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Abstract 
The weak structure plane is an important factor affecting the stability of rock slope, and detecting 
the spatial structure of the weak structural plane is beneficial to analyze the stability of the slope 
and estimate the quantity of the landslide. Based on 3D electrical resistivity tomography, a model 
of rock slope with weak structure plane is established, and the characteristics of three-dimen- 
sional resistivity imaging of weak structure plane under different ground water conditions are 
simulated. The results show that the weak structural plane has a better reflection in 3D electrical 
resistivity tomography; the distribution of weak structural plane of 3D resistivity imaging can be 
roughly determined under different ground water conditions; the three-dimensional electrical re-
sistivity tomography is feasible in the detection of weak structural plane of rock slope. 
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1. Introduction 
China is a mountainous country; the mountainous area of our country accounts for over 50% of the total land 
area; the problems of geological disasters occur frequently; the problem of slope instability is particularly 
prominent, which poses a threat to people’s lives. So it is very important to study the stability of the slope in the 
design and construction of the slope engineering. Weak structural plane is formed in the rock mass with a certain 
extending direction and length; thickness is relatively small geological interface; it includes material interfaces 
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and discontinuities, such as level and unconformity face, joints and faults and so on. The weak structure plane in 
a large scale, such as low intensity, easy deformation, often influences the integrity, permeability, physical me-
chanical properties and stress transfer of engineering rock mass, which is one of the essential causes of 
non-homogeneous, non-continuous, anisotropic and non-linear elasticity of rock mass [1]. The development of 
weak structure plane is often the main cause of landslide, so it is very important to understand the scale of the 
weak structure plane in time, which plays an important role in the analysis of the stability of the slope. 

Drilling as a traditional geological prospecting method cost is high, and blind. In order to find out the geolog-
ical condition quickly and accurately, the high density resistivity is a new geophysical prospecting method. 
Two-dimensional high density resistivity method development has been relatively mature, proposed by Japanese 
scholars in the eighties of the twentieth century; the high density resistivity method can collect data automati-
cally, measure quickly, get a lot of information, draw 2D profile image and reflect the geoelectric structure fully; 
the method is superior to the traditional electrical method [3]. The ideal electrical models proposed by Gou Xi-
ujun [2] are given to figure slide-face in homogeneous soil slope, soft interlayer, and geological structure. Two 
dimensional apparent resistivity sections are formed with finite element method corresponding to four kinds of 
routine in-situ data collecting arrays, which are Wenner array, Schlumberger array, dipole-dipole array and 
pole-pole array. The ideal electric array and abnormal resistivity pattern are determined by analyzing the sec-
tions. Taking actual engineering as example, Chen Jing [4] has introduced key technical problems and handling 
methods of cause analysis of applying high density electric prospecting technique to expressway slope landslide. 
It is proved by practice that high density electric prospecting technique can achieve accurate result in slope 
landslide exploration which provided reliable reference for developing expressway landslide treatment measures. 
Although the three-dimensional electrical resistivity tomography is not mature, there are still many problems 
need further study; but compared with the two-dimensional high density resistivity method, the three-dimen- 
sional resistivity imaging can obtain more abundant data; the underground geoelectric perspective and the mea-
suring range are more extensive. Based on the engineering example, Hermann Zeyen [5] used the three-dimen- 
sional resistivity imaging technique to obtain the resistivity distribution which also allows locating the Master-
ton strike-slip fault just north of the mud volcano field and confirming the role of this fault as conduit of the mud 
from deeper layers to the surface. The three-dimensional model of rock slope is established to study the spatial 
distribution of the weak structure plane under different groundwater conditions, which lays a foundation for 
promoting the development of three-dimensional electrical resistivity tomography. 

2. Theory of 3D Electrical Resistivity Tomography 
The three-dimensional electrical resistivity tomography is based on the difference of the underground medium 
resistivity, through the electrode to the underground power, to measure the different points of apparent resistivi-
ty in underground, apparent resistivity value is not a specific point resistivity values, but a comprehensive ref-
lection of a regional resistivity and apparent resistivity calculation formula is: 

Uk
I

ρ ∆
=  

where: ρ  is the apparent resistivity; k is the coefficient of the device; U∆  is the potential difference; I is the 
current. 

