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Abstract: Fluid in rock fractures always continually induces geo-catastrophe in water-rock system engineering. 

Intuitively observing fluid in fractures is the key method to reveal interaction mechanism of the water-rock under 

different engineering background, and provide some insights for solving engineering issues. This study proposes 

the visual method of fluid in rock fractures using enhanced X-ray image digital radiography (EXIDR), and carries 

out the coupled hydro-mechanical tests on the basis of the material scale of carbonate rocks, red bed mudstone 

(RBM) and coals. The experimental results show the transition mechanism of pipe flow (PF) to fissure flow (FF) 

during carbonate rock failures. The flow regime has undergone an evolution process from laminar flow to turbulent 

flow, also of this change with the fractal characteristics of PF-FF in carbonate rocks under multilevel stress loading. 

Also, the damage coefficient of RBM under coupled hydrodynamics and multilevel stress loading is non-linearly 

increasing. Therefore, the initial permeability of RBM under hydrodynamics is significant for geo-hazards 

prevention in the engineering, which are induced by the seepage and diffusion effects. Besides, the mean square 

flow (MSF) describes the flow rate varies as the fracture growth and extension, i.e. the fractional exponential 

evolution law that has a transition changes from super-diffusion flow to sub-diffusion flow. This indicates that fluid 

in fractures show the double behaviors of anomalous diffusion and nonlinear flow during coal and rock failures. 

Keywords: fluid in rock fractures enhanced X-ray imaging of digital radiography (EXIDR), pipe rupture, seepage 

and diffusion, mean square flow. 

1. Introduction 

The water-rock interaction theory that between geological structures and geofluids is a fundamental problem 

in many engineering fields with respect to the engineering geology, hydraulic engineering and mining et al, more 

specifically, Karst mountain instabilities (Adji and Bahtiar 2016; Gao et al. 2020), groundwater bursting in the coal 

mine (Wu et al. 2004; Yao et al. 2016), and landslides in RBM regions (Zhang et al. 2015), etc. These disasters all 

have the common scientific problems relating to the seepage and defects of rocks. It is a challenge tasks of rock 

mechanics that intuitively observing behavior of rock deformation, disruption and seepage. That is also the 

inevitable development of transparent geology in the study area of the Earth Science and Technology. In recent 

years, some theoretical and technical research make progress aspects of in-situ stress field, fracture field and 

seepage field of visualization technologies, such as 3D printing (Watson et al. 2019; Zhu et al. 2018), stress 

freezing (Ju et al. 2021), fractal reconstruction (Zhou and Xiao 2018, 2019), and nuclear magnetic resonance (NMR) 

(Zhao et al. 2010). Many published results of fluids in fractures focus on the Darcy or non-Darcy laws (Wang et al. 

2016), cubic laws (Liu et al. 2017; Xie et al. 2015) and its modifications (Wang et al. 2018), Forchheimer Equation 

of fracture networks seepage and numerical simulations (Xiong et al. 2019; 2020). The surface roughness of 

fractures is very complex with the aperture variability, and it is not applicable for the more precision requirements. 

Therefore, it is the previous task of quantitatively describing flow in rock fractures that the roughness degree and 

the geometric irregularity of fractures (Barton et al. 1985). Fractal dimension is a mathematical index to quantify 

the complexity of rock fractures (Ghosh and Daemen 1993). In this regard, Ju et al. (2013) put forward the fractal 

permeability coefficient of single rough fracture and established the quantitative relationship between the fractal 

dimension of single rock fracture and its hydro-property. In regard to rock structure, fracture networks, 

hydro-conductivity of fracture, damage and seepage of rocks (Shahbazi et al. 2020; Sun et al. 2020b), Chen et al. 

(2014) proposed the hydraulic model coupled of non-linear deformation and unsteady seepage of rocks. Liu et al. 



