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ABSTRACT

To explore the relationship between seepage coefficients of loose rock mass and mining unloading
undermining unloading, the calculation method of seepage of loose rock mass undermining unload-
ing is studied in depth. Weathered sandstone is used as a test sample, and a different size of axial
pressure is applied to the specimen so that the specimen is subjected to different external forces to
form different fissures of loose rock. The seepage-stress coupling model undermining unloading is
constructed, and the relationship between fracture permeability coefficient and fracture closure is ana-
lyzed. The results show that the back pressure is proportional to the permeability coefficient of a loose
rock mass. On this basis, according to the non-linear relationship between backpressure and frac-
ture width during the mining unloading process, the specimen cracks during the mining unloading
process are established. The relationship between the unloading permeability coefficient and mining
unloading capacity of the loose rock mass is obtained by the equation of opening capacity and unload-
ing capacity and the cubic law. The results show that the permeability coefficient increases slowly with
the increase of mining unloading. When mining unloading increases to 60%-80%, the permeability
coefficient increases rapidly. Moreover, the increase of mining unloading and pore water pressure of
loose rock will also lead to an increase of permeability coefficient, which can play a dangerous early
warning role in practical slope application.

Keywords: Mining unloading; Loose rock mass; Seepage calculation; Permeability coefficient; Fissures;

Cubic law

1. Introduction

The problems of rock slope sliding, mine water inrush,
surface subsidence and dam body instability in rock
mass engineering are not only related to the stress state of
Engineering structure, but also the role of water. Because
of rock characteristics and tectonic action, there are a large
number of cracks in a rock mass. These cracks form a com-
plex fracture network in the rock mass, which together with
rock blocks constitute a fractured rock mass [1]. Because
the overflow of cracks in the rock mass is easy to expand, it
becomes an important factor affecting the stability of engi-
neering structures. In recent years, due to the need for geo-
logical hazard prevention and engineering safety evaluation,
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a lot of work has been done on the coupling of seepage field
and stress field in the rock mass, and considerable progress
has been made. At present, the main hydraulic coupling
model of the rock mass is the equivalent continuum model.
There are more studies on the loading conditions, but less on
the unloading or excavation conditions.

Because of the complexity of rock mass structure, the seep-
age of the rock mass is highly heterogeneous and anisotropic;
rock mass fissure space is the main seepage channel of the
rock mass, and rock mass fissure is significantly affected by
stress environment. Therefore, the interaction between seep-
age and stress in the rock mass is a major feature of rock mass
seepage [2]. It is difficult to give a reasonable explanation for
this feature only by using the existing theory of groundwater
dynamics. Especially in recent years, the construction of large
reservoirs formed by high dams will have a great impact on
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the hydrological dynamics and groundwater in large areas.
When the reservoirs impound and discharge water and con-
centrated rainfall, the fluctuation of the groundwater level
will occur. Therefore, when the water level changes, the sta-
bility of the reservoir bank slope will also affect the safe oper-
ation of reservoirs. Landslides along reservoir banks are an
important factor in the safety of cities and towns downstream
[3]. Many scholars in China and abroad have studied the fail-
ure mechanism of this kind of slope. There are many studies
on soil slope. Because of the complexity of rock slope, there
are few studies. Especially when the water level is raked,
there are few studies on the changes in groundwater level
and seepage flow. But this problem is the key to the stability
of the reservoir bank slope. The key factors, its mechanism,
especially why it developed into a large-scale landslide, still
have many unknown points.