The core of 3-D resistivity tomography is forward modeling and inversion. The forward modeling is known 
geoelectric model and field source distribution, distributed of electric field problem is solved. Inversion is to 
find a geoelectrical model and enable the corresponding values of theoretical calculation and measured apparent 
resistivity values coincide with the best under certain rules. Forward modeling is the base of the inversion, and 
the theoretical value of the forward calculation is obtained. Inversion calculation is often the underground space 
is divided into several small cuboids, in comparing the theoretical value and the measured value during the 
process, the Jacobian matrix calculation is the core and the calculation method is generally divided into Gauss 
Seidel method and quasi Newton method, Gauss Seidel method in every iteration needs to compute the Jacobian 
matrix and long computing time, high precision and quasi Newton method do not need every time to calculate 
the Jacobian matrix, only need a calculation, back calculated by iterative formula, fast calculation and low pre-
cision. Modification of model parameters is for computational purposes. After reaching the accuracy, will give 
the theoretical value of each cuboid, get the final geoelectric structure [6]. 
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3. Numerical Simulation 
When there is ground water in the weak structure plane, it is generally low resistance. The joints have strong 
joint development or discontinuous surface in the weak structure plane, and the resistance is generally higher 
when there is no water [7]. Setting two rock slope models are built to simulate the resistivity characteristics of 
the weak structure plane with different groundwater conditions. the weak structure plane distance from the slope 
2 m, thick 0.5 m, long 12 m, wide 10m, the establishment of the model as shown in Figure 1. In order to main-
tain consistency with the actual test, assuming that the simulation use Chongqing Geological Instrument Factory 
production of duk-2b electrical instrument to collect data and acquisition mode selection of Wenner device, 
electrode using 17 × 17 arrangement, 1m distance, measuring line layout style such as shown in Figure 2. 

3.1. The Resistivity Characteristics of Weak Structure Plane Underground Water 
When there is groundwater, assuming the resistivity of surface covering layer is 50 Ω∙m, the weak structural 
plane is 5 Ω∙m, the bedrock is 100 Ω∙m. Numerical simulation results are shown in Figure 3. From XY resistiv-
ity distribution diagram can be found to a significantly low resistivity anomaly area and weak structural plane 
where corresponds to the position, and was a rectangular shape, about 12 m length, about 10 m wide, the result 
is consistent with the model, indicating that low resistance patterns of the weak structure plane reflected well. 
From the XZ resistivity distribution diagram shows that the low resistance anomaly area is about 10 m wide, and 
the thickness has some error, the shape of the low resistivity anomaly area is basically the same as the position 
and size of the weak structure plane. From YZ resistivity distribution figure seen, low resistivity anomaly mayor 
12 m length, thickness of some error, but low resistivity zone and weak structural plane where position corres-
ponding. In general, the low resistivity in the middle, high on both sides, and like a ring distribution, can be 
roughly determine the boundaries of the cover, the weak structure plane and bedrock, so as to calculate the size 
of the weak structure plane. The results show that the low resistance characteristic of the weak structure plane 
under the action of groundwater is obvious, and the effect is good. 

3.2. The Resistivity Characteristics of Weak Structure Plane without Ground Water 
The action is without groundwater, assuming the resistivity of surface covering layer is 10 Ω∙m, the weak struc- 
tural plane is 100 Ω⋅m, the bedrock is 50 Ω⋅m. Numerical simulation results are shown in Figure 4. From the  

 

 
Figure 1. Slope model.                                                                                     

 

 
Figure 2. Layout of measuring line.                                                                          
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(a) 

 
(b) 

 
(c) 

Figure 3. The resistivity distribution of weak structure plane underground water ((a), (b), (c) respectively expressed XY pro-
file, XZ profile, YZ profile). (a) The horizontal plane of resistivity (xy); (b) the vertical surface of resistivity (xz); (c) the 
vertical surface of resistivity (yz).                                                                            



