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Abstract — In this paper we consider: i) the influence of both intensively and slightly weathered unloading zone in the shallow 
surface of slopes, and ii) fault fracture belt on the initial geostress field in valley zones. We then establish a 3D regression analysis 
model of initial geostress based on: i) the measured geostress data, ii) geologic tectonic conditions, and iii) valley topography 
features. We use finite element numerical methods and analysis between calculated and measured stresses of measuring points, to 
compute the distribution of the initial geostress field by regression analysis. The calculation results show that the initial geostress 
field in valley zone is dominated by horizontal tectonic stress and the influence of tectonic stress is much larger than the gravity 
stress of rock mass. The results show how to determine reasonable initial geostress conditions for the design and construction of 
underground engineering projects in valley zones. 
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I. INTRODUCTION 

Geostress field is the natural stress state of rock mass 

before construction, which is one of the basic research 

content of geological mechanics and rock mechanics. For 

underground engineering, initial geostress field leads to the 

load in supporting structure and affects the stability of 

surrounding rock mass directly [1-4]. So, how to obtain the 

initial stress field accurately has been an important problem 

in geotechnical engineering. 

Back analysis method can be described that the 

initial geostress field and mechanical parameters of rock 

mass would be back calculated according to the engineering 

field typical stress state of measuring points. It was proposed 

by Kavanagh in 1971 and was used to calculate the 

mechanical parameters through finite element method 

(FEM) [5]. In recent years, with the advance of computer 

technology and optimization method, more and more back 

analysis methods have been emerged and are widely used in 

practical engineering. According to the measured geostress 

data, considering the influence of gravity and geological 

tectonic movement on the initial geostress field, Zhang et al 

[6] used the method of multivariate regression to research 

the 3-D initial geostress. Hu et al [7-8] used 3-D finite 

element regression analysis method to establish multivariate 

regression model between the measured field stress value 

and calculated stress value, and made back analysis for the 

initial geostress field of hydropower station dam site. Wang 

et al [9] used numerical simulation by combining orthogonal 

regression design and three-dimensional finite element 

method to make analysis and evaluation for the three 

dimensional geostress field of valley terrain rock mass. 

According to the geological conditions and measured 

geostress data, Pei et al [10] used multiple linear regression 

analysis theory and calculation program of FLAC3D to 

obtain initial geostress field distribution in dam site. 

The above analysis shows that the back analysis research 

of the initial geostress field in the rock mass around the 

underground engineering is much more than valley 

zone[11-16]. According to the influence of intensively and 

slightly weathered unloading zone in the shallow surface of 

slope and fault fracture belt on the initial geostress field in 

valley zone in this paper, the 3D regression analysis model 

of initial geostress is established based on the measured 

geostress data, geologic tectonic conditions and valley 

topography features. By means of finite element numerical 

method, through the approaching analysis between the 

calculated and measured stresses of measuring points, 

reasonable distribution of the initial geostress field is 

achieved by back analysis. The results can provide an 
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important basis for the analysis of underground engineering 

construction and long-term stability in valley zone. 

II. PRINCIPLE OF GEOSTRESS FIELD BACK 

ANALYSIS OF ROCK MASS 

A. Calculation method of initial geostress 

The formation of the initial geostress field of rock mass 

relates to terrain, lithology, geology, structure, temperature, 

groundwater and many other factors. A large number of 

engineering practice shows that, gravity and geological 

tectonic effects are the main factor for the formation of 

geostress field of rock mass, but the influence of ground 

temperature and groundwater is relative small. The influence 

of ground temperature and groundwater has not been 

considered in this paper. Rock mass gravity and the 

geological tectonic effects are conducted through the lateral 

pressure coefficient and the corresponding boundary 

conditions. Many field geostress measurement data show 

that vertical stress is mainly caused by gravity, and is equal 

to the weight of the overlying strata. Horizontal stress is 

mainly caused by tectonic activity such as plate motion and 

gravity.  
  Horizontal tectonic stress can be implemented by lateral 

pressure coefficient. Suppose that the horizontal lateral 

pressure coefficients are xk and yk  respectively, the 

corresponding coordinate system of lateral pressure 
coefficients is yxO . In yxO , horizontal stress component 
and gravity stress can be expressed as follows: 
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Where x  , y  , xy   are horizontal stress component. z   

