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In order to study the fracture ability classification of rock mass under the cracking action of supercritical CO2 phase transition,
based on the classification theory of rock mass in blasting engineering, an analytic hierarchy process (AHP)-entropy weight
method (EWM) and the cloudmodel classificationmethod for rock mass cracking under CO2 phase transformation are proposed.
In this method, rock density, rock tensile strength, rock wave impedance, and rockmass integrity coefficient are used as the factors
to determine the level of rock mass fracturing, and the evaluation index system of rock mass fracturing is established.,rough this
evaluation method, the rock mass in a reconstruction project section of Nyingchi, Tibet, is classified and evaluated. ,e results
present that this new classificationmethod of rockmass fracture ability uses AHP–EWM to carry out the weight distribution of the
classification index. In addition, it is combined with the cloud model for the classification division, overcoming the traditional
classification method fixed with appraisal pattern flaw.,erefore, it has validity and feasibility. According to the characteristics of
fracture ability, the rock masses in the area to be rebuilt on the Tibet Highway are divided into grade II, grade III, and grade IV,
which provides scientific guidance for the construction of the project.

1. Introduction

At present, blasting is still the most important means of rock
crushing excavation in open pit mining and underground
engineering construction. In traditional blasting engineer-
ing, vibration, shock wave, flying stone, and other hazards
are inevitably caused. In addition, there are certain safety
hazards when applied in coal seams with a high concen-
tration of gas. In order to overcome the above shortcomings
of blasting, it is necessary to actively develop gas blasting
excavation technology with high safety as a supplementary
means of blasting excavation. Gas explosion excavation
technology is the most widely used CO2 phase change
fracturing technology. ,is technology originated at the
beginning of the last century and was initially used to in-
crease the permeability and mining of coal seams in British
coal mines [1]. Subsequently, it was widely used in coal
mines in many countries [2]. Nowadays, CO2 phase change

fracturing has once again attracted attention due to the
advantages of rock-soil blasting and excavation in complex
environments [3–5]. Wang et al. [6] studied the phase
change fracturing process of liquid CO2 from theoretical
analysis and numerical simulation, established a mathe-
matical model of coal seam fracturing pressure, and analyzed
the fracturing influence range. Li et al. [7] investigated a new
liquid CO2 rock breaking technology through a series of field
tests and successfully applied the technology to rock exca-
vation at the construction site of a subway station. At
present, in the research of CO2 phase change fracturing and
rock breaking, in order to ensure efficient fracturing of the
target rock mass, it is necessary to carry out the fracture
grading evaluation for various target rock masses existing in
different geological environments, which can help in the
parameter design and crack scheme optimization.

Rock mass fracture ability refers to the difficulty of rock
mass cracking under high pressure in the process of CO2
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phase transformation. At present, there is no relevant
classification evaluation standard for rock mass cracking in
the CO2 of phase change fracturing and rock breaking at
home and abroad. However, the explosive classification of
rock mass corresponding to commonly used explosives such
as emulsion explosives has formed a relatively complete
system. ,e blastability classification methods of rock mass
can be divided into two main categories. ,e first category
uses a single comprehensive index such as rock Platts co-
efficient and rock explosive unit consumption for blastability
classification [8–10]. However, rock blastability classification
is a comprehensive classification, it is necessary to com-
prehensively consider multiple factors such as rock density,
tensile strength, and rock integrity coefficient. ,erefore, the
effect of this single index evaluation method is not ideal. ,e
second category uses soft mathematical calculation methods
such as set pair analysis, neural network, cluster analysis,
matter element extension method, and gray correlation
analysis for comprehensive blastability classification
[11–16]. Zhou et al. [17] proposed amultifactor index system
of rock mass blastability consisting of density, wave im-
pedance, uniaxial compressive strength, and uniaxial tensile
strength. Based on the system engineering theory, an im-
proved multidimensional blastability classification model
was established. On the basis of gray correlation theory and
entropy weight theory, Gao et al. [18] established a com-
prehensive evaluation model of tunnel collapse risk based on
entropy weight and gray correlation degree. Furthermore,
the grade of collapse risk of the tunnel was obtained
combined with the correction coefficient of tunnel con-
struction according to rainfall conditions. Tao et al. [19]
created the evaluation model of rock mass blastability based
on the principle of cluster analysis and applied it to the
classification of rock mass blastability in practical engi-
neering. Zheng et al. [20] built a rock burst prediction model
based on the entropy weight gray correlation BP neural
network and utilized the model to the rock burst prediction
of a tunnel project. ,e prediction results obtained were in
good agreement with the actual conditions, which verified
the feasibility and effectiveness of themodel in the rock burst
prediction.