(2008) put forward a coupled model of seepage-stress on the basis of discontinuous deformation and discrete 

fracture networks. However, flow rate of rock fractures would be an inertial range with the crack propagation, 

damage intensifying and flow velocity increasing gradually (Xiong et al. 2019; 2020). Meanwhile, the cubic law is 

inapplicable for describing fracture flow (Lavrov 2014; Zimmerman and Bodvarsson 1996). Forchheimer equation 

is proposed to describe the nonlinear relationship between flow velocity and pressure gradient , i. e. −∇P = AQ +BQ2, where A is the coefficient of linear flow and B is the coefficient of nonlinear flow (Rong et al. 2017). A and B 

all are related to fracture roughness, geometry and so on. In this regard, Rong et al. (2018) presents the hydro-rock 

coupling model of fracture and shear deformation based on the Forchheimer equation. Liu et al. (2020) carried out 

the related theoretical and numerical simulation on nonlinear flow mechanism of fracture network in deep rocks. 

The evolution of seepage behavior in rock mass is closely related to the damage parameters. The seepage coupled 

damage model can be used to effectively evaluate the stability of rock mass in the engineering (Wang et al. 2015). 

In fact, geofluids flows always show the dual mechanical behavior of non-linear flow and anomalous diffusion 

phenomenon together with the growth and extension of rock fractures (Chechkin et al. 2005; Raghavan 2011; Wang 

et al. 2019). This is the essential reason of the non-linear catastrophe that induced by fluid flow in fractures during 

excavation engineering of water-rock system. 

The X-ray radiography has greatly promoted the further development in all aspects of study fields. The 

commonly used medical or industrial X-ray computer tomography (CT) scanning (Hirono et al. 2003), and its 

post-processing systems can vividly realize three-dimensional reconstruction for the real internal structures using 

volume data and algorithms. Therefore, the reconstruction mainly relies on the volume data obtained from X-ray 

CT scanning, which is the fundamental prerequisite for visualizing fracture and fluid media in rocks. On the basis 

of this principle, this study proposes a new method of using medical cardiovascular and enhanced X-ray imaging 

digital radiography to observe the water medium replaced by injecting contrast agent or iodine agent in rock 

fractures. Then, X-ray images of fluids in rock fractures can be printed, which provides data basis for further to 

study on the hydro-mechanics interaction with rock failures. Hence, samples of carbonate rocks, RBM and coal are 

separately carried out to test hydro-properties differences of rock materials. Experimental data of stress, acoustic 

emission (AE), water flow rate and X-ray images can be achieved. On the basis of these data, fluid catastrophe in 

different rock engineering would be recognized with analyzing the dual mechanical behaviors of fluids flow and 

anomalous diffusion. This will provide some new ideas and guidance for geofluids catastrophe and geo-disasters 

prevention. 

2. Fluid visualization in rock fractures using EXIDR 

2.1 Loading device matching with the X-ray CT or DR system 

In order to continuously shoot the morphology evolutions of fluid in fractures during rock specimens failure, 

the multi-level stress loading device is designed (Sun et al. 2019), and developed for matching the medical X-ray 

DR system. The testing system is composed of a stress monitoring system, an AE testing system and an image 

capturing system. The design principle of the experimental testing system is shown in Figure 1. This experiment 

aims to obtain fluid images and mechanic properties during rock failures with loading steps. The mechanical design 

of loading device is shown in Figure 2. The size of device has a height of 500mm and a width of 314mm, which is 

mainly composed of three carrier plates and connecting rods that is made of Q235 steel materials. The Nylon 



sleeves are set as connecting rods aiming to slide smoothly. The middle plate can be placed on a cube specimen size 

of 100mm. The spoke sensor aiming to stress monitoring is installed at the bottom of the upper plate. The hydraulic 

jack aiming to push the middle plate is installed at the lower plate. The bottom of fluid director is designed at the 

middle plate to meet the diversion and leakage requirements. The distance between the X-ray tube and the target 

board is 1.5m. The hydraulic jack of 30T is used to produce multi-level loading by controlling of the handle and 

watching the digital display. The loading process is synchronized with the stress monitoring, AE monitoring and the 

pipe flow monitoring. 

