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Abstract: 
There are widespread distributions and seepage of groundwater in rock fractures. Seepage conditions in the fractures can be affected by stress conditions. Theoretical model is suggested based on rock fracture seepage problem in two dimensional space. Combined with the mass conversion equation, Euler fluid flow equation and rock deformation equation the functions of seepage pressure have been deduced. The functions of seepage pressure with the surrounding rock are nonlinear second order partial differential equations of space-time. It is analyzed by differential simulation and parameters effects on seepage are presented. As the elastic modulus of rock increases, the deformation of surrounding rock becomes smaller, which indicates that the seepage in soft rock is greatly affected by the deformation of surrounding rock. The deformation of surrounding rock becomes larger with the increase of crack analysis length, which indicates that the deformation of surrounding rock has more effect in long crack seepage than in short crack seepage. With the increase of the rock width, the effect of the surrounding rock deformation on the seepage becomes smaller, which indicates that the shallower the buried depth, the greater the effect. For the initial crack scale of different scales, the smaller the initial crack, the more obvious the effect of surrounding rock deformation on seepage.  
Keywords: Seepage pressure; theoretical model; fracture; rock deformation

1. Introduction
Many balance equations in the physical world are theoretical model analysis, such as wave propagation( Gimperlein et al., 2019), spring vibration(Dhote et al., 2018). The geophysical parameters of the ground water permeability balance in the rock fissure are designed(Horst et al., 2019; Mo et al., 2019). Many experimental results have summarized the rock fracture permeability laws(Sander et al., 2003; Schorghofer et al., 2003; Garey et al., 2007; Boutt et al., 2009; Ma et al.2013; Farough et al., 2015; Rittgers et al., 2018). Often these results are collected dynamically(Vogler et al, 2016). Under the condition of a fixed flow rate, the monitoring osmotic pressure is regular(Li et al., 2014; Chen et al., 2015). This indicates that the equilibrium condition of rock fissure water seepage is dynamic stability or fluctuates within a certain range(Yi and Stewart, 2018; Jacobson et al., 2019). The theoretical model needs to be analyzed in combination with the geological conditions to which it belongs considering with the law of seepage(Chen and Horne, 2006; Radilla et al., 2013). It is difficult to depict the deformation of rock under the action of groundwater seepage and water pressure, and whether its deformation cause the change of groundwater seepage(Al-Shayea, 2004). low through each single fracture must first be understood and then  how a non-Newtonian fluid flows through fracture networks can be understood(Federico,1998.). The equivalent aperture is dopted in the past for a deterministic aperture variation(Zimmerman et al., 1991). The ‘hydraulic aperture’ is defined as the equivalent parallel plate aperture with a given volumetric flux under anassigned pressure gradient (Brown, 1989; Silliman, 1989; Zimmerman and Bodvarsson, 1996). In this paper, the water seepage model of rock fissures is combined with the rock deformation analysis of the interaction between rock and water under the condition of water pressure, which involves the fluid-solid coupling model. The related results are also applied in the liquid transmission of other pipelines, such as the interaction between oil and pipelines in oil pipelines(Cheuk et al., 2007), and the interaction between blood and blood vessels. However, the theoretical results of many of the above applications do not reveal the dynamic flow equilibrium law of liquid. On this basis, this paper combines the seepage equilibrium condition and permeability law of groundwater in rock mass fracture. Seepage problems are analyzed by two dimensional model. Combined with the change of groundwater seepage channel under rock deformation condition, the relative equilibrium equation of seepage considering rock deformation under single fracture condition is established, which can be used for solving the seepage changes. It can effectively analyze the seepage law of fracture water with considering the surrounding rock deformation. And the effects on seepage of parameters have been analyzed.

2. Theoretical model
















For theoretical Analysis of two-dimension Seepage through fracture considering with the surrounding rock displacement the model is depicted as shown in fig.1. The finite element  is taken as analysis object. Fracture width is . The length is and the width is . Because of the water injection process, it is assumed that the water will always fill the fracture space. The density of fluid is . At the time of  the fluid is filling the boundary of  with the inlet speed of .  Outlet speed is .  Inlet pressure is  and outlet pressure is .  At time of   the seepage boundary is  and fracture width is . So the surrounding rock boundary changes for the fluid pressure. Rock deformation is completely elastic and the elastic modulus is .  is the poisson ratio. The rock is fixed around it. The fluid seepage through fracture can be analyzed by the change process. 