,e above research provides guidance for the classifi-
cation evaluation of rock mass under blasting load, but the
proposed models still have limitations. Moreover, due to the
obvious difference between CO2 phase change induced
fracture rock and explosive blasting, the existing rock mass
explosive classification method cannot be directly applied to
the evaluation of rock mass fracture behavior under CO2
phase change induced fracture. ,erefore, it is necessary to
carry out the evaluation of rock mass fracture behavior
under phase change induced fracture. On the basis of the
theory and idea of explosive classification of rock mass and
considering the characteristics of rock breaking caused by
CO2 phase transformation, this paper proposes a rock mass
fracture ability classification evaluation method based on
AHP–EWM and the cloud model and evaluates the fracture
ability of the rock mass of a reconstruction project in Milin
County, Tibet. ,is method provides a reliable reference for
the safe and effective construction of the project.

2. Methodology

2.1. CO2 Phase Change Fracturing Method. ,e CO2 phase
change fracturing (liquid CO2 liquid-gas phase cracking)
rock breaking method is to put the crack tube with liquid
carbon dioxide as shown in Figure 1 into the hole of the
required rock mass drilled in advance. In the process of CO2
phase change fracturing and rock breaking, a CO2 storage
tank is first used to fill the liquid CO2 into the liquid storage
tube of the fracturing tube, and then the heater is energized
on the tube to generate heat so that the liquid CO2 in the tube
absorbs heat into a supercritical state. ,e supercritical
carbon dioxide absorbs heat and heats up, and the internal
pressure of the liquid storage tube continues to rise. When
the pressure in the tube exceeds the rated pressure of the
rupture disc, the shearing piece will be instantly broken, and
the supercritical CO2 will instantly relieve the pressure and
expand and transform into high-pressure gas. At the same
time, the high-pressure CO2 gas is instantly released from
the explosion vent nozzle set on the discharge head to
provide the energy required for deformation of the rock
mass medium, thereby causing the rock mass medium to
produce relative displacement and create cracks.

2.2. Classification Method of AHP–EWM and the Cloud
Model. ,is paper introduces a classification method based
on the analytic hierarchy process (AHP)–entropy weight
method (EWM) and cloud model, which can classify the
difficulty of rock mass fracture under CO2 phase change
fracture. ,is method first assigns subjective and objective
weights to the selected rock mass fracturing grading eval-
uation indicators through the analytic hierarchy process and
the entropy weight method and then optimizes the weights
through the Lagrange multiplier method to obtain the
combined weight of each factor in the classification of rock
mass fracturing in the whole classification process. After
that, the cloud model of the selected classification factors is
established, and the different evaluation factors of rock mass
fracture ability correspond to the membership degree of
different fracture grades through the digital characteristics of
cloud. Finally, combined with the weight of the evaluation
factor and the membership degree of each factor, the grade
of the rock mass fracture ability is determined.,e flowchart
of the method is shown in Figure 2.

2.2.1. �eory of Analytic Hierarchy Process (AHP).
Hierarchical analysis is a systematic analysis method pro-
posed by American operations research scientist T. L. Saaty
in the 1970s [21]. ,is method combines qualitative and
quantitative methods to decompose complex problems into
several levels and several factors and then compares each
factor in pairs to obtain the weights corresponding to dif-
ferent problem solutions, thereby providing a theoretical
basis for the choice of the best method. In the analytic
hierarchy process, the selected evaluation indicators are first
determined, the selected factors in pairs are compared, and
they are scored according to the degree of influence of the
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comparison factor on the target factor. ,e scoring scale is
1–9, as shown in Table 1.