 

(a) Three-dimensional schematic of the design principle (b) Sectional schematic of the design principle  

Figure 1 Principle of observing fluid in rock fractures using EXIDR 

 

Figure 2 Design of multi-level loading device matching with X-ray DR or CT system  

The testing system is installed with the self-priming pump (LS-0412) of 15W to inject contrast fluid (see 

Figure 3a), the range of spoke sensor is greater than 30T (see Figure 3b), and the DN4 flow meter can collect the 

changes of the flow rate with the pipe rupture in rocks. Also, AE monitoring technology is used to quantify the 

degree of rock failures. The experiment system and physical platform are shown in Figure 4. 
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(a) Self-priming pump of LS-0412 (b) Stress sensor (c) Flow sensor of DN4  

Figure 3 Monitoring components for the testing platform system 

 

(a) Test system design                                      (b) Physical platform 

Figure 4 Physical platform and testing system of observing fluid in rock fractures using EXIDR 

2.2 Samples collection and specimens preparation 

The method proposed in this study aims to explore the evolution behaviors of fluid in fractures based on the 

block scale of rock material. Therefore, the size of cubic specimens is no less than 5cm×5cm×5cm (length × width 

× height) by cutting method to prepare tests and take a hole at the center of specimens to form a diversion channel. 

A total of 9 specimens of carbonate rocks (size of 7cm×7cm×7cm and 10cm×10cm×10cm), 4 specimens of RBM 

rocks (size of 10cm×10cm×10cm) and 16 specimens of coal-rocks (size of 10cm×10cm×10cm) are prepared for the 

experimental project, as shown in Figure 5. Carbonate rock specimens are numbered from KR-01 to KR-09, red 

bed mudstone specimens are numbered from RBM-01 to RBM-04, and coal-rock specimens of overlying stratum 

are numbered from CSOS-01 to CSOS-11, RSOS-01 to RSOS-05. 

 

(a) Karst rock specimen                  (b) red bed mudstone specimen               (c) Coal rock specimen 

Figure 5 Standard preparations of rock specimens of different lithology 

2.3 Testing steps and data analysis methods 

This test aims to observe fluids flow in fractures with the rock failures as well as obtaining multi-index of the 

stress, AE signals, and flow rate, etc. The X-ray images are taken while loading on rock specimens. The test step is 

shown in Figure 6. According to the test data, pipe flow rate correlated with the rock parameters as the time 

duration, which shown in Figure 7. Meanwhile, morphological features of liquids flow in fractures quantitatively 
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extracted from X-ray images using methods of the fractal dimension, cluster segmentations and threshold 

segmentations. These quantitative results are connected with the theoretical equations such as cubic law, Darcy or 

non-Darcy laws, Fick diffusion. Then, some physical control equations are given so as to describe the geological 

disasters that induced by fluid filling fractures in the engineering. Also, the physical phenomenon of geo-disasters 

will be revealed by inferring from the hydro-properties of rock materials, which is of great significance to provide 

some guidance for geo-hazards prevention of gas hydrate extraction, landslides and mining, etc. 

 

Figure 6 Experiment steps of visualization fluid in fractures during rock failures using X-ray digital radiography. 

 

Figure 7 Fracture fluid evolution analysis method and application field during rock fracture 

3. Theory of geohazards induced by fluid in rock fractures 

3.1 Transition mechanism of pipe-fissure flow during karst rock failures 

The rock mass of Karst Mountain is the multi-media that composed of pipelines, fractures and porous, which 

is an important channel carrier of underground water flow. The hydro-dynamics of underground water is different 

from the static seepage of pores-fracture in karst rocks. Pores and fractures occupy the main part of the inner space 

in carbonate rock mediums. Especially, the nonlinear flow of fluids in fractures and pipelines play a role in the 

evolution of the Karst hydrodynamic system (Sun et al. 2021). Therefore, this paper proposes a new visual method 

of flow distributions during carbonate rock failures, to explore the flow regime with pipe rupture in rocks. The 

experiment results from the pipe flow regime can provide some precursor insights for the prediction of karst 

landslide. A total of 9 rock specimens are prepared for the experiment, of which only 4 rock specimens are success 

to obtain the completed data. The specimens are numbered KR-01 to KR-04, and the inlet flow rate and outlet flow 

rate of the pipe rupture are collected in the experiment progress. Reynolds number of PF is calculated with 

Equation 1 and the flow regime variation of PF is shown in Figure 8. 
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Where ρ is the density of pipeline fluids (unit: Kg/m3), v is the velocity of pipeline fluids (unit: m/s), d is the 

pipe diameter (unit: m), Q is the pipeline flow rate (unit: m3/h) and η is the kinetic viscosity of liquids (unit: Pa·s). 

