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One of the actual problems in the science of mechanics is the estimation of the 

stress-strain state and dynamic behaviour of various structures with complex 

geometry and heterogeneous structural features. This, in turn, requires the 

development and use of mathematical models and computational methods to 

estimate the dynamic state and strength parameters of structures, taking into 

account their structural features and real material properties. 

The solution to the above problem, considering the previously mentioned 

factors, can be obtained most completely and accurately by using numerical 

methods: for example, the finite element method (FEM) or the finite difference 

method (FDM) [1, 2, 12, 13]. 

The static stress state and dynamic behaviour of various ground structures are 

considered in [3-9], which take into account the structural features of the structures, 

the inelastic properties of the soil, the interaction of the structures with the water 

environment of the reservoir and other features of the structures. 

Research of the stress-strain state and dynamic behaviour of soil structures in 

considering their design features and actual operation have been studied 

insufficiently up to now, therefore, studies in this direction are of great scientific 

interest. Predicting the behaviour of ground structures should be based on the 

fullest possible consideration of all factors affecting their stress-strain state and 

dynamic behaviour under various types of loads. 

On the basis of the above stated, this paper investigates the dynamic 

behaviour and stress-strain state of two soil dams with central cores under real 
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dynamic (seismic) impacts taking into account soil moisture. Actual records of 

registered accelerograms of a number of earthquakes of different intensity, 

frequency spectrum and duration of impact are used as an external impact. The 

results obtained at different degrees of water saturation of the dam core soil are 

compared. 

The earth dam under consideration has a trapezoidal cross-section, the crest 

and slopes of which are stress free, and kinematic boundary conditions are set at 

the base   u
x . 

The variational Lagrange equation based on the D'alembert principle given in 

[2] is used to formulate the dynamic problem: 

0  dVuudVA
V

iij

V

ij  ,      (1) 

Kinematic boundary conditions 

x u :  u x t x t0 1( , ) ( , )  ,      (2) 

initial conditions at t=0: 

x V :  u x x( , ) ( );0 2   u x x( ,0) (3  )  .     (3) 

Here,  x x x 1 2, ,  u u u 1 2, - displacement vector;  ij ,  ij  - components 

of the Cauchy strain tensor and stress tensor; u ,  ij - isochronous variations of 

the displacement and strain vector; i - material density of the elements of the 

considered structure;  1 ,  2 3, - specified functions. 

The physical properties of the soils of the prism (n=1,3) and core (n=2) of the 

dam are described by relations between stresses ij  and strains  ij  of the form 

     ij n kk ij n ij 
~ ~2        (4) 

The values of 
~
n  and ~n  are Lame constants. When the moisture content of 

the soil in the dam core is taken into account, the values of 
~
n  and ~n  are 

determined according to the model for subsidence soils proposed in [10]. n-

corresponds to the part of the dam to which the mechanical characteristics refer,  ij

is the Kronecker symbol. 

Following the work [10], the functional dependences of physical and 

mechanical characteristics of soil on moisture content are determined by the 

formulas: 

    K I K IW sat W exp ; 1      (5) 

     I IW W  0 1ln ;      (6) 
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here: Ksat  is the modulus of volumetric compression of water-saturated soil; 

0  is the Poisson's ratio of dry soil;   and   are empirical dimensionless 

coefficients characterising the degree of change in the corresponding mechanical 

characteristics of the subsidence soil. These mechanical characteristics of the soil are 

considered to be functions of the degree of water saturation of the soil I W WW sat /

, rather than of the moisture content W  itself. 

The problem is to determine the displacement function u x t( , ) , strain tensors 

 ij t( , )x  and stress tensors ij x t( , )  satisfying equations (1), (4) and conditions (2), 

(3) at any possible displacement u . 

The variational problem (1) after finite element discretisation reduces to a 

Cauchy problem for a nonlinear system of high-order differential equations of the 

form [2] 

          M u C u K u F t   ( )      (7) 

with initial conditions 

   u u( )0 0 ;    u u( )0 0      (8) 

 

here  K ,  M -matrices of stiffness and mass of the structure under 

consideration;  C  is a matrix of dissipative forces (if they are taken into account); 

 u  is the desired vector of movements,   F t   vector of external exposure. 

Calculations were made for Tupolanga dam (180m high) with rock mass 

retaining prisms under the influence of three earthquake accelerograms: high-

frequency accelerogram of Gazli [11], intensity 9 MSK, main period 0.1 seconds and 

duration of impact 8.74 seconds, accelerogram 7-12G66 - intensity 7 MSK, main 

period 0.9 seconds, duration of impact 23 seconds and accelerogram 7-25G40 - 

intensity 7 MSK, main period 0.37 seconds, duration of impact 12 seconds. The dam 

has a thin core of subsidence soil (loam) with parameters E = 2.399105 t/m2, = 2.0 

t/m3 , =0.35, =2.5 =0.3. 

Variation of intensity i ( , )x t  and stress components x( , )x t , y( , )x t  and xy

( , )x t  were investigated at different soil moisture varying in the range of W=10-

30%. Isolines of equal levels of intensity i max and tangential xymax stresses in the 

dam profile were also plotted. 
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The figure shows isolines of maximum values of stress intensity imax  in the 

profile of the Tupolanga dam taking into account soil moisture (=20%) under real 

seismic action. 

 

 
Fig. Lines of equal level of stress intensity imax  in the dam. 

The analysis of the obtained results shows that the stress-strain state of the 

dam is significantly influenced not only by the maximum values of acceleration, 

but to a greater extent by its frequency spectrum and duration. Soil humidity in the 

dam core leads to redistribution of the stress-strain state of the dam. 

Increase in soil humidity increasingly affects the stress-strain state of the dam. 

At the same time, the intensity of stresses in the core decreases, and in the areas of 

prisms directly adjacent to the core - increases. Thus, for example, at moisture 

content in the core W=10% imax  decreases to 8% in the core and increases to 30% 

in the prisms compared to the case of non-humidified core. At further increase of 

humidity, the intensity of stresses in the lower part of the core decreases by a factor 

of 1.5, and its increase in the upper part of the core reaches up to 15%. 
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