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Abstract: This paper describes capabilities of CODE_BRIGHT–GiD to analyze 
geotechnical problems involving unsaturated soils. Customization of GiD for 
CODE_BRIGHT has been a success task and some aspects related to geotechnical 
analysis are discussed in the paper. The paper focuses in the construction process of 
earth dams and related aspects and highlights the complexity of the boundary 
conditions to be applied in these problems.  
 
 
1. INTRODUCTION  
 
We customized GiD for using as pre- and post-process of CODE_BRIGHT (Olivella et 
al 1996) which is a program that solves coupled THM problems in geological materials 
using the finite element method. A preliminary version for CODE_BRIGHT - GiD was 
presented in Vaunat and Olivella (2002).   
 
The program CODE_BRIGHT couples the thermal (multiphase heat transport in porous 
media), hydraulic (two phase flow of liquid and gas in porous media), mechanical 
(unsaturated soil mechanics) problems and the solute transport. These problems require 
a number of constitutive laws and these have been organized accordingly. Since the 
number of material properties and parameters is large, it is useful to import sets of 
parameters if they are similar in other applications.  
 
A functionality that has been introduced recently in CODE_BRIGHT is the construction 
and excavation of geomaterials. This is of especial relevance in geotechnics as most of 
problems require construction (for example an earth dam or and embankment) or 
excavation (for example tunneling and diaphragm walls). From the finite element point 
of view, this facility implies activation and deactivation of elements, typically by layers. 
Normally, ramp variation of weight application permits to fully smooth this process 
which is very important for avoiding sharp changes which may lead to numerical 
difficulties and do not correspond to the actual process in the field. In the case of GiD 
pre-process this is solved by combination of material definition by layers which activate 
and deactivate in the different intervals. Yet, construction or excavation implies change 
of boundary condition position. For instance, the atmospheric conditions (rain and 
evaporation at soil surface) move as soil layers are constructed in an embankment. 
Applications of earth dam construction are presented to illustrate the capabilities of the 
program. 
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2. GENERAL DESCRIPTION OF CODE_BRIGHT 
 
CODE_BRIGHT is a finite element code for the analysis of THM problems in 
geological media. A porous medium composed by solid grains, water and gas is 
considered. Thermal, Hydraulic and Mechanical aspects are taken into account, 
including coupling between them in all possible directions. As illustrated in Figure 1, 
the problem is formulated in a multiphase and multispecies approach.  

Gas phase: dry air + 
water vapour  

Solid phase  

Liquid phase: 
water + 
dissolved air

The three phases are 
• solid phase (s):  
• liquid phase (l): water + air 

dissolved + solute 
• gas phase (g): mixture of dry 

air and water vapour  
The three species are:  

• solid (-): mineral 
• water (w): as liquid or 

evaporated in the gas phase 
• air (a): dry air, as gas or 

dissolved in the liquid phase 
• solute (c): in the liquid phase  

Figure 1. Schematic representation of an unsaturated porous material 

Table 1: Constitutive equations and equilibrium restrictions 
EQUATION VARIABLE NAME 

Constitutive equations  
Darcy's law Liquid and gas advective flux (conductivity depends on 

porosity, water content and temperature) 
Fick's law Vapour and air non-advective fluxes 

Solute non-advective fluxes (diffusion + dispersion) 
Fourier's law Conductive heat flux (thermal conductivity depends on 

porosity, water content and temperature) 
Retention curve Liquid phase degree of saturation 

Mechanical constitutive 
model 

Stress tensor. Models for unsaturated geological materials 
developed using EP and VP approaches 

Phase density Liquid density. Depends on pressure, temperature and 
solute concentration. 

Gases law Gas density. Ideal gases law for the mixture of vapor and 
dry air.  

Equilibrium restrictions  
Henry's law Air dissolved mass fraction.  

Psychrometric law Vapor mass fraction as a function of temperature and 
capillary pressure. 