Accordingly, she proposed a lumped parameter model
and a continuum model, an equivalent continuum model, a
fracture network model and a dual medium model for the
coupling of seepage field and stress field in a rock mass. Lan
believes that because of the existence of cracks in the rock
mass, the change of groundwater level will change the pres-
sure of pore water in the rock mass, thus affecting the defor-
mation and failure of rock [4]. Under the human engineer-
ing activities, on the one hand, the excavation of the project
causes the unloading of the rock mass by mining, and at the
same time, the engineering load is applied on the rock mass,
changing the distribution of the stress field inside the rock
mass, affecting the structure of the rock mass, resulting in the
change of groundwater behavior and groundwater mechan-
ics characteristics in the rock mass [5]; on the other hand,
because of the emergence of engineering bodies, the condi-
tions of recharge, runoff, and discharge of regional or local
groundwater are changed, and the seepage field of ground-
water under artificial disturbance is formed. The strength,
scope and form of mechanical action of groundwater on
rock mass also change, which ultimately affects the stability
of rock mass [6-8]. In the mining process, many rock mass
deformations are related to the seepage pressure of ground-
water in the rock mass. Often, due to the interaction of min-
ing stress, in-situ stress and groundwater seepage force in
the mine, underground water inrush [9] occurs. The reason
is that the unloading effect of underground mining results
in the deformation of the rock mass increases the width of
cracks in the surrounding rock, changes the permeability of
rock mass, and changes the physical and mechanical proper-
ties of the rock mass, leading to accidents. In this paper, the
seepage calculation method of loose rock mass undermining
unloading is analyzed experimentally, and the relationship
between unloading permeability coefficient of loose rock
mass and mining unloading quantity is analyzed accurately.

Table 1
Basic physical and mechanical parameters of rock samples
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2. Materials and methods
2.1. Test subjects

The rock sample belongs to the Middle Jurassic, weath-
ered sandstone. The sample is cylindrical, with a diameter
of 39 mm and a height of 80 mm. The stress path adopted
in the test is to exert axial pressure on rock specimen to near
yield state, and then unload [10] to simulate various stress
effects experienced by rock slope undermining load [11]. The
basic physical and mechanical parameters of rock samples
are shown in Table 1.

2.2. Test method

Firstly, the specimen is subjected to axial pressure, which
gradually increases to a stress level of 1 MPa before fail-
ure, and remains unchanged for 30 min; then, the confining
pressure is 800 KPa (equivalent to the self-weight geotech-
nical pressure in the depth of 40 m). After 30 min, the rock
mass is stabilized for 30 min under this stress state, and a
certain water head is considered. With 100, 200 and 300 KPa,
the specimens were stabilized for 30 min, then the confining
pressure was unloaded, and the seepage rate was measured
simultaneously [12]. Each pole is unloaded at 100 KPa with a
time interval of 30 min.

As shown in Fig. 1, the permeability coefficient increases
with the increase of unloading capacity, but it does not
change much in the elastic stage of unloading; when the
plastic stage of unloading is entered, the permeability coeffi-
cient changes greatly, especially when the unloading capacity
reaches 80% of the ultimate unloading capacity, the permea-
bility coefficient increases rapidly [13,14]. It can be seen that
the plastic deformation of rock mass has a great influence on
the permeability coefficient. It shows that when rock mass
enters the unloading plastic stage, the micro-cracks formed
by unloading of rock mass have gradually become a smooth
seepage path. At the same time, it can be seen that the per-
meability coefficient is proportional to the unloading amount
when the pore water pressure is low [15]. With the increase
of pore water pressure, the permeability coefficient increases
greatly under the same unloading amount.

2.3. Coupled seepage-stress model undermining unloading

2.3.1. Effect of back pressure on the permeability coefficient of
loose rock mass

The main factors affecting seepage in loose rock mass
are porosity of rock mass and fracture width [16]. When the
external stress environment changes, the fissures of loose
rock mass will change, and then the permeability characteris-
tics of loose rock mass will change greatly.

Name of Poisson Modulus of Water Proportion Saturation Porosity/%
parameter ratio elasticity/GPa content/% density/g cm™
Numerical 0.34 0.489 10.1 2.656 2.265 22.84

value
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Fig. 1. Relation of permeability coefficient and unloading level
under different conditions.

Generally, the permeability of loose rock mass is dom-
inated by fissures, and the fissures are controlled by the
roughness and width of the fissures. At the same time, the
geometric roughness of the fissure surface is closely related
to the stress field. When the external force field changes, the
strength of the fissures is low and the deformation is large,
so the roughness and width of the fissure surface will fol-
low. Change [17] will lead to changes in fracture permeability
characteristics; on the other hand, when the osmotic pressure
is large, it will also have an impact on fracture mechanical
behavior.