X. Zhang   
 

 
442 

 
(a) 

 
(b) 

 
(c) 

Figure 4. The resistivity distribution of weak structure plane without underground water ((a), (b), (c) respectively expressed 
XY profile, XZ profile, YZ profile). (a) The horizontal plane of resistivity (xy); (b) the vertical surface of resistivity (xz); (c) 
the vertical surface of resistivity (yz).                                                                            
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XY resistivity distribution diagram, the weak structural plane of high resistance influence range is significantly 
larger can be found, but from the resistivity distribution shape were observed, in layer 4 to 5 resistivity distribu-
tion shape change from square to approximate circular, the high resistivity anomaly area and weak structural 
plane location are basically consistent can be judged in layer 4. The high resistivity anomaly district about 12m 
length, about 10 m wide, the result is consistent with the model, indicating that high resistance patterns of the 
weak structure plane reflected well. From the XZ resistivity distribution diagram shows that the high resistance 
anomaly area is about 10 m wide, and the thickness has some error, the shape of the high resistivity anomaly 
area is basically the same as the position and the size of the weak structure plane. From YZ resistivity distribu-
tion figure seen, high resistivity anomaly mayor 12 m length, thickness of some error, but the high resistivity 
anomaly zone and weak structural plane where position corresponding. By comparing with the resistivity cha-
racteristics of the weak structure plane underground water, the resistivity imaging resolution of the weak struc-
ture surface underground water is found to be higher, the reflection of weak structural plane is better. 

4. Image Processing 
The inversion after the data collated into image processing software, after partition model adjust chromatogra-
phy, the action of groundwater and without groundwater of weak structural plane are extracted from the 3D re-
sistivity images, as shown in Figure 5 and Figure 6. By adding rectangular coordinate system, we can observe  

 

 
Figure 5. Three dimensional resistivity image of weak structure plane underground water.                             

 

 
Figure 6. Three dimensional resistivity image of weak structure plane without underground water.                      
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the spatial form of the weak structure plane and estimate the size of the weak structure plane, weak structural 
plane has a higher accuracy under the action of groundwater, in the actual measurement can provide more accu-
rate data, and the weak structural plane without ground water has a certain error, which needs to be reduced on 
the basis of the actual measurement. By measuring the angle between the weak structure plane and the horizon-
tal direction, and use the formula: 

( ) ( )1 3cos sin sin cos cos 0j j j jcσ β ϕ β σ β ϕ β ϕ− + − + ≥  

where: 1σ  is principal stress; 3σ  is minor principal stress; β  is the angle between the weak structure plane 
and the horizontal; jϕ  is internal friction angle; jc  is cohesion. 

It can be used as a condition to judge the stability of rock slope, so as to make a reasonable safety evaluation 
for rock slope and provide scientific data for design and construction. 

5. Conclusions 
1) By means of three-dimensional electrical resistivity tomography numerical simulation of rock slope with 

weak structure plane, the electrical resistivity tomography resolution of the weak structure surface under differ-
ent ground water is analyzed, illustrating the effectiveness of the three-dimensional electrical resistivity tomo-
graphy in the detection of weak structural plane. 

2) Three-dimensional electrical resistivity tomography overcomes the lack of 2D electrical resistivity tomo-
graphy; the distribution of weak structural plane in rock slope can be found, judging the stability of rock slope, a 
rough estimate of unstable rock excavation amount; the result is intuitive and easy to explain. 

3) In the numerical simulation of 3D electrical resistivity tomography of rock slope, the model is established 
without considering the influence of topography fluctuation on resistivity imaging, which should be worth atten-
tion in the future research. When the high resistance anomaly occurs, the weak structure plane is separated from 
the bedrock, and it should be properly reduced when estimating the amount of the landslide surface and the 
landslide. In the study of the mechanism of the instability of the soft surface, the relationship between the resis-
tivity and the stress and strain of rock should be established. 
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