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Table 1 Included angles between bolt shaft and coordinates

Case 1 2 3 4 5 6
o - 45.0° 46.9° 57.2° 72.6° 90.0°
3 - 45.0° 46.9° 57.2¢ T2.67 an.0=
T - 90.0° 75.0° 50.0° 25.0° 0.0°

Fe 1 AEIT, oos®a 4 cos® §+ ooty = 1.

Note: case | is for no-bolting and cos? a + cos? @ + cos? v = 1.
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Table 2 Values of & and o3 at failure point of rockmass (Unit: MPa)

Case 1 2 3 4 5 6
a1 1.62 1.88 1.93 1.89 1.86 1.61
Ty 2.84 2.78 3.26 3.91 4.58 4.51

TE: 1AL 1 A
Note: Case 1 is for no-bolting.
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CONSTITUTIVE RELATIONSHIP AND FAILURE CRITERION
FOR BOLTED ORTHOTROPIC ROCKMASS "

Zhang Yujun Liu Yiping*
( Wuhan Institute of Rock and Soil Mechanics, The Chinese Amdemy of Sciences, Wuhan 430071, China)
*(Wuhan Institute of Physics and Mathematics, The Chinese Academy of Sciences, Wuhan 430071, China)

the material that exhibits natures
of uniformity and singleness in macro sense , the constitutive relationship of the material is the same

Abstract According to the concept of equivalent material

as that of the material that exhibits meso-nominiformity and contains various compositions. Some
researchers have performed many studies on the mechanical properties of the rockmass anchored
with systematic bolts such as deformability and strength through model simulation and obtained
both theoretical and empirical relation equations between the mechanical indexes and the bolt
parameters (diameter, length, spacing for example) of the bolted rockmass. Unfortunately, their
studies neglect an important nature of the bolting support——quite strong directivity because
the bolted rockmass under their consideration are almost treated as an isotropic body. In fact,
no rockmass, if bolted, will exhibit isotropic changes in its mechanical properties and the most
obvious improvement of the properties due to bolting takes place along the bolt axial direction
whereas the least takes place in the direction perpendicular to the bolt. Accordingly, the bolted
rockmass is a kind of anisotropic body in more strict physical sense, whose characters should be
studied thoroughly.

Out of this consideration mentioned about, the authors have made attempts to proceed from
establishing the theoretical model for the bolted rockmass then to analyze numerically the mechan-
ical behavior of the rockmass. In doing so, firstly consider an orthotropic country rockmass and
cut off a representative element containing a bolt in the light of the concept of equivalent material
from the mass which has been anchored with systematic bolts, and then deduce and establish the
constitutive relationship and the failure criterion of the bolted rockmass by the method in which

Reocived 24 Angust 2000, revised 21 August 2001.
1) The project supported by the National Natural Science Foundation of China (59879027).
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the contributions of the bolt to both stiffness and strength of the country rockmass have been fully
taken into account, and afterwards perform numerical computations to analyze the anisotripic be-
havior of both bolted and non-bolted representative elements in the variations of their stress-strain
relation and strength with the installing angle of the bolt. It can been seen from the calculation
results for a bolted rockmass, its deformability is constrained due to the increment in its stiffness
and strength, i.e., it can bear a higher stress. Finally comparison is made between the theoretical
analysis and the result from a simple model simulation in which a tested specimen made from
similar materials was compressed uniaxially to failure, showing a good coincidence between them.
The mechanical model proposed in the present paper has been proved reliable tentatively. The
authors will introduce this model into such numerical analyzing program as FEM code in near
future and check it through engineering practice to make it perfect.

Key words bolted rockmass, orthotropy, constitutive equation, failure criterion, model test