For porous and fractured media, the permeability coeffi-
cient can be expressed as:

po Yol s Ag)’ )
12ps
Among them, s is the spacing of cracks; b is the opening
of cracks; A is the strain of vertical cracks; vy, is the gravity of
water, and p is the coefficient of fluid viscosity.
When the stress in the vertical direction of the fracture
changes to Ao, the total displacement is as follows:

Au=Au,+Au, = Sillas @)
: E k

n

Among them, Au is the total displacement, Au_is the pore
displacement, Au, is the fracture displacement, k, is the frac-
ture normal stiffness [18].

The fracture displacement vector is:

S

ko1
Au, :A({E+} 3)

The hydraulic permeability coefficient of a single frac-
ture is:

-1 3
ko 10a] S o
S

Since the width b of the fracture is b, <'s compared with
the spacing of the fracture, the upper formula can be changed to:

k= k0{1+A{k'£U}] ®)

After simplification, the upper form becomes:

AbY
k:ko[nbj (6)

0

Eq. (6) reflects the relationship between the fracture per-
meability coefficient and the fracture closure of loose rock
mass under backpressure, and the fracture closure is the
result of back pressure [19-22]. Therefore, Eq. (6) reflects
the effect of back pressure on the fracture permeability coef-
ficient, and the larger the fracture width of loose rock, the
larger the permeability coefficient.

2.3.2. Relationship between unloading permeability coefficient
and unloading quantity

For the stress loading process, the relationship between
macro-cracks and their multiple back pressures has been
studied by many scholars. For example, Goodman (1976)
proposed the relationship between backpressure and closure
of a single fracture surface [23-25]:

Ab ] "

6,=6,+Ro | ———
! "\ Ab, —Ab

Among them, o, is the backpressure of fracture surface;
o, is the initial back pressure of fracture surface; Ab is the
closure of fracture surface; Ab__ is the maximum closure of
fracture surface [26,27]. R and t are both experimental param-
eters and constant values.

By combining Eq. (7) with Eq. (6), the relationship
between permeability coefficient and stress variation under
loading can be obtained.

k I
k@AY ®

0

1

Among them, A= (Gn -o6,,/Ro, )7, and A is the material
constants of a loose rock mass.

Based on a series of studies on the permeability coeffi-
cient and backpressure of a single fracture, Barton considers
that roughness and width of the fracture surface will affect
the permeability coefficient for a single fracture surface.
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When the stress acts on a single fracture, the fracture surface
closes, and the size of the closure will affect the permeability
coefficient. Based on the experimental results, the relation-
ship between the backpressure and the fracture closure [28]
is obtained. On this basis, a hyperbolic model of the fracture
surface is proposed.

— )
o—BAb

a and 3 are experimental constants.

It can be seen from Fig. 1 that the variation curve of frac-
ture surface closure with normal stress is different in the pro-
cess of loading and unloading. There is a hysteretic effect in
the process of loading and unloading, that is, in the process
of loading and unloading, the closure of fracture surface in
the process of loading and unloading is different from that in
the process of unloading. There are differences in the open-
ing of the aggregate.

Because of the nonlinearity between stress and crack
width during unloading, the relationship equation between
crack opening and unloading is established.

n
6,=6.-Ro, [ 5 AbAbj (10)
-+
Then:
05 =0, _ R Ab (11)
G, b, +Ab

Among them, o, is the positive effective stress at a certain
time; o, is the initial positive effective stress at the fracture
surface; the variation of fracture surface opening is Ab; b is
the opening of fracture surface under the initial stress o ;
R and 1) are the test coefficients.

Thus, from Eq. (11), it can be obtained that:

(G/R)"b,,
1-(G/R)"

Ab = (12)

Among them, (=0, -0, /o, is the effective stress
unloading ratio.

