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ABSTRACT 

This study is a part of the VeRCoRs 2018 benchmark arranged by the Electricité de France, EDF. Theme 
2 in this benchmark is focused on calculating the deformations caused by changes in temperature, 
humidity and creep of an experimental reactor containment (RC) built in 1/3 scale. In this study the 
Eurocode model for creep is applied by using the finite element software COMSOL Multiphysics. The 
results from the calculations are compared with actual measurements performed on the experimental 
RC. A series of pressurization tests have been analysed during a time period of 1.5 years which have 
been simulated with the model. 

 

INTRODUCTION 

A number of different studies have been initiated by the Swedish power industry with an overall 
objective to enhance and develop advanced calculation tools to analyse mechanics and transport 
mechanisms in nuclear power and hydropower concrete structures [1]. These studies have had focus on 
analysing the structural performance by scrutinizing deformation, strains, strength, fracture and 
cracking. In other projects, research have been focused on transport mechanism analysis including mass 
and heat transport within the concrete  [2]. Furthermore, a few studies have been conducted where both 
of these disciplines have been investigated simultaneously by combing these areas of research [3]. 

This study presents mechanical analyses of a prestressed concrete RC subjected to a series of well-
defined pressurization test. It is a part of the VeRCoRs benchmark 2018 arranged by Electricité de 
France, EDF. The results from the analyses have been compared with actual measurements performed i 
a number of positions in a real 1/3 scale pre-stressed concrete RC. The main features of the model are 
presented together with results from the case study on how the RC structure responds to the applied 
loads. The focus has been to use a model that is available to professional designers in order to investigate 
how well these models are able to predict creep in large concrete structures. 

HEAT TRANSFER MODEL 

Heat transfer was modelled by using the commonly used diffusion equation described by Eq. (1) 

 ∙ ∙  (1) 

where , is the density of concrete (assumed to be 2350 (kg/m3)), , is the specific heat capacity 880 
(J/kgK), and T is the temperature in (K), k is the heat conductivity for concrete assumed to be 1.8 
(W/mK). The heat released from the reaction between the cement and mixing water was not included in 
the analysis. 



MOISTURE TRANSPORT MODEL 

The model used for moisture transport is based on the conservation of mass and is described by using 
Eq. (2)  
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where  is the moisture capacity derived from the slope of the sorption isotherm expressed as 

moisture content (kg water/m3 of material),  represents the moisture transport coefficient with 
relative humidity as a driving potential,  is the relative humidity (-). Self-desiccation was not 
included in the moisture transfer model. 

DEFORMATIONS 

Deformations attributed to changes in the climate (temperature and humidity), internal loads (pre-
stressing of tendons) and external loads (Pressurization test) were included in the model. 
 
Thermally induced strains, , i.e. contraction and expansion, were modelled by using Eq. (3) 

 ∙  (3) 
where , is the thermal coefficient of concrete (assumed to 1.1 ∙ 10  (1/K)), , is the temperature in 
K, and  is the reference temperature in (K). 
 
Furthermore, humidity induced strains, i.e. swelling and shrinkage, were modelled by using Eq. (4) 

 ∙ ,  (4) 

where , is the shrinkage strain at time t, , is the initial moisture content,  is the moisture 
content at time t,  is the moisture content when in equilibrium with the current humidity exposure, 
and ,  represents the final shrinkage strain which was estimated to 0.05%. 
 
Creep was modelled by using Eurocode 2. In this model the creep coefficient,	 , , is described 
by Eq. (5) 

 , ∙ ,  (5) 

where , is the notional creep coefficient and ,  is a is a coefficient to describe the 
development of creep with time after loading. A detailed description of the applied creep model is 
found in Eurocode [4]. 
 
The creep strain was modelled by using Eq. (6) 

 , ∙  (6) 

where , is the compressive strength of the concrete and , is the elastic modulus. 
 
The total strain , is described by Eq. (7) 

  (7) 

where  is the elastic strain from the mechanical loads. 
  



CASE STUDY 

The model was applied to analyse a pre-stressed concrete RC, which was about 21 m high and had a 
radius of about 7.6 m. The concrete compression strength and the modulus of elasticity 50.8 MPa and 
31.8 GPa respectively was provided by Vercors 2018 Benchmark. The geometry used in this study 
represents 1/8th (45 degrees sector) of the RC and this is shown in Figure 1. It was redrawn from the 
original geometry data from the Vercors 2018 benchmark. The pre-stressed tendons of the geometry 
are shown in Figure 2. The tendons configuration was provided by the Vercors 2018 benchmark. 