is gravity stress.   is the density rock mass. g  is the 
acceleration of gravity. h  is the thickness of overlying 
strata. 
  From Eq. (1), it can be seen that the direction of lateral 
pressure coordinate axis corresponds to the direction of 
horizontal principal stress and shear stress is zero in the 
plane. For general engineering, there is a certain angle ( ) 
existed between the coordinate system of lateral pressure 
coefficient and calculation model. The relationship between 
them is as shown in Fig. 1. 

  Horizontal stress component and gravity stress can be got 
by coordinate transformation in coordinate system of 
calculation model ( XOY ), which can be expressed as 
follows: 
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Where   is the angle between the coordinate system of 
lateral pressure coefficient and calculation model. 

  

Fig. 1 Coordinate system of lateral pressure coefficient and calculation 

model 

  Then, the initial geostress field ( ij ) of rock mass can be 

expressed as the function of xk 、 yk  and  : 

 , ,ij x yf k k          （3） 

Through the above analysis, the influence of rock mass 
gravity and tectonic action on initial geostress field can be 
simulated by imposing initial conditions (lateral pressure 
coefficient) and boundary conditions on finite element 
model to realize. In calculating process, by applying gravity, 

horizontal lateral pressure coefficients ( xk , yk ) and  , the 

stress component (
ck
ij ) in coordinate system of calculation 

model can be got. According to the calculated stress tensor 
ck
ij , the three principal stresses ( ck

i ) and its 

corresponding direction vectors ck
in ( nk ,,2,1  , n  is 

the number of measuring points) can be determined by using 
the characteristic equation (Eq. (4)). 
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  The calculated ck
in  is projected into the horizontal plane 

to get the azimuth angle ( ck
i ) of principal stress projection 

in the horizontal plane. According to the component of ck
in  

to calculate the dip angle ( ck
i ) of the principal stress. (  

is the azimuth angle of principal stress projection in the 
horizontal plane. When its direction points to north, the 
value of   is equal to zero. And clockwise rotation is 
positive.   is the dip angle of the principal stress and 

elevation angle is positive.) 
  The inversion of initial geostress field can be realized by 

modifying the parameter value ( xk , yk  and  ) and 

making the error function tend to minimum. Error function 
can be expressed by the weighted sum of the deviation of 
calculated and measured stress, azimuth angle and elevation 
angle. So, there are three parameters in the inversion model, 
which are the relative errors between the calculated value 

( ck
i , ck

i  and ck
i ) and measured value ( mk

i , mk
i  

and mk
i ).  

Error function of calculated principal stress can be 
expressed as follows: 

   
1

, ,
ck mkn
i i

x y mk
k i

abs
k k

 
 




    （5） 

Error function of calculated azimuth angle can be 
expressed as follows: 
 

    
1

, ,
ck mkn
i i

x y mk
k i

abs
k k

 
 




   （6） 

  Error function of calculated dip angle can be expressed as 
follows: 
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  The final error function can be expressed as follows: 
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Where, n  is the number of measuring points.  ,   

and   are the weighted coefficient of every subentry of 

the error function. In this paper, 
40. 、

30. 、

30. 。 

B. Initial geostress inversion method and program 

implementation 

Inverse problems are often complicated, which need to 

add some constraint condition to ensure the stability and 

uniqueness of solution. So, the finite element inversion 

method can be represented as: 
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Where )(XF  is the objective function. 

 , ,
T

x yX k k 
. 

)(Xhi  is the constraints condition of 

the i-th equation. 
)(Xg j  is the constraints condition of 

the j-th equation. m  is the number of inversion 

parameters. 

