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The brittle characteristics of rock mass is the key to the
evaluation of unconventional oil and gas reservoir
transformation effect. In this paper, in order to accurately
brittle rock mass, the multifractal description method of
multi-scale fracture distribution was established by means
of CT scanning imaging. Considering the multi fractal
characteristics of fracture in rock mass, a new method
based on multiple linear regression was established to
characterize shale brittleness. The B layer of A block in
Songliao Basin, China, is selected as the research object,
and the evaluation model of the brittle characteristics of
rock mass fracture is obtained. The results show that the
new method of brittle characterization is in good
agreement with the actual results, which lays a foundation
for the subsequent research on unconventional oil pressure
cracking.
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fracturing,brittleness index, multiple linear regression,
multifractal.

1. Introduction

The brittleness of rock is closely related to the
transformation of oil and gas reservoirs. The
brittleness index is an important index to evaluate the

mechanical properties of the reservoir, wellbore stability and
hydraulic fracturing effect. However, experts in various fields
are different from each other, and there is not a unified and
standard definition of brittleness. A. Morley [1] and M.
Hetenyi [2] define brittleness as the absence of material
plasticity; J. G. Ramsey [3] believes that when the cohesion
of the rock is lost, the material is brittle failure; L. Obert and
W. I. Duvall [4] define brittleness as: brittle properties similar
to iron and most of the rock material reach or slightly exceed
the yield strength and failure. At present, in rock mechanics,

geology and related disciplines scholars believe that minimal
fracture or damage before the show or no plastic
deformation characteristics of rock brittle means. However,
the nature of brittle material has already reached consensus
on the following: (1) the damage occurred in low strain; (2)
the brittle failure form by the internal micro crack control; (3)
rock by fine particulate material composition; (4) the high
compressive strength and tensile strength ratio
(compression ratio); (5) high rebound power (6); large
internal friction angle; (7) crack development completely
when the hardness is tested [5].

The properties of brittle rocks are closely related to their
mechanical properties. Many scholars have done a lot of
research work in this area, and formed a number of
evaluation methods. However, most of the brittle indexes are
analyzed by single factor analysis. According to the study
of rock brittleness in recent years, the single factor cannot
be used to evaluate the brittleness of rock. However, the
results of the calculation of brittle index are not the same:
the stronger the brittle rock, the stronger the residual
energy, the faster the elastic energy release. In this paper,
using multiple linear regression analysis of rock elastic
modulus and Poisson ratio and mineral composition between
quantitative characterizations, combined with elastic
parameter method and rock mineral analysis, and
considering the multifractal distribution characteristics of
the fracture rock mass, and put forward a new kind of rock
brittleness evaluation method based on multiple linear
regression method. The actual calculation results show that
the new method in this paper is consistent with the actual
measurement results.

2. Methods for characterizing rock brittleness
2.1. ROCK BRITTLENESS DEFINITION

Rock is formed in a certain geological environment, it has
a certain structural and structural characteristic of mineral
composition. The rock structure refers to the degree of
crystallization of minerals in the rock, mineral or rock
particles in shape and size and their mutual connection; rock
structure refers to the appearance of the rock, the rock
appearance is through the minerals in the rock or rock debris
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TABLE 4: CORE MINERRAL COMPOSITION AND THE MECHANICAL PARAMETERS DETERMINATION RESULTS

Mineral type and content (%)

Quartz Potassium Anorthose Calcite Dolomite Analcite Siderite Pyrite
feldspar

1 16.30 3.10 26.80 7.30 20.20 3.20 2.10 2.50 18.50 30.23 0.293
2 19.70 3.60 7.30 8.90 9.50 29.10 1.80 1.90 18.20 32.79 0.283
3 14.80 3.80 16.60 4.40 21.70 12.10 1.40 2.80 22.40 24.65 0.300
4 33.90 3.20 13.80 0.00 19.80 8.90 0.00 0.00 20.40 26.98 0.286
5 21.10 4.00 15.90 5.20 15.10 13.60 1.50 2.00 21.60 26.74 0.279
6 19.50 3.70 12.50 1.10 25.40 14.00 0.00 0.00 23.80 24.88 0.279
7 17.70 5.40 27.30 0.00 15.30 3.30 0.00 1.50 29.50 22.56 0.276
8 9.60 4.30 18.50 0.00 8.80 38.10 3.50 0.00 17.20 22.56 0.281
9 10.60 7.00 11.70 2.00 26.70 16.00 3.00 1.80 21.20 26.27 0.267

1 0 14.00 5.30 24.20 11.00 18.00 5.00 1.30 2.40 18.80 20.93 0.281
11 25.30 4.10 6.90 2.40 5.30 28.20 5.60 0.00 22.20 22.10 0.286
1 2 1.80 2.70 16.40 1.10 41.30 10.90 15.10 0.00 10.70 29.53 0.271
1 3 12.10 7.30 33.40 0.00 18.90 4.00 8.70 2.00 13.60 31.63 0.262
1 4 19.60 6.50 9.60 2.00 13.90 30.90 0.00 0.00 17.50 30.00 0.271
15 12.40 5.80 6.30 1.70 5.40 42.90 1.90 0.00 23.60 28.84 0.286
1 6 4.10 14.80 36.00 3.90 24.10 0.00 0.00 4.20 12.90 29.53 0.281
1 7 6.80 11.40 49.30 0.00 13.50 0.00 2.20 1.50 15.30 26.28 0.281
18 8.20 6.70 41.50 1.90 17.70 4.80 3.10 0.00 16.10 28.60 0.273
1 9 9.50 10.10 11.30 3.60 35.90 4.50 1.60 2.70 20.80 23.49 0.310
2 0 37.50 2.00 19.20 14.40 4.10 4.50 1.30 4.60 12.40 23.95 0.262
2 1 19.80 5.90 10.30 2.00 10.80 29.80 4.80 0.00 16.60 19.77 0.286
22 6.10 8.40 46.80 2.40 13.70 1.70 4.90 0.00 16.00 19.53 0.290

Clay
(%)

Elasticity
modulus

Poisson’s
ratio

TABLE 5: SHALE MINERAL COMPOSITION AND MECHANICAL PARAMETERS OF MULTIPLE LINEAR REGRESSIONS ANALYSIS

Influence Coefficient Quartz  Potassium Anorthose Calcite Dolomite Analcite Siderite Pyrite  Clay
factor feldspar

Elasticity 15.576 0.148 0.080 0.145 0.129 0.262 0.200 0 0  -0.171
modulus

Poisson’s 0.254715 -0.000204 0.001197 -0.000108 0.001218 0.000271 0 -0.000343 -0.002222 0.001069
ratio

Fig.6 Relationship between statistical moment order and generalized
fractal dimension (sample 1#)

Fig.7 Multifractal spectrum of rock mass fracture distribution
characteristics (sample 1#)
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Fig.8 Probability distribution of elastic modulus

Fig.9 Probability distribution of Poisson’s ratio

distribution of shale reservoir with different length has
multifractal law.

(2) Based on the analysis of the brittle characteristics of
shale, considering the multifractal distribution
characteristics of fractures in different scales, the method
of calculating the brittleness index of shale rock mass is
established based on the multiple linear regression
method.

(3) The results show that the new method based on multiple
regression method to calculate rock brittleness is
foundation for the subsequent research on
unconventional oil pressure cracking.
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