Since the change of the permeability coefficient is mainly
caused by the change of fracture width, it is assumed that
the initial permeability coefficient of the rock mass is K and
the fracture width is b,. According to the law of cube [29,30],

there are:

ni

b3
K, =50 (13)
12ps
For loose rock mass, there are:
1 3
5 1
n
£= 1+A—b =1+ (G/R) = 1 (14)
K, b,

1=/ R (1—«;/1031]

Eq. (14) is the relationship between the unloading perme-
ability coefficient of loose rock mass and mining unloading.

3. Results
3.1. Survey of research areas

The unexploited slope as shown in Fig. 2 is the research
area, and the mechanical index of the slope is shown in
Table 2. The x, y and z of the whole coordinate system corre-
spond to the geographic normal east, normal north and ver-
tical upward respectively. The slope is 100 m long in East and
West, 20 m wide in South and north, and 50 m high in height.
There are two large faults in the slope. The width of one fault
is 0.1 m in East and West direction, the other is north and
south direction, and the dip angle is 30 degrees. These faults
are simulated as the main faults. There are also three groups
of orthogonal joints, which are perpendicular to the x, y and z
coordinate axes respectively. Because the permeability prin-
cipal axis coincides with the coordinate axis, the equivalent
continuum model is used to simulate the loose rock mass.
The three principal values of the equivalent permeability ten-
sor are 10 x 10°m/s, and the permeability principal directions
are parallel to the x, y and z coordinate axes.

3.2. Relationship between the permeability coefficient and unload-
ing under different back pressure

Table 3 is the test results of the permeability coefficient
and mining unloading under different backpressure. The
relationship between permeability coefficient and unloading
under different back pressure during the unloading process
of loose rock is shown in Fig. 3. From the graph, it can be
seen that with the increase of unloading amount, the perme-
ability coefficient increases slightly in the initial stage, but
when the unloading amount reaches 60%-80%, the perme-
ability coefficient increases rapidly. It shows that after the
unloading amount reaches 60%-80%, the micro-cracks in

Fig. 2. Overview of the research area.
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Table 2
Mechanical parameters of slope rock masses

Rock stratum Severe/KN m~ Modulus of Poisson ratio Cohesive Internal friction
elasticity/GPa force/MPa angle/(°)
Rock 27 21 0.18 1 40
Fault 2 10 0.23 0.5 40
Table 3
Test result of permeability during unloading
Pore pressure 100 KPa Pore pressure 200 KPa Pore pressure 300 KPa
Mining unloading Permeability Mining unloading  Permeability Mining unloading Permeability
capacity (100%) coefficient ratio capacity (100%) coefficient ratio capacity (100%) coefficient ratio
(k/ky) (/k,) (k/k,)
0.00 1.00 0.00 1.00 0.00 1.00
14.29 1.00 16.67 1.01 20.00 1.00
28.57 1.05 33.33 1.07 40.00 1.08
42.86 1.10 50.00 1.03 60.00 1.16
57.14 1.16 66.67 1.35 80.00 1.98
71.73 1.38 83.33 2.58 90.00 391
85.71 2.42 91.67 5.68 98.00 8.62
98.57 11.78 98.33 8.54 — —
the backpressure, the stronger the mutation of permeability
A coefficient. With the development of unloading, the differ-
e “:':Ihfll'-' ence between the highest and lowest permeability coefficient
e T/ T T zlllh_p: is about 10 times.
5= =e=essss=saas AP
o III:‘:;_ 3.3. Analysis of permeability coefficient change at a certain un-
_?r ke loading volume
-E L Table 4 shows the test results of the permeability coef-
A ficient of loose rock changing with pore pressure while
I o unloading quantity remains stable. Figs. 4a and b show the
R relationship curve between pore pressure and permeabil-
Y | ity coefficient in the process of loading and unloading pore
ST - water pressure under certain unloading quantity. It can be
] - seen from the graph that with the increase of pore water
= pressure, the permeability coefficient of rock also increases;
A =y when pore water pressure is unloaded, the permeability
ad [N TN SR NN NN N S R B coefficient of rock does not decrease along the original path,
Ot 1400 2000 3000 4000 50006000 HAD0 BR0O 20000 but forms a hysteretic loop composed of permeability coef-
Mining smlading capaeing 0%

