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ABSTRACT 
 
Using Midas GTS NX software package, the groundwater drainage is possible on the basis of needle filters and wells. This soft ware package 

allows you to analyze the parameters of soil in the process of excavation. Midas GTS NX is based on the finite element method. Since this 

package is geotechnical one, it has a significant number of mathematical models describing the behavior of soil, depending on its physical 

and mechanical characteristics. One of them is the Mohr-Coulomb model. Due to this, you can get a complete picture of soil stress-strain 

state, to analyze and take appropriate measures. 

 

INTRODUCTION 
  
During the development of the pit, the groundwater level is often above the pit bottom. Thus a number of 

measures is required to implement artificial water drainage [1,2,3,4]. One of such methods is the device of 

needle-filtering units and wells. 
 

During the implementation of the related activities, it becomes necessary to take into account the changes 
of developed soil physico mechanical properties [3,4,5]. 

 
The complex of calculations for the pit development is implemented in Midas GTS NX software package, 

taking into account dewatering. The presented complex provides the opportunity to analyze in detail the 
soil parameters during the excavation process. Midas GTS NX program allows you to apply the finite 

element method effectively. Since this complex is geotechnical, it includes a sufficient number of 
mathematical models that describe the behavior of soil depending on its physico mechanical 

characteristics [6–12]. One of them is the Mohr-Coulomb model. 

 

METHODS AND MATERIALS 
 
The mathematical model of Mohr-Coulomb describes the dependence of tangential stresses on the 
magnitude of the normal stresses applied to the material. This is due to friction inside a solid body. 

 
The dependence of the tangential stress of the material on the magnitude of the applied normal stresses 

is a bilinear dependence, which is the criterion of Mohr-Coulomb strength and is described by the following 
formula: 

, 

 
where σ – the value of normal stresses,  

      τ – the magnitude of the tangential stresses,  
      с – the intersection of the strength criterion curve with τ axis,  

      tan(φ) – slope angle tangent of the strength criterion curve. 

If φ=0, the Mohr-Coulomb strength criterion turns into the Tresca criterion. If φ=90°, then the Mohr-
Coulomb strength criterion corresponds to the Rankine viscous medium model. 

For the circles of Mohr it is true that: 
 

    
 

where      ,
 

 

where σ1 – the maximum principal stress,  
      σ2 – the minimum principal stress.  

 
Therefore, the Mohr-Coulomb strength criterion can be represented as follows: 
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This type of Mohr-Coulomb strength criterion corresponds to the fracture on a plane parallel to the 
direction of the main stress σ2. 

 
The Mohr-Coulomb strength criterion is used to analyze the bearing capacity of soil massifs. 

 
During loading soils work mainly on surface shear with the lowest bearing capacity. Therefore, shear 

strength is the defining strength characteristic for soils. 
 

The destruction occurs at the moment when the magnitude of the shear (tangential) stress reaches the 
ultimate soil strength at shear. Therefore, the relationship between normal shear stresses is the criterion 

of strength for soils. 
 

Let's consider the solution to this problem by example. 
 

There is the evidence of the construction site engineering-geological profile [Fig. 1]. 
  

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 

Fig. 1: Engineering-geological section. 

…………………………………………………………………………………………………………………………… 
 

The geotechnical data of the construction site is presented below [Table 1]. 
 

Table 1: Geotechnical data 
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EGE 1 1 35 30×10
6
 21 17 0.3 33 

EGE 2 49 24 42×10
6
 21 19,5 0,32 7 

 
During the excavation development, HYUNDAI R330LC-9A crawler excavator was used. The loading was 

carried out via MAN TGA 33.350 6X4 BB-WW dump truck with a bucket capacity of 15 m3 [Fig. 2]. 
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Fig. 2: Pit development scheme using construction machines and mechanisms. 

…………………………………………………………………………………………………………………………… 
 
The actual loads and impacts during the pit development at the construction site are presented below 

[Table 2]. 

Table 2: Loads and Impacts 

 
Load name Meas. 