The experiment was performed in the condition of the indoor temperature of 20℃~25℃. The kinetic viscosity of 

pure water medium is 1.005×10-3Pa·s. Besides, the kinetic viscosity of carbonate pipeline fluids is 1.6×10-3Pa·s 

thanks to consider of minerals in the pipeline liquids. 

 

Figure 8 Evolution of the flow regime of the pipe fluid during the rupture of the karst rock specimen 

It is well known that the pipe flow regime can gradually transform into another state with the carbonate rock 

failures. The pipe-wall will be spalling with the fluids flow in carbonate rocks. The experiment data prove that the 

pipe flow regime is dominated by the laminar flow that the Reynolds number of pipeline fluids is less than 2300 at 

the cracks initiation. Then, the flow rate of pipeline fluids gradually changes to the transitional regime that the 

Reynolds number ranges from 2300 to 4000, and even beyond of 4000 that to be the turbulent flow, due to the 

intensified fracture and the damaged pipe. With respect to the failure pattern, the failure type of carbonate rocks in 

the conditions of the hydro-conductivity of pipeline show the brittle behaviour. In order to further quantify the 

non-linear evolutions of PF-FF, the X-ray image obtaining from the experiment is post-processed by the LOG 

algorithm. Features of liquids in fractures extracted from the LOG images and its fractal dimension are calculated 

using boxing counting method. The fractal dimension (Df) of liquids in fractures changes with the transition from 

pipe flow to fissure flow during carbonate rock failures, which is shown in Figure 9. 
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Figure 9 The fractal dimension of liquids in fractures changes with the multi-level loadings 

It can be learned from the Figure 9 that fractal dimensions of PF to FF with the multi-level loading has a 

tendency to decrease abruptly, which indicates that the evolution process experiences from the laminar flow to the 

transitional flow. Therefore, the flow regime of pipelines will be changed with the rock failures before landslides. 

In fact, the flow rate of upstream and downstream can be traced for making decision on the pre-warning of 

landslide disaster. 

3.2 Hydro-damage properties of RBM failures induced by hydrodynamics 

Some disasters are always frequent to happen in the red bed mudstone (RBM) region. This is due to the RBM 

containing abundance of clay minerals such as kaolinite and montmorillonite, which will aggravate the softening 

and disintegration when coupled with the water (Wu et al. 2018). In the engineering, slopes of highway are eroded 

by the heavy rainfall and easily form water-conducting trenches. Meanwhile, the formed hydrodynamics conditions 

will result in the slopes instability in the RBM regions. Therefore, some engineering problems threats to the safety 

operation of highways such as the destroyed anchor frame beam, the bolt reinforcement failures and so on. In order 

to accurately evaluate the slopes stability of the RBM regions, the damage testing of mudstone rock materials under 

hydrodynamics is carried out. These results can provide some theoretical guidance for the pre-warning of 

geo-disasters in the RBM regions. 

The damaged properties of RBM will be aggravated under hydrodynamics, which is the essential cause of 

slope instability. The classical damage mechanics present that the damage coefficient of brittle materials can be 

defined with using elastic strain methods and the formula is as follows: 

 𝐷 = 1 − 𝐸′𝐸0 (2) 

Where E0 is the initial elastic modulus of material (unit: MPa), E' is the elastic modulus of damaged material. 

On the basis of this definition, this paper presents the elastic modulus of hydro-damage materials as Es
′. Hence, the 

damage coefficient of RBM rock materials expressed as below. 

 𝐷 = 1 − 𝐸𝑠′𝐸0  (3) 

Where E'
s/E0 is the ratio of the elastic modulus of hydro-damaged rocks and undamaged rocks. The tests in 
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this paper can obtain X-ray images of hydro-damaged RBM rocks. The different components of liquids and rock 

matrix are to the certain X-ray absorption attenuation what the different tissues and organs are to different X-ray 

absorption doses. Thus, X-ray absorption thresholds are used to extract image features of the different components 

of RBM materials. The pixel window with a fixed size of 824×1087 is set for analyzing X-ray images. Recording 

the accumulated values of X-ray absorptions with respect to the nth load, Ic represent the X-ray absorption values of 

crack in rocks and Im represent the X-ray absorption values of rock matrixes. 