The following assumptions are considered in the formulation of the problem: Dry air is 
considered a single species and it is the main component of the gaseous phase. Henry's 
law is used to express equilibrium of dissolved air. Thermal equilibrium between phases 
is assumed. This means that the three phases are at the same temperature. Vapor 
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concentration is in equilibrium with the liquid phase, the psychrometric law expresses 
its concentration. State variables (unknowns) are: solid displacements, u (three spatial 
directions); liquid pressure, Pl; gas pressure, Pg; and temperature, T. Balance of 
momentum for the medium as a whole is reduced to the equation of stress equilibrium 
together with a mechanical constitutive model to relate stresses with strains. Strains are 
defined in terms of displacements. Small strains and small strain rates are assumed for 
solid deformation. Advective terms due to solid displacement are neglected after the 
formulation is transformed in terms of material derivatives (in fact, material derivatives 
are approximated as eulerian time derivatives). In this way, volumetric strain is properly 
considered. Balance of momentum for dissolved species and for fluid phases are 
reduced to constitutive equations (Fick's law and Darcy's law). Physical parameters in 
constitutive laws are function of pressure and temperature. For example: concentration 
of vapour under planar surface (in psychrometric law), surface tension (in retention 
curve), dynamic viscosity (in Darcy's law), are strongly dependent on temperature. 

 

Figure 2. Customized window where the equations to be solved are selected. Dynamic 
options are used (e.g. Constant Pg is only required when air balance is not solved and 

disappears as the air equation is ticked). Solution strategy and Output sections contain 
default values (e.g. for tolerances that control convergence of nonlinear iterations). 

The governing equations that CODE_BRIGHT solves are: Mass balance of solid, Mass 
balance of water, Mass balance of air, Momentum balance for the medium, Internal 
energy balance for the medium, and Mass balance of solutes. Associated with this 
formulation there is a set of necessary constitutive and equilibrium laws. Table 1 is a 
summary of the constitutive laws and equilibrium restrictions that should be 
incorporated in the general formulation. The dependent variables that are computed 
using each of the laws are also included.  

The constitutive equations establish the link between the independent variables (or 
unknowns) and the dependent variables. There are several categories of dependent 
variables depending on the complexity with which they are related to the unknowns. 
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The governing equations are finally written in terms of the unknowns when the 
constitutive equations are substituted in the balance equations.   

The resulting system of PDE's (Partial Differential Equations) is solved numerically. 
The numerical approach can be viewed as divided into two parts: spatial and temporal 
discretizations. Finite element method is used for the spatial discretization while finite 
differences are used for the temporal discretization. The discretization in time is linear 
and the implicit scheme uses two intermediate points, tk+ε (for nonlinear terms) and tk+θ 
(for gradient terms) between the initial tk and final tk+1 times. Finally, since the problems 
are non-linear, the Newton-Raphson method was adopted to find an iterative scheme. 

Figure 3. Customized window for material parameter input. Note that Mechanical models, 
hydraulic/thermal and Phase properties have been grouped.. ITYCL is used to decide 
types of laws inside a constitutive law (e.g. Viscoplasticity for granular materials may 
have different options of flow rules). Each line contains a maximum of 10 parameters 
(P1, P2, etc) and hence some laws are defined in a series of lines (e.g. TEP model).   

A number of improvements have been done in the code since its early development, 
namely: construction/excavation, time step control by error estimates, iterative solver 
with compressed sparse storage, quadratic elements and new constitutive laws. 

 

3. APPLICATION OF CODE_BRIGHT TO CIVIL ENGINEERING 
PROBLEMS. LONG TERM BEHAVIOUR OF AN EARTH DAM 
Figure 4 shows an earth dam which was constructed in Algarve (Portugal) using rockfill 
and clay. This earth dam was extensively monitorized in terms of displacements, 
pressures and stresses. Alonso, Olivella and Pinyol (2005) present a review which 
includes geotechnical analysis of the dam behaviour taking into account construction 
stages, water level rise in the reservoir and long term behaviour during different rainfall 
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events. The constitutive models used in that contribution (Rockfill Model and Barcelona 
Basic Model) have been integrated using a viscoplastic approach and are the more 
advanced framework existing in the field of geotechnics of earth dams.   

Beliche dam (Algarve, Portugal) 

STAGES CONSIDERED IN CALCULATION
[A] Dam height: 29 m (t=6 months).

[B] Dam height: 47 m (t=6 months).

[C] Unexpected dam flooding to elevation 29 m (t=2 months).

[D] Construction ends.  Dam elevation: 55 m (t=1 month).

[E] Reservoir reaches final elevation (49 m)

Intervals included during the analysis 
 

Clay Inner 
rockfill 

Outer 
rockfill 

Filter 

Foundation 

 
Materials 

 

Finite element mesh made of quadratic 
triangles 

Figure 4. Modelling an earth dam (rockfill shoulders + clay core). (from Alonso, Pinyol 
and Olivella, 2005). 