Fig. 3. Relationship between the permeability coefficient and
unloading capacity of loose rock under different back pressure
during the unloading process.

loose rock mass have gradually expanded and connected,
forming a seepage channel, which makes the rock mass seep-
age. The permeability coefficient began to increase rapidly.
Comparing the test results of 100, 200, and 300 KPa with
backpressure, it is found that with the increase of backpres-
sure, the unloading amount required for the rapid increase
of permeability coefficient is smaller; when the backpressure
is low, there is no gradual increase process, that is, the lower

ficient; the permeability coefficient of pore water pressure
during unloading is lower than that under loading, which
is due to the change of pore water pressure. The change in
effective stress has a certain effect on the formation of rock
permeability. During the loading and unloading cycle of pore
water pressure, the cyclic change of effective stress exerted
on rock leads to that the final fracture width is smaller than
the original one, so after unloading of pore water pressure,
the permeability coefficient of rock cannot be restored to
the state before the change of water pressure. Comparing
the curves of 25% and 37.5% unloading capacity, it can be
seen that the higher the unloading capacity is, the faster the
permeability coefficient increases with the increase of pore
water pressure.
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Table 4
Test result of permeability during pore pressure loading and
unloading

Unloading capacity 25% Unloading capacity 37.5%
Backpressure Permeability =~ Backpressure Permeability
(KPa) coefficient (KPa) coefficient

ratio (k/k,) ratio (k/k,)
100+ 1.000 100+ 1.083
200+ 1.009 200+ 1.112
300+ 1.009 300+ 1.150
200- 1.005 200- 1.091
100- 0.968 100- 1.046
200+ 0.978 200+ 1.058
300+ 0.993 300+ 1.117
200- 0.965 200- 1.049
100- 0.914 100- 1.003
A
L0 = Unloading capacity 25%
| A f— —
R ] -
,i_' 0,98 f— Jr"/r'
5o
o = @
£ 096 —
%
R .
2
= oo
g 09—
£ ona
0,91 f=
1 | | |
e 1 200 00 .
Backpressure (KPa)
A
120t ()
LIE— Unloading capacily
L 375,
g T
=1
£ 114 f= /’”
2 112
=
=S W] =
Foros- /
% 146 f— /
g 1
=
LN =]
14—
L 1 1 | 1 >
i 160 200 300 A0Hy

Backpressure |KPa)

Fig. 4. Relationship curve between pore pressure and permeabil-
ity coefficient during loading and unloading of pore water pres-
sure at (a) 25% unloading capacity and (b) 37.5% unloading rate.

Fig. 5. General situation of mining area II.

3.4. Application effect analysis

Based on the above experimental results, the practical
application value of this method is analyzed. The accuracy
of seepage calculation of loose rock around the mining slope
is of great value to the mining of ore bodies. Therefore, two
mining areas are selected as the experimental research areas
in the experiment. The second survey is as follows: Xinli
mining area is located in Laizhou Bay. Coastal plain area, the
mining area is low-lying and flat, the elevation of the surface
is generally 1.2-4.5 m, Sanshan Island-Cangshang fault is the
ore-controlling structure in this area. The fault is located at
the west end of the Jiaodong gold mineralization concentra-
tion area. It starts from Sanshan Island in the north-east and
goes to Jiawuzi in the south-west. The two ends extend into
the Bohai Sea. The southwest end of the fault is exposed to
Furong Island after it enters the sea. The fault zone is only
partially exposed to the surface, most of which are covered
by the quaternary system. The land outcrop is about 12 km
long and 50 m to 200 m wide. It is S-shaped in-plane, with
an overall strike of 40° and a local strike of 70° to 80°. It tends
to SE with an inclination of 45° to 75°. The main fracture sur-
face is gentle and wavy. It belongs to a torsional fracture. The
main fracture surface develops a gray-black fault gouge of
50 to 100 mm. The lithology is yellow iron sericite granite.
Cracks are not well developed in the orebody. Cracks are
well developed in the roof rock mass of the orebody, most of
which are moist areas, and there are many dripping points
and some sprinkling points. The second general situation of
the mining area is shown in Fig. 5.