Un. 
Rated value Safety factor Design value 

Constant 

Net weight of the 1st layer of soil 
(sand) 

t/m
3
 1.7 1,1 1,87 

Net weight of the 2nd layer of soil 
(clay) 

t/m
3
 1.95 1,1 2,15 

Temporal load 

Excavator kN 75 - 75 

Dump truck kN 75 - 75 

 
The design scheme of the excavation at the construction site is presented below [Fig. 3]. 

  
  a) 

 
 

 
 

 
 

 
b) 

Fig. 3: The design scheme of the excavation design: а) the design of wells, b) the load from the construction 

machines and mechanisms. 

…………………………………………………………………………………………………………………………… 
 
The generated finite element model in Midas GTS NX software [Fig. 4]. 

  

 

 

 

 

 

 

 

 

Fig. 4: Finite-element model. 

…………………………………………………………………………………………………………………………… 
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[Fig. 5-13] demonstrate iso-fields at different stages of calculation (type of loading), which we consider in 

this problem. 

 
The first stage is filtering, which we determine for the given soil conditions. 

 
At the second stage, the stress-strain state (SSS) of soil strata is considered. 

 
The third stage is characterized by the appearance of an excavator at a construction site for the 

development of soil (the load from an excavator). 
 

The next calculation step is the accounting for the separation of the first excavation and its loading into a 
dump truck (a dump truck arrived at the construction site for excavated soil loading into it). 

 
Then the separation of the second excavation and the loading of the excavated soil into the dump truck 

takes place. The truck has already been emptied from the first part of soil (took it to another part of the 
construction site where filling is required). 

 
Then the calculation stage takes place with the separation of the third excavation and the loading of soil 

from the third excavation into the dump truck. 
 

A similar situation is observed during the step 7 of the computational model, where the separation of the 
excavation 4 and the loading of the fourth soil into the dump truck takes place. 

 
Step 8, the final one, the separation of the excavation 5 and the loading of the remaining soil in the dump 

truck. 
 

During the current model calculation, the following values were obtained: 
 

a) initial filtration [Fig. 5]. 
  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Initial filtration. 

…………………………………………………………………………………………………………………………… 
 
The line shows the level of filtration in a given soil massif after water-lowering using a well device. 

 
b) pore pressure, after the excavator arrival at the construction site [Fig. 6]. 

 
 

 
 

 
 

 
 

 

 

 

 

 

Fig. 6: Pore pressure. 

…………………………………………………………………………………………………………………………… 

 
The pore pressure isoline represents the calculation results in the software after the excavator arrival at 

the construction site to develop the excavation. 
 

c) deformations (maximum and minimum) arising from the own weight of the excavator [Fig. 7]. 
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The maximum and the minimum values of deformations along Y axis that occur during the excavation of 
the upper soil layer by the excavator [Fig. 7]. 

 
    

 

 

 

 
 

 

 

 

 

 

Fig. 7: The displacements from excavator own weight. 

…………………………………………………………………………………………………………………………… 

 
d) the deformations during the development of the first soil layer [Fig. 8]. 

 
 

 
 

 
 

 
 

 
 

  

Fig. 8: Displacements from the excavator weight during the first soil layer development. 

…………………………………………………………………………………………………………………………… 
 

e) deformations during the development of the second layer of soil [Fig. 9]. 
    

 

 

 

 

 

 

 

 

 

Fig. 9: The displacements from excavator and dump truck weight during the second soil layer development. 

…………………………………………………………………………………………………………………………… 
 
f) the deformations during the development of the third soil layer [Fig. 10]. 

    

 

 

 

 

 

 

 

 

 

Fig. 10: The deformations from excavator and dump truck weight during the third layer of soil development. 

…………………………………………………………………………………………………………………………… 
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g) The deformations during the fourth layer of soil development [Fig. 11]. 
    

 

 

 

 
 

 

 

 

 

Fig. 11: Deformations from excavator and dump truck weight during the development of the fourth layer of 

soil. 

…………………………………………………………………………………………………………………………… 

 
h) deformations during the development of the fifth soil layer [Fig. 12]. 

    

 

 

 

 

 

 

 

 

 

Fig. 12: Deformations from excavator and dump truck weight during the development of the fifth layer of soil. 

…………………………………………………………………………………………………………………………… 
 

i) The stresses in XY plane [Fig. 13]. 