This problem is used in this paper to discuss different aspects that are related to the 
modelling performed.  

Material Parameters 

The material parameters in this problem consist in hydraulic parameters and mechanical 
parameters. The hydraulic parameters are hydraulic conductivity, retention curve (water 
content versus capillary pressure) and relative permeability. All are nonlinear functions. 
The mechanical parameters correspond to a generalized viscoplastic model for 
unsaturated soils and rockfills, based on Perzyna theory. Flow rule, failure envelope and 
compression parameters are different for the clay core and for the rockfill shoulders. A 
total of 15 parameters are required for each material (clay core, inner rockfill, outer 
rockfill). Hence, the existing possibility in GiD to import and export a material is 
obviously extremely useful as permits to transfer sets of parameters from one problem 
to another. In principle, history variables (such as preconsolidation stress) are required 
as a function of space, however if construction is simulated, these history variables can 
be set constant by surfaces or volumes, or by materials.  

Construction intervals  

The stress state in a geotechnical structure such as an earth dam can only be determined 
if the construction is simulated realistically. In this problem, construction was simulated 
by layers (these are indicated in Figure 4). In CODE_BRIGHT, materials and 
construction layers are identified, and therefore a number of materials have to be 
defined in this case. However, any new material can be defined as having the same 
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properties as an existing one. For instance, any new layer of soil has the same properties 
as the ones already constructed but the material is still in its soft state (hardening history 
variables have not yet changed because they are element dependent). Even construction 
using thin layers may be a numerical problem if the loading is instantaneous. Therefore, 
in order to smooth the construction process, the final weight of each layer is achieved in 
a ramp way during the time interval. Since the material is soft during construction, the 
self weight and the progressive construction of subsequent layers implies a hardening of 
the material which is realistic. In CODE_BRIGHT, a material may have 3 states: (a) 
active, (b) is constructed during the interval and (2) not active (has been excavated or 
not yet constructed). Construction of each layer is done during specified time periods 
(intervals).  

Excavation of soil layers is also possible but does not happen in this example. 
Excavation in a smooth way is not a straight forward question. For instance, excavation 
of a tunnel requires not only to deactivate the material but also to decrease the pressure 
that is exerting on the wall surface of the tunnel.  

Boundary conditions 

Boundary conditions are quite standard for the mechanical problem. They are prepared 
for loads (nodal) or stresses (boundary) and permit to prescribe displacement rates or 
force/stress constant values or increments (for instance a ramp loading during a given 
interval). Flux boundary conditions can be nodal, boundary or volume and permit to 
represent, for instance: a well in an aquifer (nodal), a constant pressure at a boundary 
(boundary) or a rain on a surface (volume), among other cases. Boundary and 
Volume apply to line-surface or surface-volume, respectively, depending if the problem 
is in 2 or 3 dimensions.  

 
Figure 5. Customized window for input of boundary condition parameters in the case of 

Flux type boundary condition.  
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Boundary conditions of Flux type include all the parameters required for the boundary 
conditions related for Water, Air, Energy and Solute conservation. For instance, if only 
temperature is to be prescribed at a boundary, only the prescribed value (To) and a 
constant (γ) have to be introduced (heat flow rate is calculated as: Qh = γ(T-To)). But the 
Flux condition includes terms to prescribe vapor concentration, water infiltration (e.g. 
rain), atmospheric pressure prescription, etc. The parameters of boundary conditions, in 
general, change with time and for this reason increments can also be input. An 
increment is applied during a time interval, and for the next time interval the new 
achieved values should be input in the boundary conditions.    

The problem of the earth dam described in figure 4 requires several boundary 
conditions. The earth layers that are constructed are exposed to the atmosphere and 
hence, rain and relative humidity (suction in this case) should be prescribed during time. 
Since the exposed surface to the atmosphere in the earth dam changes with time, the 
boundary condition should change with space and time. The boundary conditions 
applied to unconstructed layers are not active until the layers are constructed. As a new 
layer is constructed the boundary conditions should disappear. Figure 6 shows the 
rainfall evolution and dam water level in the reservoir that were applied as boundary 
conditions. The response in terms of water pressure in the dam (time evolution plot and 
contour field plots) shows that transient conditions prevail due to continuous changes in 
boundary conditions. Upstream and downstream points undergo different response due 
to water level in the reservoir, but the downstream points are reach liquid pressures 
close to zero.  
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Figure 6. Evolution of rainfall and water level in the reservoir and response of liquid 
pressure in the dam (Alonso, Olivella and Pinyol, 2005). 
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The impounding history of the reservoir is simulated by means of a set of periods in 
which the water level changes linearly between the two extreme times (ta, tb) 
considered. To this end, the auxiliary function: 