This paper analyses the validity of the seepage calcula-
tion method of loose rock mass undermining unloading.
To highlight the high application value of this method, the
permeability coefficient calculation method of well water
pumping test and the permeability coefficient calculation
method of coarse-grained soil based on pore size is used
as an experimental comparison, and the expert evaluation
method is used in the experiment. Applying the percentile
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Table 5
Evaluation of three methods in the first research area
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Research Method in this paper

location

Well water pumping test

Coarse-grained soil method based on
pore size

Security early Accuracy of Permeability Security

Accuracy Permeabil- Security Accuracy  Permeabil-

warning per- crack width of rocks early warn- of crack ity of rocks early warn-  of crack ity of rocks
formance calculation ing perfor-  width cal- ing perfor-  width cal-
mance culation mance culation

1 98.6 98.4 98.4 68.5 72.3 65.8 62.3 56.2 56.3
2 93.5 96.5 96.5 65.6 71.5 66.8 65.2 55.4 54.2
3 97.5 94.8 97.5 75.2 65.3 59.3 54.6 52.3 55.4
4 98.5 97.2 95.8 68.5 65.6 72.5 56.5 57.6 55.8
5 98.4 96.5 96.8 74.5 66.5 65.4 58.3 54.1 54.6
6 97.6 94.8 97.5 65.8 67.1 54.6 63.2 52.3 53.6
7 98.6 98.2 98.4 65.4 71.4 72.3 64.2 52.3 54.2
8 98.6 99.5 98.8 66.2 72.5 77.6 65.3 51.4 56.2
9 95.2 95.2 95.2 62.3 65.3 71.2 62.3 52.3 55.2
10 94.6 93.6 96.2 64.4 65.3 72.3 64.6 54.5 54.3
11 93.8 94.6 94.2 65.3 67.5 74.3 64.6 54.3 56.3
12 92.6 95.2 93.6 63.5 68.2 73.5 54.2. 55.4 52.1
13 94.5 92.3 94.5 64.2 71.2 74.5 57.3 52.4 54.3
14 95.6 92.3 95.6 65.3 65.3 68.5 58.3 55.4 57.2
15 97.7 96.9 97.5 68.7 69 66.8 61.2 53.9 55.2

system to evaluate the application effect of the three meth-
ods in the three research areas, eight loose rock areas in the
three research areas were selected to evaluate. The evalua-
tion factors include the safety warning performance of the
three methods, the accuracy of crack width calculation and
the permeability of the rock, and the experiments. The expert
evaluation results of the three methods in the three research
areas are described in Tables 5 and 6 respectively.

The results of Tables 5 and 6 show that the method has
good safety warning performance, crack width calculation
accuracy and rock permeability in the study area. The expert
evaluation score is above 90, but the calculation method of
permeability coefficient in well water pumping test and the
calculation of the permeability coefficient of coarse-grained
soil based on pore size is better. The safety early warning
performance, crack width calculation accuracy and rock per-
meability score of the first application area of the method are
much lower than those of the method in this paper. It shows
that the method in this paper has good practical effect and
can play an early warning role for the safety of the research
area, and the calculated crack width value is accurate and
the estimation effect of rock permeability is good. It is a
high-quality permeability calculation method.