After scoring according to the numerical value, a
judgment matrix A� (aij)n×n can be constructed, where aij
represents the importance of the i-th index relative to the j-
th index. Afterwards, the consistency test of the judgment
matrix is performed to determine whether the consistency of
the judgment matrix is within the recognized range, that is,
whether the judgment matrix is reasonable.

,e consistency of the matrix can be tested by the fol-
lowing formula:

CI �
λmax − n

n − 1
, (1)

CR �
CI
RI

, (2)

where n represents the order of matrix A; λmax represents the
largest eigenvalue of matrix A; and RI represents the average
random consistency index, which takes a value according to
the size of n. If CR <0.1, it can be considered that the
judgment matrix satisfies the consistency. When the judg-
ment matrix cannot pass the consistency test, it is necessary

to reassign the degree of mutual importance between the
indicators until it passes the matrix consistency test.

After checking the consistency of the matrix, the weight
μj of each evaluation index can be obtained according to
formula (3) of the weight value, that is, the degree of in-
fluence of each grading index with respect to the fracture
ability of the rock mass.

μj �


n
i�1 aji/

n
k�1 aki(j � 1, 2, 3, · · ·n)

n
. (3)

2.2.2. �eory of the Entropy Weight Method (EWM).
Entropy is originally derived from the definition in ther-
modynamics and represents the uniformity of the distri-
bution of energy in space. At the end of the 1940s, C.E.
Shannon first introduced entropy into the field of infor-
mation theory and then put forward a broader concept of
information entropy. Now, information theory has been
successfully applied in many fields. ,e information entropy
theory reflects the degree of information disorder and can be
used to evaluate the amount of information. ,e more in-
formation an index carries, the greater the impact on

Liquid storage tube Sealing gasket Explosion vent nozzle

Rupture dise Discharge head

Heater

Detonating head

Figure 1: Structure diagram of the carbon dioxide phase change fracturing tube.

Classification and evaluation system
of rock fractureability

Index of fractureability of rock mass

AHP determines subjective weights
EWM determines objective weights

Determine the comprehensive weight

Comprehensive membership
degree of rock mass

Classification of rock
fragmentability

Generate cloud model

Determine the digital
characteristics of the cloud model

Figure 2: Flow chart of cracking classification.
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decision making and the greater the weight. ,rough the
information entropy theory, the objective weight of each
evaluation index can be determined.

,e EWM is a method of calculating the objective
weight of the evaluation factor, which is different from the
AHP. ,e first step is to set up m evaluation objects and n
evaluation indicators when EWM is used to determine the
index weight [22, 23]. ,en, the j-th index of the i-th
object as xij should be defined so that the data matrix
X � (xij)m×n about the original index of the object can be
obtained.

,e data in the matrix X can be further normalized by
the following formula to obtain a new matrix Y� (yij)m×n:

yij �
xij − min xj

max xj − min xj

. (4)

Afterwards, the entropy value Hj is calculated
according to each group of data in the matrix Y � (yij)m×n,
and the definition of the entropy value is shown in
formula (5). After obtaining the entropy value Hj, the
objective weight ωj of the grading index can be obtained
by formula (6):

Hj � −
1

ln m


m

i�1

yij


m
i�1 yij

ln
yij


m
i�1 yij

, (5)

ωj �
1 − Hj

n − 
n
j�1 Hj

. (6)

,e objective weight ωj of each grading index is obtained
by the entropy weight method. Combined with the sub-
jective weight μj of each grading index obtained by AHP in
the previous section, the final combined weight Vj of each
index is obtained by the Lagrange multiplier method. ,e
formula of Vj is as follows:

vj �
ujωj 

0.5


m
j�1 ujωj 

0.5. (7)