 

Figure 10 Image features quantified with the different components of RBM using X-ray absorption thresholds 

Some published literatures have proved that the X-ray absorption values of In is related to integrity and 

strength of rocks, i.e. parameters of Es, E'
s separately has the functional relationship with In, where In=Ic + Im, the 

data examine that Im is far more than Ic. Therefore, Equation 4 can be inferred as below. 

 𝐷 = 1 − 𝐼𝑚𝐼0   (4) 

Where Im represents the total X-ray absorption values of the unsaturated rocks (unit: μGy), I0 represents the 

total X-ray absorption values of the initial rocks (unit: μGy) and D is the hydro-damage coefficient of rocks. Also, 

Ic is the total X-ray absorption values of crack and fracture in rocks. According to different compositions of rocks in 

the X-ray images, Ic thresholds of RBM-01 specimen sets to be less than 26000 μGy, of RBM-02 and RBM-03 are 

set to be less than 19000μGy. Ic and Im analyzed of RBM specimens statistically using MATLAB as shown in 

Figure 11. Finally, the hydro-damage coefficient D could be calculated by the analyzed image data. 

 

Fig. 11 The hydro-damage coefficient variations with rock failures of RBM under hydrodynamics 
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It can be observed from the Figure 11 that hydro-damage coefficients show an exponential increasing with the 

multilevel stress loadings. This indicates that the coupled stress and hydrodynamics aggravate the damaged rate of 

RBM. To be specific, the external stress causes fractures expansion in rocks, then the water filling fractures will be 

driven by hydrodynamics pressure, this means fluids pressure of pores and fractures will be increasing sharply. 

Therefore, the damage degree of RBM will be intensified together with the crack propagation and fractures flow, 

showing dual behavior of nonlinear seepage and anomalous diffusion effects. Therefore, this study defines the 

coefficient of seepage and diffusion (Cd) to quantitatively describe the dual mechanical properties of seepage and 

diffusion in rocks, and the pixels number is counted for different feature areas in X-ray images. Equation 5 is 

proposed to calculate the Cd values as below. 

 𝐶𝑑 = 𝑆total𝑁pixles
⋅ 𝑁𝑐𝑡   (5) 

Where Cd is the coefficient of seepage and diffusion (unit: mm2/s), this means the areas of water seepage and 

diffusion with water filling fractures in rocks at square millimeter per seconds. Stotal is the total calculated features 

segmentation areas in the X-ray image (unit: mm2), Npixles is the pixels number of the certain feature area in the 

X-ray image of rocks, Nc is the pixels number of damaged area of rocks, and t is the time of RBM specimens under 

hydro conductivity duration (unit: s). 

 

Figure 12 Hydro-damage coefficient evolutions of RBM specimens under hydrodynamics and multilevel stress loadings 

Figure 12 is given by the Boltzmann function of mathematical fitting relations of the hydro-damage (D) and 

seepage diffusion coefficient (Cd), this indicates that Cd tends to be non-linearly decreasing as the intensified 

damage of rocks. Initially, the intact RBM has a high permeability and larger diffusion coefficient. Therefore, the 

initial hydro-properties of RBM rocks should be enhanced for resisting catastrophe induced by rain falling, which is 

the key point for ensuring slope stability and bolting support in the engineering. 

3.3 Bursting disaster induced by fissure water in the goaf of coal mine 

The fractures enrich in the overlying stratums and further develop with coal seams mining (Sun et al. 2020a). 

Broken coals and rocks of enrich fractures store easily a large of groundwater in the goaf, which involves the 
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essential scientific issues of nonlinear flow and diffusion effects. Therefore, some physical equations are proposed 

necessarily for describing the catastrophe process of groundwater bursting, which is of great significance for 

proposing the hydro-geo-dynamics theory and hazards prevention.  

From 1879 to1955, Albert Einstein published a series of papers involving modern physics, in which described 

microscopic particle motion, immersed in liquid and derived the diffusion equation. These results prove that the 

particle waves are related to the Gaussian distribution, the mean square displacement (MSD) has the functions of 

particle diffusion motion with the time as below. 