4. Discussions

In this paper, the cylindrical weathered sandstone is
taken as the test object, and the Fenghua rock is formed
into a loose rock by loading different axial pressures on the
specimen. The seepage-stress coupling model undermining
unloading is used to analyze the influence of back pressure
on the permeability coefficient of loose rock mass and the

relationship between unloading permeability coefficient and
unloading quantity. The permeability coefficient and mining
of loose rock are obtained. The experimental results show
that the permeability coefficient of loose rock increases rap-
idly when the mining unloading amount reaches 60%-80%.
At this time, the micro-cracks in loose rock mass expand and
connect to form seepage channels, so the permeability coef-
ficient begins to increase rapidly. The experimental results
under different back pressures show that with the increase
of backpressure, the permeability coefficient increases, but
the unloading capacity is small. When the unloading quan-
tity is constant, the pore water pressure increases and the
permeability coefficient increases. Compared with the Figs.
4a and b of 25% and 37.5% unloading quantity, it can be
seen that the higher the unloading quantity is, the faster the
permeability coefficient increases with the increase of pore
water pressure.

Coupled analysis of the stress field and seepage field in
loose rock mass undermining unloading is a huge and com-
plex research project, which involves many disciplines. This
paper has only done a small part of exploration work based
on the previous research results, and some conclusions need
to be further verified and developed in the future. Combining
with the work of this paper, the following problems can be
studied emphatically: this paper considers the permeability
characteristics of mining unloading loose rock mass under
the condition of crack, while the permeability characteristics
of unloading rock mass under the condition of multi-crack
or even fracture network need to be further studied; because
of the limitation of conditions, it is impossible to obtain the
rock fracture in the process of seepage test. The evolution of
the gap in a direction that needs to be studied in the future.
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Table 6
Evaluation of three methods applied in the second research area

161

Research Method in this paper Well water pumping test Coarse-grained soil method based on

location pore size
Security early Accuracy of Permea- Security early Accuracy of Permea- Security early Accuracy of Permea-
warning per- crack width  bility of warning per- crack width bility of warning per- crack width bility of
formance calculation  rocks formance calculation rocks  formance calculation rocks

1 99.2 99.5 99.9 65.2 54.2 52.3 62.5 63.2 62.3

2 98.6 99.4 99.8 63.5 53.6 54.2 63.5 62.5 65.3

3 99.6 99.5 99.6 64.1 51.6 55.3 64.5 64.5 64.5

4 99.5 99.7 99.7 52.3 55.3 51.2 65.2 68.5 63.5

5 99.2 99.1 99.8 62.5 55.2 53.6 66.1 63.5 61.5

6 99.3 99.2 99.5 54.6 56.2 52.1 62.3 64.2 64.5

7 99.5 99.2 99.6 53.6 54.7 54.5 65.3 63.5 62.3

8 99.7 99.2 99.7 51.4 55.3 57.2 66.2 64.5 65.3

9 99.2 99.5 99.2 52.3 54.2 52.4 62.5 65.4 62.3

10 99.0 99.4 99.5 55.4 53.1 54.7 64.5 63.5 64.2

11 99.1 99.7 99.4 51.3 55.6 56.2 62.3 66.4 67.1

12 99.5 99.3 99.6 52.3 55.7 58.3 63.5 62.5 62.3

13 99.6 99.5 99.8 5.6 55.8 54.6 65.3 66.2 63.5

14 94.5 99.0 99.2 54.6 52.3 51.2 65.4 63.5 66.5

15 99.3 99.3 99.7 58.4 54.5 53.8 64.5 64.3 63.7

5. Conclusions

At present, the study of seepage in the rock mass is still
based on loading rock mechanics, but different rock mass
engineering has different mechanical conditions. Under
different mechanical conditions, rock mass has different
mechanical properties. Therefore, for engineering which
belongs to unloading mechanics in the mechanical category,
the method of loading rock mechanics in advance is also used.
It is very difficult to solve practical engineering problems,
but it may also cause huge losses to the project. Therefore,
for the study of seepage in unloaded rock mass engineering,
the relationship between unloading mechanics and seepage
mechanics should be further clarified by considering the
influence of normal or tangential forces on the fracture sur-
face of unloaded rock mass and coupling method between
unloading mechanics and seepage mechanics. Therefore, the
coupling model of the seepage field and unloading stress
field in the loose rock mass is established based on the combi-
nation of field data acquisition, theoretical analysis and sim-
ulation test, theoretical analysis as a means, simulation test as
verification and correction of the technical route.
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