2.2.3. �eory of Cloud Model. ,e cloud model was first
proposed by Li and Shi in 1995 [24]. It is a mathematical
model to deal with the conversion of quantitative nu-
merical value and qualitative concept uncertainty. It can
effectively solve the problem of fuzzy concept quantifi-
cation and has been widely used in various fields. In the

grading of rock mass fracturing caused by CO2 phase
change, semiquantitative and semiqualitative analysis
methods are mostly used, and subjective factors are in-
evitably involved in the qualitative description of rock
blasting characteristics. ,erefore, the cloud model theory
is used to analyze the complexity and fuzziness of the
classification of rock mass fracturing caused by CO2 phase
change, which has excellent applicability. ,e theoretical
principles of the cloud model are as follows:

(1) Definition of cloud: suppose X is a quantitative set
represented by precise values, X � {x}, called do-
main. Any element x in the set has a stable number
μc(x), called the degree of membership of x to C,
where C is called the fuzzy set in the universe of set
X. ,e distribution of the membership degree on X
is called the membership cloud. ,e membership
cloud generator generates a membership degree
for each element x in the universe of discourse,
called a cloud drop, denoted by (x, μc(x)). In the
process of data processing of fuzzy sets, the degree
of membership corresponding to x in the universe
of discourse is not fixed, but its changes will not
change the overall characteristics of the mem-
bership cloud.

(2) Digital characteristics of the cloud: the core of the
cloud model is to construct a cloud generator and
realize the mapping between qualitative and quan-
titative digital feature values through the generator,
reflecting the quantitative features of qualitative
concepts. ,e cloud generator is divided into two
forms: the forward and the backward cloud gener-
ators. ,e forward cloud generator uses the digital
characteristics of the cloud: expectation Ex, entropy
En, and hyperentropy He to produce membership
degrees corresponding to different values of evalu-
ation indicators, namely, cloud drops. ,e backward
cloud generator is opposite to the forward cloud
generator. According to the distribution of n cloud
droplets in the cloud, the digital feature expectation
Ex, entropy En, and hyperentropyHe are determined.
,is paper uses a forward cloud generator to gen-
erate a cloud model, and the expected curve of its
subordinate cloud is approximately a normal dis-
tribution, as shown in Figure 3. Expectation Ex is the
domain value corresponding to the area centroid in
the cloud model diagram, which expresses the

Table 1: Numerical scales of factor contribution.

Numerical scales Meaning and explanation
1 Comparing the two factors, the target factor is as important as the comparison factor
3 Comparing the two factors, the target factor and the comparison factor are slightly more important
5 Comparing the two factors, the target factor and the comparison factor are strongly important

7 On comparison of two factors, the target factor and the comparison factor are more strongly
important

9 On comparison of two factors, the target factor and the comparison factor are extremely important
2, 4, 6, 8 ,e intermediate values reflect an intermediate position of importance
Reciprocals (i.e., 1, 1/3, 1/5, . . ., 1/9) ,e reciprocal number reflects the reverse comparison positions of the above
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average value of the fuzzy concept. Entropy En
represents the range of the evaluated index and also
reflects the fuzziness and randomness of the evalu-
ated index. ,e smaller the En, the smaller the
fuzziness and randomness of the evaluation index.
Hyperentropy He is the uncertainty measure of
entropy, which describes the degree of dispersion of
cloud drops in the curve.

In each grade of fracture ability, the evaluation index is a
quantitative range, which has upper and lower limits (Cmin,
Cmax), and the characteristic values of expectation Ex, en-
tropy En, and hyperentropy He can be calculated by the
following formula:

Ex � Cmin + Cmax( /2

En � Cmax − Cmin( /2

He � k

⎧⎪⎪⎨

⎪⎪⎩
, (8)

where Cmax and Cmin are the maximum and minimum
boundary values of the corresponding grade standard, re-
spectively, and k is constant, which is taken according to the
stability of the evaluation index.