 
Figure 1 Geometry of the concrete reactor containment 

adopted from Vercors 2018 benchmark 

 
Figure 2 Geometric configuration of the pre-stressed 

tendons provided by Vercors 2018 benchmark 

The tendons pre-stressing sequence was simplified in the model, and took place during 1 day where all 
tendons were assumed to be stressed simultaneously during that time. The pre-stressing force including 
pre-stress losses, was estimated to 613 kN per tendon, were calculated by using the model presented by 
Eriksson et al.[3] . The tendons modelled by using truss-elements with the assumption of no slip between 
concrete and tendons. Four pressurization tests with maximum 4.2 bar over pressure have been 
performed and those are simulated according to the time schedule provided by Vercors 2018 benchmark. 
Each test follows the test pressure sequence shown in Figure 3. In Figure 4, the actual temperature 
conditions inside (dashed line) and outside (solid line) of the RC are shown. 

 
Figure 3 Pressure test sequence of the pre-stressed 

concrete RC. 

 
Figure 4 Temperature inside and outside of the pre-

stressed concrete RC. 

The thermal and humidity boundary conditions on the concrete surfaces were applied differently in 
two separate cases. In one case they were assumed as constant and in the other case the actual 
conditions were used. The actual conditions were determined at four different locations of which one 
was used for outside conditions and one was used for inside conditions, provided by Vercors 2018 for 
a part of the time period. A convective heat flux and moisture flux was used at the concrete surfaces as 
a boundary condition. The initial temperature and humidity in the concrete were assumed to be 
uniform and set to the surrounding temperature and 90 % RH respectively. 
 



The surface mass transfer resistance with RH as a driving potential, ,was modelled by using Lewis 
relation [5], se Eq. (8) 

 
∙
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 (8) 

where, , is the convection heat transfer coefficient [W/(m2K)],  is the saturation vapour content 
[kg/m3] at the current temperature, , is the air density [kg/m3] assumed constant, and , is the 
heat capacity of air [J/(kgK)]. This model is an estimation of the surface mass transfer resistance. 

RESULTS AND DISCUSSION 

In this section results are evaluated at a specific point, H1EV, located at a level of +8.43 m and 
a radius of 7.58, which is located in the RC concrete wall. This point is located 0.12 cm from 
the external surface of the 0.4 m concrete wall. The results from the simulations performed by 
using the presented model, are shown in Figure 5 to Figure 6. In Figure 5, the predicted strains in 
vertical direction (dashed with diamond markers) are presented together with the measurements 
performed on the actual concrete containment (solid line), when a constant climate in 
temperature and relative humidity was set at the boundaries. The deformations were set to zero 
at the time of the first pressurization test. Figure 6 show the predicted vertical strains from the 
applied model (dashed line with diamond markers) when the actual climate conditions were set 
at the boundaries and the measured strains (solid line). 

 

Figure 5 Vertical strains at +8.43 m in an undisturbed 
cross-section (10-6 m/m) point of reference before the first 

pressurization test. 

 

Figure 6 Vertical tangential strains at +8.43 m in an 
undisturbed cross-section (10-6 m/m) point of reference 

before the first pressurization test. 

The predicted vertical strains, dashed line with diamonds, when assuming constant boundary 
conditions, follows a smooth curve, see Figure 5. Such a prediction is in agreement what could be 
expected. The magnitude of the predicted creep seems to be underestimated compared to the measured 
vertical strains, cf. slope between 200 and 500 days. The actual measured vertical strains, solid line, 
determined in that position are not in a good agreement with the prediction. However, the measured 
vertical strains in that particular point may be affected by the actual climatic conditions and therefore 
show a rather complicated deformation pattern. In addition, some of the sudden peaks in the actual 
vertical strain, cf. days 440 and 550, could be a result from cracking in the vicinity of the point. Such 
an event may result in sudden stress redistribution. In Figure 6 there is a better agreement between the 
predicted and the actual measured vertical strains. The overall shape of the strain curve from 
simulation and measurement are alike. It is clear that the predicted strains are underestimated 
compared with the actual strains, such findings are in agreement with Lundqvist [6] and Raphael et al. 
[7]. It is also clear that the environmental conditions have a large impact of the actual strains in this 
particular case. 
  



 
CONCLUSIONS 

A method to model axial deformation in COMSOL Multiphysics was developed. It is clear that the 
applied model is underestimating the creep. It is also clear that the impact of the environment on 
deformations may be large and it may therefore be useful to put some effort into predicting the climate 
as good as possible. 
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