( ) b

a b

t tp t
t t
−

=
−

 for  a bt t t< ≤
 

(1)

is introduced. Water pressure at a point of the boundary having a vertical height, y, 
above the reference level, is given by: 

( )w wp h t= γ  (2)

where 
( ) ( ) ( )        if    h t H p t y H p t y= × − × >

( ) ( )0                       if    h t H p t y= × ≤ (3)

where H is the maximum reservoir level in the period considered. Normal stresses on 
the upstream boundary are specified equal to the liquid water pressure: 

n wpσ =  (4)

Alternatively, the water in the reservoir can be represented explicitly as a material with 
appropriate parameters equivalent to water properties. If this material can undergo the 
two states, namely dry and fully saturated, then the water level variations can be 
represented adequately.  
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Figure 7. Evolution of displacements and vertical stress distribution (Alonso, Olivella 
and Pinyol, 2005). 

Finally, Figure 7 shows the results of displacements (evolutions) and stresses 
(distribution at different stages of the model) in the earth dam. The displacements are 
compared with measurements that were recorded during several years. Note that the 
discplacement increase around 1800 days is related with a peak in the water pressure 
curve (Figure 6). This is due to a collapse deformation induced by impoundment that 
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takes place in the clay core and the rockfill shoulders. Intensity and duration of rainfall 
events play a major role in the earth dam long term behavior. Stress distribution is quite 
sensitive to collapse, as the collapsing zones undergo unloading while the zones that 
remain more stiff undergo loading.     

Intervals in time 

As mentioned above, intervals in time are important in geotechnical applications. For 
instance, in the described case there are several intervals for which different actions take 
place. For instance, construction of each layer requires a time interval. Change in 
boundary conditions also requires a time interval. When GiD is used, an initial interval 
is defined and all the information is introduced. As new intervals are introduced, some 
information should be modified. A table time-value can also be incorporated if required 
for a given parameter.  

4. APPLICATION OF CODE_BRIGHT TO CIVIL ENGINEERING 
PROBLEMS. STABILITY OF TAILING DAMS 
Figure 8 and figure 9 show another example of geotechnical analysis. The model 
represents the construction of a dam made of mine tailings (Lloret y Olivella, 2005). An 
old waste fill which is similar to a clay material and that has low shear strength under 
undrained conditions is filling a valley where a salt tailing dam should be constructed. 
The model was used to predict the safety factor to failure using the shear strength 
reduction method. Accurate simulation of the construction of the layers that form the 
new dam is important as failure may take place during this process.    

 
0-10: Stress in situ according to natural conditions 
10-30: Construction of 15 m 
30-40: Construction of 5 m 
40-50: Construction of 5 m 
50-60: Construction of 5 m 
60-70: Construction of 5 m 
70-80: Construction of 5 m 

 
0-10 (natural profile) 

 
30 

 
40 

 
50 

 
60 

 
70 

 
80 (Final state) 

Figure 8:  Construction steps considered in the tailing dam calculation. 
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Figure 9. Displacement field at failure (undrained shear strength: 30 kPa). 

 

5. CONCLUDING REMARKS 
The customization of GiD for CODE_BRIGHT pre- and post- processing has been a 
successful task and we have available a user-friendly tool for advanced geotechnical 
analysis. Post process has been a relatively straight forward task. After some 
preliminary steps in the customization of the pre-process, CODE_BRIGHT was 
modified in some aspects related to boundary condition assignation to boundaries 
because the original development was not adequate for graphical introduction of 
boundary conditions. The success of the customization can be demonstrated by 
evaluating the capacity of solving problems directly through GiD. Several things can be 
improved including new capabilities but the steady state regime has been achieved. 

Geotechnical applications for unsaturated soils including thermal effects are probably 
the problems that make the difference of CODE_BRIGHT-GiD in comparison to other 
existing codes. CODE_BRIGHT was developed originally for analysis of radioactive 
waste disposal schemes that contain engineered barriers (made of compacted 
impermeable soils). Several utilities that were not foreseen in the original program 
development, such as structural elements, geotextiles and geomembranes, anchors, etc; 
should be developed in the future.  
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