,e fracture ability classification of rock mass adopts a
forward cloud generator, and the expected curve formed by
n cloud droplets generated by the forward cloud generator
satisfies the normal distribution (x, μc(x)), which is defined
as

μC(x) � e
− xi− Ex( )

2/2 En′( )
2( 

, (9)

where μc(x) is the degree of certainty; xi is the variable
value; Ex is the expectation; and En’ is the entropy,
En’∼N(En, He

2).
According to the definition of the forward cloud

generator, the specific steps to generate a normal cloud
model are as follows: firstly, a normal random number xi
with expected value Ex and standard deviation En is
generated. Secondly, a normal random number En´ with
expected value En and standard deviation He is generated.
,en, (x, μc(x)) is substituted as the cloud drop into
equation (9). Afterwards, the above steps are repeated

until n cloud drops are generated. Finally, the forward
cloud generator is used to generate a normal cloud
model.

3. Rock Mass Fracturing Classification Model
Based on AHP–EWM and the Cloud Model

3.1. Fracture Ability Classification Index. Reasonable selec-
tion of rock mass fracturing index is the prerequisite for
establishing the classification model. In the process of CO2
phase transformation, the rock breaking effect is controlled
by the physical and mechanical properties of the rock, the
geological structure characteristics of the rock mass, and
other factors. ,erefore, there are many indicators that can
be used to reflect the fracturing evaluation of the rock mass.
,is paper refers to the evaluation indexes selected by the
relevant research on the explosive classification of existing
rock mass and considers that the selected evaluation indexes
should have the characteristics of low correlation, easy to
measure, and representative. After comprehensive consid-
eration, rock density, rock tensile strength, rock wave im-
pedance, and rock mass integrity coefficient are selected as
the classification indexes of rock mass fracture ability [25].

After selecting the evaluation index of the fracture ability
of the rock mass, the classification standard of each index is
further determined. According to the CO2 phase change
fracturing effect in the field test and the parameter properties
of the on-site rock mass, combined with the classification
standard in the literature of related rock mass blasting
classification, the rock mass fracturing ability is divided into
5 grades [26–28]. ,e fracture ability classification standard
is shown in Table 2.

3.2. AHP–EWM to Determine the Weight. AHP was used to
compare the importance of each parameter in Table 2, re-
ferring to relevant blastability literature and experts to
evaluate the importance of each index and compare the
impact of each factor on the grading of rock mass fracturing
according to the evaluation criteria in Table 1. ,e degree of
importance and the comparison result of importance are
shown in Table 3.
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He
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En

Figure 3: Diagram of forward cloud generator.
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From Table 3, a judgment matrix A� (aij)n×n can be
obtained (aij represents the importance of the i-th index
relative to the j-th index, and n is the number of evaluation
indexes). ,e maximum eigenvalue λ of matrix A is cal-
culated by MATLAB. After that, the consistency of the
judgment matrix is tested by formulas (1) and (2). ,e
calculated CI value is 0.017, the CR value is 0.019< 0.1, and
the consistency of the matrix is within the recognized range,
so the evaluation of grading indicators is reasonable in
Table 3. And according to the calculation formula (3) of the
index weight of the analytic hierarchy process, the corre-
sponding weight of each index is obtained, as shown in
Table 4.

Table 4 shows the subjective weights of the grading
indicators determined by AHP. According to the
AHP–EWM comprehensive weight determination method,
the objective weights of the indicators need to be determined
by EWM. In this regard, in combination with related lit-
erature, five typical rock mass samples that are represen-
tative in classification are selected. ,e index parameters of
the samples are shown in Table 5.

According to Table 5, a data matrix X� (xij)m×n can be
constructed (xij represents the j-th index value of the i-th
sample, m is the number of samples, and n is the number of
evaluation indexes). According to formula (4), the matrix X
is normalized to obtain the matrix Y� (yij)m×n. ,en, the
entropy value and weight of each evaluation index are
calculated according to formulas (5) and (6), as shown in
Table 6.

According to the weights of each index in Tables 4 and 6,
combined with formula (7), the final combined weight of
each index is obtained, as shown in Table 7.

3.3. Building a Cloud Model. According to the rock mass
fracture ability classification evaluation index and the cloud
digital feature expectation Ex, entropy En, and hyperentropy
He calculation methods, the cloud digital feature calculation
method of the fracture ability classification evaluation index
can be obtained, as shown in Table 8. Among them, the
superentropyHe is 0.01. Combining the grading indexes and

standards in Table 2, the cloud digital characteristics cor-
responding to the grading evaluation indexes of rock mass
fracturing under CO2 phase change fracturing can be ob-
tained, as shown in Table 9.

