results under load conditions are applied to unloading
constructions, errors will occur'. Therefore, it is very significant for smulation analysis to study
parameter properties of rock under unloading condition.

As thus, a series of representative unloading tests are carried on hard granite moonstones, which
come from the underground workshop excavation zone in Dagangshan hydropower station in western
China. And it is hoped that the research can be bring reasonable suggestion to engineering design on
unload.

Unloading test plan

To ensure correct control of test and accurate measurement of parameters, MTS3815.3
Program-controlled Rock Stiff Test Machine, which is made in U.S.A with two program-controlled
channels (axial pressure and confining pressure) and with four types of control modes (load, stress,
strain and displacement), isapplied inthistest. Inthetest, al rock specimens are done as cylinders with
height/diameter 2:1, and the initial stress conditions on all specimens are also expressed in Tab.1. The
unloading test process is undertaken in the following four stages:

Stage 1. Gradually apply and increase axial pressuresand confining pressures , to the destined
values ,.

Stage 2: Then steady s , and at the same time, steadily increase s ; to ainitial stress condition before
the specimen is destroyed.

Stage 3: Then slowly increase s ; and gradually reduce s , at the same time.

Stage 4: At the end, analyze the tests after the specimen is destroyed.
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Table.1. initial stress condition of specimens

U3-1 U4-1 U6-1 Us-1 U10-1
Test specimen u3-2 U4-2 U6-2 us-2 U10-2
U3-3 U4-3 U6-3 Us-3 U10-3
Initial confining
pressures ,/MPa 20 40 60 80 100
Initial axial
pressures , /MPa 300 380 400 400 450

Analysis of mechanical parameters

E-B3 curves of and @-23 curves at different initial confining pressure s , are present from Fig.1 to

Fig.10, and we can obtain such results as follows by those curves:

A. Thedeformation modulus and the Poisson’ sration should not be seen as aconstant for that thereis
an obvious variation in the stage of unloading.

B. With the unloading process, the Poisson’s ration increase distinctly and the deformation modulus
decrease gradually.
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Strength test and analysis of strength parameters

In order to analyze properties of strength parameters, structure surface shear strength test are carried
on these unloaded rock samples. In strength tests, the normal force is firstly increased gradually to
booked value, and then the shear force isincreased at one speed till to the failure. Fig.11 expressesthe
curves of shear force and shear displacement.
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Fig.11 the curves of shear force and shear displacement.

Based on the shear tests, linear Mohr-Coulomb criterion is used to describe the rock failures, and in
geotechnical engineering, the Mohr-Coulomb criterion is the most commonly accepted as factures
criterion. Fig.12 shows the fitting curve. Infig.12, the intercept at vertical axis equals to the internal
cohesion ¢, and the tangent angel of curve expresses the internal friction angel | . So the following
two equals can be get easlly:

¢ = 13 89MP: (1)

j =7256 )

Fig.13 describes the Mohr-Coulomb strength envelop of rock samplesin the state of load. And from
Fig.5, the two strength indexes can be get as follows:
c = 29. 53MPx (3)

j =51.89° (4)
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Fig.12 the fitting curve about Mohr-Coulomb Fig.13 the Mohr-Coulomb strength envelope

By the comparison from equalities (1) to (4), it can be concluded that because of unloading, the
internal cohesion ¢ isreduced greatly and the internal friction angel | isincreased.

Conclusions

A series of representative unloading tests and strength tests have been performed on granite

moonstones, the following conclusions can be reached:

A. Under unloading condition, with the appearance of cracks, the internal friction angel is risen and
the internal cohesion is decreased.

B. Under unloading condition, hard granites behave brittle failure and the linear Mohr-coulomb
criterion can well describe the failure characteristics.

C. Inthe stage of unloading, the Poisson's ration rise and the deformation modulus can not be as
constants for that the two indexes have both variation trend.
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