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On the fracture modes and strength of rocks
under uniaxial compression test
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Abstract

It is well—known that the fracture of rock specimen have two typical modes. One is the
cleavage type fracture, and the other is the slipping type fracture. However, the reason of
the diffirence between the two fracture modes is not sufficiently known. In this paper, a
trial explanation is proposed about this reason from the microscopic view point.

The consideration of the slipping type fracture starts from the concept of Coulomb's theory,
but in the rock-like brittle materials, it is necessary to introduce the ratio M of the shear
strength Tg to the tensile strengthG} which corresponds to the coefficient of internal friction
in soil mechanics. T4 shall be named the fracture mode number, because M may mainly have the
influence on the fracture modes. On the other side, as it has been proposed’ that the most
dangerous inclination of cracks makes right angle to the axis of compression from the con-
sideration on the stress concentration and the propagation of energy of cracks, the cleavage
type fracture may be determined from its theoretical tensile strength (7.

These two conditions are shown in Fig.6. Thus, it may be noted that if the line L(T=Z+Mr)
becomes a tangent of the circle O, the slipping type fracture may occur, and if not, the cleav-
age type fracture occurs. However, it is difficult to obtain the theoretical strength due
to cracks contained in a rock, and we can only observe the apparent tensile strength (Jy,and the
apparent compressive strength (Jpwhich are related to the theoretical tensile strengthcg_by the
following forms respectively

O =078 (2)
O =X 07 ‘ (5)

where ()¢ and @ are the modification coefficients in compressive strength and tensile strength
respectively andCi@ is the so-talled brittleness factor. From (Egs.(2)and(5), the line L and
the circle O are modified into the line L' and the circle O' as shown in Fig.7, and M is also
changed into the apparent modified fracture mode number}ﬂa. The critical fracture mode number
Tﬂ:is to be obtained from the condition that L' contacts with O'.

Thus, the fracture mode is determined by the following condition

*
Ma > Ma (4)
where MG=E/0{2, Mi= Qﬁ/@{ﬁ@and Tais the apparent shear strength. If M,is greater thanMf,

the cleavage fracture mode may occur, and iflwﬁis equal toqu} the slipping fracture mode may
occur.

According to the experimental results by Wuerker? it is seen that/Hhis approximately equal
toﬁmr, in almost kinds of rocks ( see Table 1 ), which means that the fracture modes of rocks
are not simply determined. The predicted fracture modes from Wuerker's data are listed in
Table 1.

From the above fact (My< M{f), the following approximated relation can easily be obtained

4Te = COen- Gia (16>

On the other side, the same relation can also be obtained by putting QL= 2. Thus, it may
be known that the fracture under uniaxial compression generally initiates at about 50% of the
final strength. The experimental reporéé may also support the above estimation. Hence, put-
ting™® = 2, @is given as shown in Table 1, and it is found that @'is changed from about 1 to
60 due to the kind of rocks.