,e cloud digital features of the evaluation indexes in
Table 9 are input into the forward cloud generator to
generate the cloud model of the membership degree cor-
responding to different indexes of rock mass crackability, as
shown in Figure 4.

When evaluating the fracturing grade of a rock mass in a
certain area, it is only needed to input the measured data of
each grading index of the rock mass into the forward cloud
generator, and the membership degree of each index of the
rock mass for the crackability of I∼V grades can be obtained.

,en, combined with the weight of each evaluation index
in Table 7, the comprehensive membership degree of the
rock mass with respect to the fracture ability of grades I∼V
can be obtained. ,e calculation formula is as shown in the
following formula:

Ui � 
m

j�1
μij(x)vj, (10)

where Ui is the comprehensive membership degree of the
rock mass to the i-th grade; μij(x) is the membership degree
of the rock mass to the j-th index in the i-th grade; and vj is
the weight of the corresponding evaluation index.

Finally, the fracturing grade of the rock mass can be
determined by comparing the magnitude of each Ui value.

i � max Ui|i � 1, 2, 3, 4, 5 , (11)

where the value of i is the fracturing grade corresponding to
the evaluated rock mass (1, 2, 3, 4, and 5, respectively,
represent Grade I, II, III, IV, and V).

4. Engineering Application Analysis

4.1. Research Area. In order to apply this classification
method to engineering practice, the K6 + 000−K8 + 000
and K13 + 000 −K15 + 393 sections of a reconstruction

Table 2: Numerical scales of factor contribution.

Fracture ability
grade

Rock mass density
(g·cm−3)

Tensile strength
(MPa)

Wave impedance of rock
(×106 kg·m−2·s−1)

Intactness index of
rock mass

Fracturing
description

Grade I <2.5 <8.0 <5.0 <0.05 Extremely easy to fracture
Grade II 2.5～2.8 8.0～13.0 5.0～8.0 0.05～0.35 Easy to fracture
Grade III 2.8～3.1 13.0～18.0 8.0～12.0 0.35～0.55 Medium
Grade IV 3.1～3.4 18.0～23.0 12.0～15.0 0.55～0.75 Hard to fracture
Grade V >3.4 >23.0 >15.0 >0.75 Extremely hard to fracture

Table 3: Comparison of the importance of each index of rock fracture ability classification.

Evaluation index Rock mass density Tensile strength Wave impedance of rock Intactness index of rock mass
Rock mass density 1 1/5 1/4 1/3
Tensile strength 5 1 2 3
Wave impedance of rock 4 1/2 1 2
Intactness index of rock mass 3 1/3 1/2 1
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project in Milin County, Linzhi City, Tibet, are taken as the
research objects of rock mass fracturing classification.
,ese two sections belong to the piedmont colluvial slope,
and the strata are dominated by quaternary loose colluvial
layer breccia and intercalated rocks. ,e main mineral
composition of strata rock mass is feldspar, quartz, and
hornblende, which have high compressive strength and
belong to hard rock. Commonly used mechanical exca-
vation methods cannot effectively destroy the rock mass, so
it is planned to use CO2 phase change fracturing technology
to break the rock. According to the strength, the rocks in
this project area can be divided into three types: feldspar
quartz sandstone (A), feldspar quartz fine sandstone (B),
and diorite (C). In order to determine the crackability
grades of the three types of rock masses in the construction
area of the project and to provide theoretical guidance for
the actual fracturing project, firstly, the three types of rock
masses in the construction area were sampled. ,e rock

samples are shown in Figure 5. Subsequently, an on-site
investigation of the engineering geological conditions of
the area was carried out; combined with the indoor test of
the rock samples obtained in the engineering area, the
parameters of the fracturing evaluation index of the rock
mass in the engineering area were obtained, as shown in
Table 10.