3. Theoretical Analysis of dynamic equilibrium
3.1 Mass Conversation equation：
As shown in the fig.1 the inlet mass of fluid can be written as:

(1)
For outlet mass is 

(2)
So mass change is 

(3)

(4)

(5-1)

(5-2)
3.2 Euler fluid flow equation
Differential equation of Euler fluid flow equation can be written as:

(6-1)
And the Eq.(6-1) can be changed into:

(6-2)
3.3 Rock deformation 












The fracture is surrounded by the same two rock masses. When the fluid seepage pressure changes the surrounding rock will occur corresponding elastic mechanics deformation. The fig.2 has shown the deformation of rock under the seepage pressure from the value of  to  for one side rock.  At the time of  the fluid seepage pressure is  and the fracture width is  . At the time of  the fluid seepage is and the fracture width is  . The width of the rock around the corresponding ground has also changed from  to . So  can be the displacement solution for two-dimensional plate subjected to concentrated force. According to elasticity mechanics, the stress distribution is stable and can be linearly superimposed. So the displacement at the position of   can be depicted as

(7)
Due to seepage pressure, according to Kirchhoff assumption the deformation stress function of rock can be assumed to be as: 





(8)
Where  is the stress function.  and  are the functions about .

      (9)

(10)
Combined with Eq.(9) and (10), we can get:

(11)

(12)



,  and  are the stress components.
Physical equations are :

(13)



,  and  are the strain components.
geometric equations are :

(14)


The  and  are the displacement for the rock.  
The integrated analysis equations (12) (13) (14) can be obtained:

  (15)


Where  and  are the displacements for x and y directions. The surrounding rock are fixed. The determined constants can be obtained from the shear stress boundary conditions and symmetric relations as:
[image: ](16-1)

(16-2)

(16-3)

The elastic displacement solution at the position of  for the surrounding rock can be expressed as(Artan, 1996; Milyayev, 2002; Xu, 2013):


(17)

(18)



  can be defined as displacement distribution efficient and second derivative of  with respect to time  can be expressed as:

(19)
Combined with Eq.17 and Eq.18 the relationship functions of seepage pressure can be 

(20-1)

(20-2)




So Eq.20 are the control equations of the seepage pressure and displacement of surrounding rock. According to Eq.6 the seepage velocity can also be deduced. This is a solution of the dependent variable and about independent variable  and  nonlinear second-order partial differential equation. Analytical solution is very difficult to determine and can be simulated by the numerical calculation analysis. The difference formula can be expressed as follows:

(21)

(22)


Where and  are the space step size and time step size. 
4. The example and discussions
4.1 The Example 

Many scholars have carried out related rock fracture seepage tests (Zimmerman et al., 1992; Brush and Thomson, 2003; Tan, et al., 2008; 2009; Qian et al., 2011a; 2011b; 2011c; Zhang and Nemcik, 2013 ). Most of tests have been analyzed based on fluid seepage theory including: Darcy’s Law, Forchheimer flow, Izbash’s law and Navier-stokes equations. These theories have been valid for fluid flow without considering the surrounding rock fracture changes. One example conditions are shown in table 1. Inlet pressure is constant of 1MPa. Combined with the Eq.22 the seepage pressure and displacement has been analyzed in fig.3. The seepage pressure caused the deformation of surrounding rock. The seepage pressure decreases as the flow distance and meets the theoretical osmotic pressure distribution. At different positions of the  axis the boundary displacement distributions (curve in red) are different and the maximum is 1.14×10-5m for this example. It is about 1.90 percents of the fracture. The cubic law is:

(23)




Where  is the flow rate,  is a constant and  is the fracture aperture. So for straight seepage of the example the maximum increase of  is about 5.81 percents which cannot be neglected for calculating the seepage volume. The seepage rate is affected by the rock deformation when the seepage pressure loads function on the rock. These effects have not been pay attention to because many researchers have focused on seepage regularities( Zimmerman 2015; Draebing et al., 2017; Zhou, & Zhan , 2017; Pushpi et al., 2019). For large fracture the low seepage pressure may cause negligible effects on the fracture aperture. For tiny fracture the high seepage pressure can even lead to the fracture aperture into several times of origin fracture width. 
4.2 Effects of parameters
   Different parameters have effects on the seepage though fractures. The deformation is affected by the seepage pressure, rock dimensions and parameters. 
   As the rock elastic modulus changes, the rock deformation shapes are different. For the above example the calculating elastic modulus changes from 1×1010Pa to 8×1010Pa, the deformation shapes are shown in fig.4. For the elastic modulus of 1×1010Pa which can be used to simulate the soft rock the deformation shape is protruding. It means the seepage pressure has great effects on the rock. For the elastic modulus of 8×1010Pa which can be used to simulate the hard rock the deformation shape is flat. The rock deformation values for the elastic modulus of 8×1010Pa are much smaller than the elastic modulus of 1×1010Pa. The corresponding positions of deformation maximums are nearly the same. The deformation maximums and effects on the seepage are shown in table 2. When the elastic modulus is of 8×1010Pa, maximum flow increase is about 11.78%. It shows that the fracture deformation has great influence on the seepage. From the table 2 the maximum flow increase is inversely proportional to the rock elastic modulus.