 MSD = ⟨  − ⟨ ⟩2 ⟩ ∝ 𝑡  (6) 

Where r is the relative displacement of particle diffusion, and ⟨ ⟩2 represents the average of mean square 

displacement of particles (unit: s).  

In fact, the fluids in fractures and its distribution are always in a dynamic system. The micro-dynamic theory 

mainly defines the motion model of molecules or atoms in liquids on the basis of relationship between the MSD 

and time. Therefore, we believe that the motion model of water molecules in solid rocks can be described by the 

mean square value. For considering the valid flow rate, this study proposes the mean square flow (MSF) to quantify 

the increased flow in fractures with time. In other words, MSF should be determined with the magnitude stress or 

the time. For this purpose, the experiment on flow visualization during coal and rock failures has been carried out. 

The analyzed results focus on X-ray image data of fluids in rock fractures and acoustic emission (AE), of the stress 

loading related to time directly. Also, the pixels number Nn of feature areas of fissure water in the X-ray image is 

account using thresholds segmentation. The more pixels number corresponds to the bigger areas of fissure water, i.e. 

Qn∝Nn. Finally, the flow and diffusion of fissure water in rocks can be described as the MSF with the function of 

the time, as shown in Equation 7. 

 MSF = 1𝑁 ∑  𝑄n+1 − 𝑄𝑛 2𝑁
n=1   (7) 

Where Qn is the flow rate of fissure fluids of rocks under the nth loading (unit: mL). It can be calculated by the 

flow visualization experiment of fissure water in rocks of X-ray images. The total number of pixels is defined as N1, 

N2, …, Nn. 

Felicity effect defines the fracture degree of rock specimens during the test using AE (Zhang et al. 2017). That 

means the AE signal is no longer intensifies when loading stress of material exceeds the previous maximum value. 

Felicity effect is defined as the ratio between the AE onset stress and maximum of the previous stress as shown in 

Equation 8. 

 FR 𝜎 = 𝜎AE𝜎max  (8) 

Where σAE and σmax are, respectively, the AE onset stress and the maximum of the previous stress, and FR(σ) is 

the felicity ratio calculated by the multilevel stress loading. 

The experiment can obtain the X-ray image of fissure water in coals and rocks as shown in Figure 13a, and the 

features of fissure water flow extracted from the X-ray image use thresholds segmentation method as shown in 

Figure 13b. Finally, the fractional exponent relationship between MSF and failure degree is given as the double 

logarithmic curves, which is shown in Figure 14. 



 

(a) X-ray images of fissure water                   (b) Features of fissure water flow and diffusion 

Figure 13 Features extraction of flow and diffusion of fissure water using thresholds segmentation 

 

Figure 14 Logarithmic relations between MSF and AE Felicity ratio during rock failures 

It can be observed from Figure 14 that the fractional exponent relations of MSF and FR. If β is more than 1, 

the flow rate of fissure water shows the super flow and diffusion regime. In contrast, if β is less than 1, the flow and 

diffusion in coals and rocks are super regime. When β is equal to 1, the flow rate of fissure water shows the linear 

flow and diffusion phenomenon. To be more specific, the fractional index (β) of MSF and FR is 1.37 at the initial 

stage. As the development of coal failures, the fractional index (β) of MSF and FR reaches at 7.40. Finally, the 

fractional index (β) of MSF and FR is falling down to 0.42. For mudstone rocks, the fractional index (β) of MSF 

and FR are 3.53, 9.20 and 0.35, respectively. Therefore, the fractional index of β can be used to quantify flow 

regime of fissure water that induced disaster relating to coal and rock failure degree in the goaf. 

4. Discussion 

This study proposes a new method for observing fluid in rock fractures using the enhanced X-ray image of 

digital radiography on the basis of block material scale. Three types of rock prepared for the experiment, aiming at 

exploring the multi-behaviors of seepage, damage and diffusion in rocks. On the basis of obtaining multi-source 

data of rock failures, this study places a strong connection between the nonlinear flow of fissure water and the rock 

strength. These results provide some theoretical guidance for geo-disasters induced by the interactions of water and 

rock in the engineering. 

As well as known, any experiment methods all have limitations for exploring essential problems of rocks. This 

proposed method is only suitable for water-rock interaction based on the material scale. After this experiment, we 

find that three aspects of following need to be improved. 
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(1) The X-ray scanning system platform should be upgraded for further to obtain the more resolution images. 