4.2. Research Area Analysis of Rock Fracture Ability in the
Engineering Area. By inputting the data from Table 10 into
the forward cloud model, the membership degree of each
evaluation index of nine rock mass samples in I∼V grade
rock masses can be obtained. According to Table 4, the
comprehensive weights of rock density, tensile strength,
wave impedance of rock, and intactness index of rock mass
are 0.1154, 0.3774, 0.2995, and 0.2077, respectively.
According to the membership degree calculation formula

Table 6: Entropy and weight obtained by EWM.

Grading index Rock mass density
(g·cm−3)

Tensile
strength (MPa)

Wave impedance of rock
(×106 kg·m−2·s−1)

Intactness index of rock
mass

Entropy 0.8438 0.7417 0.7296 0.7822
Weight 0.1730 0.2861 0.2995 0.2412

Table 7: Comprehensive weight of rock mass fracturing evaluation index.

Grading index Rock mass density
(g·cm−3)

Tensile
strength (MPa)

Wave impedance of rock
(×106 kg·m−2·s−1)

Intactness index of rock
mass

Weight 0.1154 0.3774 0.2995 0.2077

Table 8: Calculation method about digital characteristics of the cloud.

Fracture ability grade Range of evaluation indicators Expectation Ex Entropy En Hyperentropy He

Grade I (0, a) Ex1 � (0 + a)/2 En1 � (a− 0)/6 0.01
Grade II (a, b) Ex2 � (a+ b)/2 En2 � (b− a)/6 0.01
Grade III (b, c) Ex3 � (b+ c)/2 En3 � (c− b)/6 0.01
Grade IV (c, d) Ex4 � (c+ d)/2 En4 � (d− c)/6 0.01
Grade V (d, +∞) Ex5 � d En5 � En4 0.01

Table 4: Weight obtained by AHP.

Grading index Rock mass density
(g·cm−3)

Tensile
strength (MPa)

Wave impedance of rock
(×106 kg·m−2·s−1)

Intactness index of rock
mass

Weight 0.0729 0.4728 0.2844 0.1699

Table 5: Parameters of the sample rock mass.

Number of the rock
mass sample

Rock mass density
(g·cm−3)

Tensile strength
(MPa)

Wave impedance of rock
(×106 kg·m−2·s−1)

Intactness index of rock
mass

1 1.5 12 3 0.04
2 2.7 10 7 0.2
3 3.0 15 10 0.4
4 3.2 19 13 0.6
5 3.8 24 27 0.8
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Figure 4: Cloud model diagram of different graded indexes of rock mass fracturing. (a) Rock mass density. (b) Tensile strength. (c) Wave
impedance of rock. (d) Intactness index of rock mass.

Table 9: Cloud digital characteristics of fracture ability evaluation index.

Fracture ability grade
Rock mass density (g·cm−3) Tensile strength (MPa)

Ex En He Ex En He

Grade I 1.25 0.42 0.01 4.00 1.33 0.01
Grade II 2.65 0.05 0.01 10.50 0.83 0.01
Grade III 2.95 0.05 0.01 15.50 0.83 0.01
Grade IV 3.25 0.05 0.01 20.50 0.83 0.01
Grade V 3.40 0.05 0.01 23.00 0.83 0.01

Fracture ability grade Wave impedance of rock (×106 kg·m−2·s−1) Intactness index of rock mass
Ex En He Ex En He

Grade I 2.50 0.83 0.01 0.025 0.008 0.01
Grade II 6.50 0.50 0.01 0.20 0.05 0.01
Grade III 10.00 0.67 0.01 0.45 0.033 0.01
Grade IV 13.50 0.50 0.01 0.65 0.033 0.01
Grade V 15.00 0.50 0.01 0.75 0.033 0.01
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(10), the comprehensive membership degree of each rock
mass sample for different grades can be obtained, and the
results are shown in Table 11.

From the membership degree of different rock samples
in Table 11, the fracture ability grades of the three types of
rock masses in the engineering area are as follows: the grade
of the fracture ability of rock mass A (A1∼A3) is grade II,
that of rock mass B (B1∼B3) is grade III, and that of rock
mass C (C1∼C3) is grade IV. ,e rock mass in the con-
struction area is generally in the range of easy to fracture to
hard to fracture.