The purpose of inversion is to find a set of parameters 

 , ,x yk k 
, which makes the objective function trend to 
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Fig. 2 Back analysis program of initial geostress field of rock mass 

minimum. According to the theory and method in this paper, 

based on the finite element software ABAQUS, the 

subroutine (SIGINI.for) was compiled to implement the 

applying of lateral pressure coefficients, the transformation 

of geostress between the coordinate system of lateral 

pressure coefficient and calculation model. Then, the back 

analysis program of three-dimensional geostress field 

(B_STRESS.m) based on genetic algorithm was compiled 

by using MATLAB language, which could call ABAQUS to 

make finite element calculation and realize the back analysis 

of initial geostress field. The flow Chart of back analysis 

program of initial geostress field of rock mass is shown in 

Fig. 2. 

III. ENGINEERING EXAMPLE 

A. Engineering situation and geological conditions 

A proposed underground engineering is located in the 

mountain valley zone. The rock mass in this area is 

dominated by hard metamorphic limestone, which is easy to 

accumulate higher strain energy. So, the geostress value is 

relative higher. In the adit of No. SPD1#, the stress relieving 

method was used to obtain the field stress of measuring 

points, which is shown in Table 1. The distribution of 

measuring points is as shown in Fig. 3. 

 

TABLE 1 STRESS MONITORING VALUE OF MEASURING POINTS 

Number of 

measuring points 

Horizontal buried 

depth 

Vertical buried 

depth 
Type σ1 σ2 σ3 

Spd1-1 253m 390m 

Value (MPa) 21.53 12.06 6.98 

α(°) 315.69 147.60 47.32 

β(°) 21.53 68.04 4.12 

Spd1-2 400m 560m 

Value (MPa) 29.06 18.44 13.85 

α(°) 290.1 15.60 100.3 

β(°) 42.5 -4.90 47.10 

Spd1-3 400m 6460m 

Value (MPa) 28.07 22.85 16.11 

α(°) 305.5 21.2 100.4 

β(°) 47.5 -12.8 39.7 

Spd1-4 525m 780m 

Value (MPa) 33.45 22.62 14.12 

α(°) 285.3 352.9 73.3 

β(°) 54.3 -15.3 31.4 

(In Table 1,   is the azimuth angle of principal stress projection in the horizontal plane. When its direction points to north, the value of   is equal to 

zero. And clockwise rotation is positive.   is the dip angle of the principal stress and elevation angle is positive.) 



HUI WANG et al: A STUDY ON INITIAL GEOSTRESS FIELD OF ROCK MASSES IN VALLEY ZONE 

DOI 10.5013/IJSSST.a.17.48.12                                     12.5                 ISSN: 1473-804x online, 1473-8031 print 

 

Fig. 3 Distribution of measuring points 

B. Three-dimensional finite element calculation model 

In order to get the geostress distribution of the mountain 

valley zone, the finite element model including four 

measuring points was established. Consider the complex 

geological structure and the factors which influence 

geostress distribution is more, especially the low-lying 

topography of valley. To get more actual geostress 

distribution, the surface morphology, strata distribution, fault 

fracture belt and weathered unloading zone on both sides of 

valley were considered in the established model. 3D Finite 

element model is as shown in Fig. 4. According to 

engineering geologic survey report, the mechanical 

parameters of each stratum are determined in Table 2. 

TABLE 2 MECHANICAL PARAMETERS OF EACH STRATUM 

Stratum number Elastic modulus
/MPa

Poisson 
ratio

Density
/ kg·m-3

Cohesion 
/MPa 

Friction angle 
/° 

D1-12 
1  5000 0.3 2750 0.91 44.3 

D1-11 
1  13000 0.23 2830 1.3 49.2 

D1-10 
1  4600 0.32 2700 0.85 40 

D1-9 
1  13000 0.23 2830 1.3 49.2 

D1-8 
1  5000 0.3 2750 0.91 44.3 

D1-7 
1  13000 0.23 2830 1.3 49.2 

D1-6 
1  5000 0.3 2750 0.91 44.3 

Weathered unloading zone 1# 1100 0.38 2500 0.52 32.2 
Weathered unloading zone 2# 2700 0.35 2700 0.65 35.6 

Fault fracture belt (F5) 800 0.31 2200 0.50 31.0 

 

Fig. 4 3D Finite element model 

C. Calculation conditions 

The top surface of the model is a free surface which does 

not bear load. Normal constraint is applied on the other 

sides. Boundary condition of the calculation model is as 

shown in Fig. 5. The initial stress of rock mass is input by 

writing file of inistress.inp. In order to get the stress value in 

different position, the stress components of the elements in 

model are output by FEM geostress calculation firstly. Then, 

using the stress value in z-direction as the benchmark, the 

input of the geostress field of surrounding rock is realized by 

making use of parameters 
 , ,x yk k 

 to modify the other 

stress components. 