The experiment in this study is carried out with the flat panel type of X-ray DR platform. Industrial CT (μ-CT) or 

medical CT (m-CT) scanning could be used for obtaining volume data. 

(2) The pressure cell of rocks should be designed of approving rigidity and radiolucent requirements. In this 

experiment, the specimen is wrapped in plastic films. Once the specimen is broken, which is also results in the film 

leakage. These mistakes in the experiment will affect the collection of test data. Therefore, the pressure cell of 

rocks should be given as the satisfied designs for sealed, rigid and radiolucent materials. 

(3) The high-performance loading device should be developed for the static and dynamics. In this experiment, 

we use the hydraulic jack to realize the path of multilevel stress loading on rocks. The stress path of experiment is 

matched with the blasting load, disturbance load of excavation and so on. 

5. Conclusion 

The new proposed method in this paper have been applied for researching on three aspects of hydro-dynamics 

theory, mainly involving the fundamental theory of large-scale landslides in karst mountains of southwestern China, 

slope instability induced by rainfall in RBM regions and hydro disasters of groundwater bursting in the goaf of coal 

mine. Some significant conclusions are as below. 

(1) The precursory behaviors of landslides in karst region are pipe rupture due to the alternated flow. Flow 

regime of karst pipe can be used for determining large-scale collapse of mountain. The flow regime of karst pipe 

changes from the laminar flow to the transitional flow or turbulent flow. Thus, in regard to practical methods for 

predicting karst geological disasters, the Q values for the upstream and downstream of karst pipes and flow-regime 

can be determined to the pre-warnings of karst landslides. 

(2) The slope instability of red-bed mudstone (RBM) is due to the damaged rock mass under hydrodynamics 

relating to the seepage and diffusion effects. In this study, the proposed experimental method can evaluate the 

damage properties of RBM on the basis of X-ray images using thresholds segmentation. The results show that the 

seepage diffusion coefficient (Cd) tends to be non-linearly decreasing as the intensified damage of RBM rocks. 

Therefore, the initial hydro-properties of RBM rocks should be enhanced for resisting catastrophe induced by rain 

falling, which is the key point for ensuring slope stability and bolting support in the engineering. 

(3) Groundwater bursting from the goaf induced by fissure water flow changing with coal seams mining 

involves nonlinear flow and diffusion effects. The experiment proves that the mean square flow of fissure water has 

the fractional functions with the failure degree of coals and rocks. Therefore, the fractional index of β can be used 

to quantify flow regime of fissure water that induces disaster relating to coal and rock failure degree in the goaf. 
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Figures

Figure 1

(a) Three-dimensional schematic of the design principle (b) Principle of observing �uid in rock fractures
using EXIDR

Figure 2

Design of multi-level loading device matching with X-ray DR or CT system



Figure 3

Monitoring components for the testing platform system(a) Self-priming pump of LS-0412 (b) Stress
sensor (c) Flow sensor of DN4

Figure 4

Physical platform and testing system of observing �uid in rock fractures using EXIDR (a) Test system
design (b) Physical platform

Figure 5

Standard preparations of rock specimens of different lithology. (a) Karst rock specimen (b) red bed
mudstone specimen (c) Coal rock specimen



Figure 6

Experiment steps of visualization �uid in fractures during rock failures using X-ray digital radiography.

Figure 7

Fracture �uid evolution analysis method and application �eld during rock fracture

Figure 8

Evolution of the �ow regime of the pipe �uid during the rupture of the karst rock specimen



Figure 9

The fractal dimension of liquids in fractures changes with the multi-level loadings

Figure 10

Image features quanti�ed with the different components of RBM using X-ray absorption thresholds



Figure 11

The hydro-damage coe�cient variations with rock failures of RBM under hydrodynamics

Figure 12

Hydro-damage coe�cient evolutions of RBM specimens under hydrodynamics and multilevel stress
loadings



Figure 13

Features extraction of �ow and diffusion of �ssure water using thresholds segmentation. (a) X-ray
images of �ssure water (b) Features of �ssure water �ow and diffusion

Figure 14

Logarithmic relations between MSF and AE Felicity ratio during rock failures