,rough AHP–EWM and the cloud model method, the
CO2 phase transformation rock breaking fracture ability clas-
sification of the rock in the engineering area is carried out, the
rock mass parameters of the engineering area are scientifically
and reliably analyzed, and the actual blasting work guidance is
provided for the regional blasting construction work.

5. Conclusions

,is paper puts forward the concept of rock mass fracturing
under the action of CO2 phase change rock breaking. On the
basis of the rockmass blastability classification theory, a CO2
phase change fracturing based on AHP–EWM and the cloud
model is proposed, and the classification method is applied
to a reconstruction project in Tibet. ,e main conclusions
obtained are as follows:

(1) Based on the classification theory of rock mass
blastability, AHP–EWM and cloud model classifi-
cation for rock mass fracturing were proposed,
which can effectively classify and evaluate rock mass
fracturing. Moreover, the method is simple and easy
to implement, overcomes the shortcomings of the
traditional grading method’s fixed evaluation mode,
and has strong applicability.

Table 10: Parameters of rock samples in the engineering area.

Rock samples Rock mass density
(g·cm−3)

Tensile
strength (MPa)

Wave impedance of rock
(×106 kg m−2 s−1)

Intactness index of rock
mass

A1 2.64 9.8 8.950
0.786A2 2.68 9.6 8.788

A3 2.65 10.1 8.984
B1 2.73 14.2 10.303

0.636B2 2.75 14.8 11.226
B3 2.71 15.1 11.062
C1 3.06 22.4 13.020

0.732C2 3.05 23.8 12.978
C3 3.06 23.6 12.491

Table 11: Fracture ability classification results of rock mass.

Rock samples
Comprehensive membership

Fracture ability grade
U1 U2 U3 U4 U5

A1 0.3357 0.6772 0.5012 0.3306 0.3654 Grade II
A2 0.2623 0.5969 0.4351 0.3439 0.2972 Grade II
A3 0.3173 0.6561 0.4614 0.4331 0.2941 Grade II
B1 0.0989 0.4975 0.7171 0.5158 0.2104 Grade III
B2 0.1474 0.3019 0.7991 0.3841 0.2017 Grade III
B3 0.1423 0.4314 0.8634 0.5538 0.2959 Grade III
C1 0.0501 0.1568 0.5479 0.8991 0.5712 Grade IV
C2 0.1478 0.1659 0.6010 0.8636 0.6599 Grade IV
C3 0.1087 0.2003 0.3251 0.7490 0.5879 Grade IV

(a) (b) (c)

Figure 5: Rock samples in the engineering area. (a) Rock sample A, (b) rock sample B, and (c) rock sample C.
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(2) When using AHP–EWM and the cloud model to
classify the rock mass, the classification evaluation
index of rockmass fracture ability is determined first.
,e subjective weight and objective weight are given
to the selected evaluation indexes by AHP and EWM,
and the combined weight is obtained by optimizing
the weights of the two by the Lagrange multiplier
method.,en, the cloudmodel of evaluation index is
established, and the membership degree of different
fracture grades corresponding to different grade
evaluation indexes of rock mass fracture ability is
determined by the digital characteristics of the cloud.
Finally, different final membership degrees are ob-
tained by using the product of the weight of eval-
uation index and the membership degree of each
index.

(3) ,e grading evaluation method is applied to the rock
mass in a reconstruction project in Milin County,
Tibet. ,e rock mass in the area is classified in terms
of fracture ability. It is obtained that the three main
rock masses in the area are fracturing relative to each
grade. Among the three types of rock mass, feldspar
quartz sandstone is divided into grade II, which is
easy to fracture rock mass; feldspar quartz fine
sandstone is divided into grade III, which belongs to
medium hard to fracturing rock mass; diorite is
divided into grade IV, which is difficult to the
fracture rock mass. ,is method provides scientific
guidance for engineering construction by classifying
the crackability of the rock mass.

Data Availability

All data, models, and codes generated or used during the
study appear in the submitted article.
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