 

Fig. 5 Boundary conditions of the calculation model 
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Ⅳ. ANALYSIS OF INVERSION RESULTS 

According to the method proposed in the paper, the back 

analysis was carried out to research the initial stress field in 

valley zone. Eventually, the lateral pressure coefficient and 

its direction were got in Table 3. The comparison of initial 

geostress between inversion results and monitoring value is 

shown in Table 4. It can be seen that the inversion results are 

closer to the monitoring value. Although there are certain 

errors existed in some value, considering the singularity and 

the error of the measured data, the inversion error is within 

the acceptable range. So, it can be shown that the calculation 

results have higher precision. 

 
TABLE 3. INVERSION RESULTS OF THE COEFFICIENT OF 

LATERAL PRESSURE AND ITS DIRECTION 

Parameters xk  yk     (°) 

Range 0.1~5.5 0.1~5.5 0~135 

Initial value 2.90 4.20 22.45 

Inversion results 1.70 2.36 39.25 

 

According to the inversion results, the whole model was 

calculated to obtain the full-field geostress. Initial geostress 

field of rock masses in valley zone is as shown in Fig. 6. It 

can be shown that gravity stress and horizontal tectonic 

stress are the dominant factors to form initial geostress field 

in valley zone. Horizontal tectonic stress is higher than 

gravity stress obviously. So, the influence of tectonic stress 

is much larger than the gravity stress of rock mass. 

 

 

 

TABLE 4. COMPARISON OF INITIAL GEOSTRESS BETWEEN INVERSION RESULTS AND MONITORING VALUE 

Number of 

measuring 

points 

Item 

σ1 σ2 σ3 

Value 

(MPa) 
α(°) β(°) 

Value 

(MPa) 
α(°) β(°) 

Value 

(MPa) 
α(°) β(°) 

Spd1-1 
Measured value 21.53 315.69 21.53 12.06 147.60 68.04 6.98 47.32 4.12 

Inversion value 25.97 296.95 10.70 20.35 22.84 20.76 8.24 277.39 66.40 

Spd1-2 
Measured value 29.06 290.1 42.5 18.44 15.60 -4.90 13.85 100.3 47.10 

Inversion value 28.58 297.20 7.58 18.44 20.60 40.76 9.46 294.22 48.22 

Spd1-3 
Measured value 28.07 305.5 47.5 22.85 21.2 -12.8 16.11 100.4 39.7 

Inversion value 28.44 286.15 7.10 22.72 13.70 18.98 11.51 294.22 69.63 

Spd1-4 
Measured value 33.45 285.3 54.3 22.62 352.9 -15.3 14.12 73.3 31.4 

Inversion value 31.88 298.19 1.95 19.65 25.64 52.53 11.56 29.68 -37.39 
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（a）Gravity stress 

 

（b）Horizontal minimum principal stress 

 

（c）Horizontal maximum principal stress 

Fig. 6 Initial geostress field of rock masses in valley zone（units：Pa） 

Ⅴ. CONCLUSIONS 

 (1) According to the influence of intensively and 

slightly weathered unloading zone in the shallow surface of 

slope and fault fracture belt on the initial geostress field in 

valley zone, the 3D regression analysis model of initial 

geostress was established based on the measured geostress 

data, geologic tectonic conditions and valley topography 

features. 

 (2) By means of finite element numerical method, 

through the approaching analysis between the calculated and 

measured stresses of measuring points, reasonable 

distribution of the initial geostress field was achieved by 

back analysis. The calculation results show that the initial 

geostress field in valley zone is dominated by horizontal 

tectonic stress and the influence of tectonic stress is much 

larger than the gravity stress of rock mass. Meanwhile, the 

reasonable lateral pressure coefficient and its direction were 

got through back analysis. 
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