 

 

 

 

 

 

 

   

 

 

 

 

Fig. 13: The stresses in XY plane ХУ. 

…………………………………………………………………………………………………………………………… 
 
Iso fields display the stress distribution from the corresponding loads [Table 3]. 

 

Table 3: Calculation results 

 

L
o

a
d

 t
y
p

e
 

Pore pressure/ 

(stress), kPa/ 
(kN/m

2
) 

Movement,  

m 

Stress, 

kN/m
2
 

Max Min Max Min Max Min 

XY Y XY Y 

1 382,5 -27,4 - - - - - - 

2 1,0 -382,5 - - 1,3 -3,5 -1,2 -440,1 

3 1,0 -382,5 1,9×10
-4

 -1,1×10
-2

 10,0 -0,5 -11,0 -442,6 

4 1,0 -382,5 1,8×10
-3

 -2,8×10
-2

 23,3 4,9 -16,0 -447,7 

5 1,0 -382,5 4,4×10
-3

 -5,8×10
-2

 37,4 55,3 -33,3 -452,4 

6 1,0 -382,5 5,2×10
-2

 -1,1×10
-1

 59,7 147,3 -56,8 -796,5 

7 1,0 -382,5 0,2 -0,2 107,4 324,0 -84,4 -1269 

8 1,0 -382,5 0,5 -0,3 148,0 436,6 -137,1 -1850 

 
Loading type: 1 - filtration; 2 - stress-strain state (SSS); 3 - the load from excavator; 4 - the separation of 

excavation 1 and the loading of the first soil into the dump truck; 5 - the separation of excavation 2 and 
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the loading of the second soil into the dump truck; 6 - the separation of the excavation 3 and the loading 
of the third soil into the dump truck; 7 - the separation of excavation 4 and the loading of the fourth soil 

into the dump truck; 8 - the separation of the excavation 5 and the loading the remaining soil into the 
dump truck. 

 
Having analyzed the results of the calculations presented in [Table 3], let's develop the dependency 

graphs, thanks to which it will be possible to understand how the stress-strain state of soil depends on soil 
saturation with water. Analyzing [Fig. 14-16] it is possible to trace the physico mechanical changes in soil 

by stages. 
 

 
 

 
 

 
 

 
 

 
 

 
soil swelling during pit break. 

ground sediment from the weight of construction equipment. 

Fig. 14: The graph of maximum and minimum displacements. 

 …………………………………………………………………………………………………………………………… 
 

         
 

 
 

 
 

 
 

 

 
 

 max stress values by ХУ axis 
 min stress values by ХУ axis. 

Fig. 15: The graph of maximal and minimal stresses. 

 …………………………………………………………………………………………………………………………… 
 
     

 
 

 
 

 
 

 
 

 
 

     max stress values by ХУ axis. 
      min stress values by ХУ axis. 

Fig. 16: The graph of maximum and minimum stresses along Y axis. 

…………………………………………………………………………………………………………………………… 
 

RESULTS  
 
Thus, under the action of a load applied to the base by construction machines, the stress state arises in 

soil, which causes the development of deformations leading to the displacement (the settlement) of the 
soil surface. 

 
The analysis of soil problem solution results showed that SSS significantly depends on the degree of soil 

saturation with water. At the end of the primary (filtration) consolidation, the pore pressure at all stages 
makes 1, hence the sediment is caused solely by the shear deformations of the soil skeleton. Soil is 

compacted with water lowering. 
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This task, which was calculated in Midas GTS NX software package, can be used during drainage 
calculation, the determination of underground water supply source debit, the calculation of structure 

sediments over time, an artificial lowering of groundwater level and the digging out of pits.  

 

CONCLUSION 
 
The scientific novelty of the study is in a new multifactorial approach for this problem solution, namely: the 

determination of the mathematical model for the soil conditions of the construction site, the selection of 
machines and mechanisms for pit excavation, the arrangement of water-reducing plants and the 

determination of their characteristics and step-by-step calculation in Midas GTS NX. 
 

Only when the multifactorial nature of the problem and the availability of reliable data on the foundation 
soils are taken into account one can carry out the measures for water lowering successfully. 
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