   As the rock length changes, the rock deformation shapes are different. For the above example the calculating rock length changes from 0.10m to 0.20m, the deformation shapes are shown in fig.5. For the rock length of 0.10m which can be used to simulate the short rock fracture the deformation shape is flat. It means the seepage pressure has smaller effects on the rock. For the elastic modulus of 0.20m which can be used to simulate the long rock fracture the deformation shape is protruding. The rock deformation values for the rock length of 1×10-3m are much smaller than the rock length of 0.20m. The corresponding positions of deformation maximums are different. The deformation maximums and effects on the seepage are shown in table 3. When the rock length is of 0.20m, maximum flow increase is about 60.86%. It shows that the fracture deformation has great influence on the seepage. From the table 3 the maximum flow rate increase as the rock fracture length increases.

As the rock width changes, the rock deformation shapes are different. For the above example the calculating rock width changes from 0.05m to 0.10m, the deformation shapes are shown in fig.6. For the rock width of 0.10m which can be used to simulate the rock fracture which is near the rock face. But the seepage pressure has larger effects on the rock. For the elastic modulus of 0.10m which can be used to simulate the deep buried fracture the deformation shape is flat. The rock deformation values for the rock length of 0.05m are much larger than the rock length of 0.10m. The corresponding positions of deformation maximums are the same. The deformation maximums and effects on the seepage are shown in table 4. When the rock width is of 0.05m, maximum flow increase is about 60.86%. It shows that the fracture deformation has great influence on the seepage. From the table 4 the maximum flow decreases as the rock fracture length increases. 


The initial fracture aperture  must have important effects on the seepage. For the above example if the dimensions of  increases, the deformation effects of surrounding rock must be decreased. For the initial fracture aperture changes from 0.6×10-3m to 1.2×10-3m, Deformation maximums and effects on the seepage are shown in table 5. As the initial fracture aperture increases the ratio of fracture aperture for deformation decreases. When the initial fracture aperture is below 10-5m, the surrounding rock deformation must have great effects on the seepage. When the initial fracture aperture is above 10-3m, the surrounding rock deformation must have very few effects on the seepage. 
5. Test validation
  Using the above research results, we can analyze the fluid-solid coupling problem caused by seepage of fractured water under different conditions, and get the deformation of rock around seepage. Previous studies have often equivalent the crack width to a uniform width(Silliman,1989; Zimmerman et al., 1991 Gelhar, 1993). Experimental study on seepage and stress of single-fracture has been done(Qian at al., 2005;Zhao, et al., 2017; Zhang et al.,2019;). But few tests have been conducted to test rock deformation and displacement due to water pressure. Bauget focused on the dispersion process in a transparent replica of a real single fracture. And  the aperture histogram was shown in fig.7. The deformation shape of aperture was the same ditributions which could valid the theory analysis. Based on the influence of rock deformation on the seepage of cracks, a lot of experimental studies are still needed, especially the slender cracks around the soft rock, and the effect can not be ignored.

6. Conclusions
Based on the seepage condition of rock fracture, the displacement model of rock under water pressure is analyzed, and the governing equation of surrounding rock deformation and seepage under rock seepage condition is established. It is second-order partial differential equation of osmotic pressure on time and space nonlinearity. The spatial time distribution of the osmotic pressure under the specific seepage pressure condition can be obtained by using the differential analysis of the example. And the width variation of the fracture can also be solved. Seepage velocity distribution of the rock can be obtained. It is of great theoretical significance to solve the problem that high permeability pressure affects the deformation displacement of surrounding rock mass. Fracture is in control of water pressure and displacement analysis of the rock. The interaction theory of middle water rock with rock fissure flow is established, which can provide theoretical support for rock fissure water engineering problems, such as water seepage problem in mine, shale hydraulic fracturing problem. Through Eq.20 the seepage problem can be depicted with the rock deformation, especially for slender fracture and high seepage pressure. Also the rock displacement of seepage pressure can be estimated and the the safety of surrounding rock can be judged. The fracture aperture is affected for different dimension ranges. So the seepage permeability for the aperture change can be calculated.  
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