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Abstract 

During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 

In this paper pore pressure effects such as stress reorientation and faults reactivation are considered. Risk assessment of these 
effects is crucial for field development planning. Coupled 4D hydro-mechanical modelling was carried out to evaluate the 
prospects of well-candidates for repeated multistage hydraulic fracturing, particularly the repeated fracture geometry alteration. 
Furthermore, the factors influencing repeated fracture orientation were clarified. Influence of pore pressure on faults reactivation 
was considered in the context of fault permeability definition. Several methods for validation of numerical simulations have been 
reviewed. 
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pressure in a near well bore zone and in a remote zone. Field development system is often constructed in such a way 
that the loss of reservoir energy is compensated by the waterflooding process. Rheological and chemical properties 
of the injection and production fluids differ significantly. Dynamic behavior of such agents causes the change in 
reservoir pressure. 

Pore pressure dynamics causes the change in effective stresses, which mainly affect the wellbore stability, as well 
as other activities in the course of field development. Underestimation of pressure alteration can lead to crucial 
errors in new well trajectories planning, well azimuth selection, optimization of reservoir pressure maintenance 
process, selection of optimal hydraulic fracturing design and hydraulic fracturing modelling. 

The reservoir four-dimensional geomechanical model is the result of the complexation of a finite-element 
geomechanical model with a hydrodynamic finite volume model. Earlier the construction of 1D / 3D geomechanical 
models [1] (including highly fractured rock [2]), as well as the effectiveness of the application of this approach [3,4] 
were discussed in detail. In this paper, 4D geomechanical modeling is considered as a tool for predicting the change 
in stress field and orientation of hydraulic fracturing cracks due to reservoir pressure dynamics.  
To compare the results of 4D geomechanical modelling with real hydraulic fracturing crack geometry  
geophysical well logging before and after hydrofracturing (microimages and microscanners that estimate the 
orientation of the main stresses in the wellbore zone) as well as the radioactive proppant technology and surface 
micro-seismic monitoring are performed. 
Methods of determining crack geometry parameters in various situations take different forms and the choice of 
method mostly depends on the budget of the project. However, the information derived from micro-seismic 
monitoring is actually the only method that has the potential to characterize and image both the induced and natural 
fractures enhanced by the hydraulic fracturing injection process. 

Pore pressure alteration effect 
One of the principal geomechanical concepts is to describe a reservoir as heterogeneous porous medium. The 

mass of overlying formation produces a load to significant depth, which is named overburden stress. Also in 
horizontal direction, the rock is subjected to non-uniform stresses that results in unequal magnitudes of maximum 
and minimum principal horizontal stress. Specific character of porous medium means that the total load is shared 
between rock mass and pore fluid. 

To define the coupled hydro-geomechanical reservoir model we use the theory of linear poroelasticity in 
assumption that the model is an isothermal area. In quasi-stationary assumption the stress-strain condition of 
poroelastic medium is defined by the balance equation [5]: 

 ∙ ,  = 0,     1 
where  is the total stress tensor,  is the displacement vector of porous medium, and  is the pore pressure. 
The relation between stresses, initiated by material volume response on applied load, as well as the strains and 

pore pressure can be described in Terzaghi’s effective stress principle [5, 6, 12]: 

 =  −  = 2 +  −  ,   2 
where  is the total Cauchy stress tensor,  and  are Lame moduli,  – Biot constant,  – pore pressure, I is the 

unite tensor.  
The volumetric strain and the volumetric stress are  = ∇ ∙  and  = 1/3  tr  respectively. So, following 

the generalized Hooke’s law (2), 
′ =  −       (3) 

where K is the bulk modulus, is given as: 

 =  + 
  = 

     4 
The pore pressure is proportional to the dilation of porous medium: 

 =  −  ,      5 
where  is the fluid flow content, the Biot modulus can be defined through the porosity  and Bulk moduli 

and : 
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process, selection of optimal hydraulic fracturing design and hydraulic fracturing modelling. 

The reservoir four-dimensional geomechanical model is the result of the complexation of a finite-element 
geomechanical model with a hydrodynamic finite volume model. Earlier the construction of 1D / 3D geomechanical 
models [1] (including highly fractured rock [2]), as well as the effectiveness of the application of this approach [3,4] 
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