
Short-Term Scientific Mission Summary 

 

Numerical modelling of loaded timber members exposed to fire 

 

 

Grantee: Anna Predonzani, MS Student 

Department of Engineering and Architecture, University of Trieste, Italy 

 

 

Host: Alar Just, Associate Professor 

University of Tallinn, Tallinn, Estonia 

SP Technical Research Institute of Sweden, Stockholm, Sweden 

 

 

Main supervisor: Isaia Clemente, Professor 

Department of Engineering and Architecture, University of Trieste, Italy 

 

 

Co-Supervisor: Matteo Izzi, Ph.D. Candidate 

National Research Council of Italy – Trees and Timber Institute (CNR IVALSA) 

Department of Engineering and Architecture, University of Trieste, Italy 

 

 

 

SP Technical Research Institute of Sweden, Stockholm, Sweden 

Department of Wood Building Technology 

March 24, 2016 – April 10, 2016 

 

 

 

 

 

 

 



1. Purpose of the STSM 
The purpose of the STSM was to develop a numerical model of a timber beam protected with 

gypsum plasterboards and insulation material, loaded in bending and exposed to fire. The numerical 

model was implemented in the commercial finite element (FE) software package ABAQUS. 

2. Description of the work 
Five heat transfer analyses were carried out on the above-mentioned system, at first considering a 

reference geometry and then by accounting for four additional cases, obtained by varying the aspect 

ratio of the beam and the thickness of the insulation material. Results of such analyses (temperature 

distributions within the system) were used as input parameters for ten thermo-mechanical analyses, 

carried out considering two different distributed pressures applied on the top of the timber beam 

(two simulations for each configuration, one for each load case). 

3. Main results  
The numerical results obtained from the heat transfer simulations investigated the temperature 

distribution within the cross-section of the systems. Furthermore, results obtained from the thermo-

mechanical analyses were used to investigate the mid-span deflection versus time of the system and 

the stress distribution in selected points of some reference cross-sections. Comparative analyses 

were conducted on all cases. 

 
 

4. Future collaboration with the host institution and foreseen publications 
The results of this STSM will be a part of the Grantee Master’s Thesis, which will be discussed in 

October 2016 at the University of Trieste (Italy). Based on the results of this STSM, a conference 

paper is scheduled to be prepared. 
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1. PREVIOUS COLLABORATION WITH THE HOST INSTITUTE 

The Grantee has been hosted at the Department of Wood Building Technology, SP Technical 

Research Institute of Sweden (Stockholm, Sweden) for 3 months. During the previous research 

period at the hosting Institute, the research studies carried out by the Grantee were aimed at 

investigating the heat transfer conduction within the cross section of timber elements protected with 

gypsum plasterboards and insulation material. Heat transfer analyses were carried out using the 

finite element software package ABAQUS, and were aimed at investigating the thermal behaviour of 

the insulation material. Analyses were carried out on a 2D shell model (schematized in Figure 1), 

and numerical results were compared with similar experimental results obtained at the SP Institute. 

Figure 2 displays the temperature distribution within the cross-section, obtained during a numerical 

simulation after 30 minutes and after 60 minutes of fire exposure, respectively. In the simulation, 

the gypsum plasterboard was removed after 30 minutes of fire exposure. 
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Figure 1: Geometry of the system used in the numerical simulations. 

a. b. 
Figure 2: Typical output of the heat transfer analyses (a) after 30 minutes and (b) after 60 minutes of fire exposure, 

respectively. Results displayed in contour of nodal temperature, setting the upper limit of the contour at 300°C to 

highlight the isotherm at such temperature. 



 

 

Figure 3 displays a comparison between experimental (solid coloured lines) and numerical (dashed 

coloured lines) results. Results are referred to three thermocouples located on the external surface of 

the insulation material at 50 mm (TC11), 100 mm (TC12), and 145 mm (TC13) from the bottom of 

the insulation element, respectively. The material properties of the insulation materials were 

calibrated by varying the conductivity and the specific heat. The numerical results displayed in 

Figure 3 are obtained using the best fitting of material properties obtained until now; however, there 

are still significant differences before 5 minutes (300 sec) that might be minimized by refining the 

calibration of the input parameters. 

 

 
Figure 3: Comparison between experimental and numerical results in terms of measured temperature against time. 

Results are referred to three thermocouples (TC11, TC12 and TC13, respectively) located on the insulation strip 

 

2. INTRODUCTION 

The increasing use of timber as a sustainable construction material is motivated by structural (high 

strength to weight ratio) and environmental (natural product) reasons. However, several issues arise 

when timber is exposed to fire, as the chemical reactions (pyrolysis and combustion) and the heat 

transfer generation reduce both the stiffness and the bearing capacity. Therefore, it is important to 

investigate the thermo-mechanical behaviour of timber elements protected with insulation materials. 



 

 

The thickness of the insulation is chosen with respect to performance-based prescriptions and based 

on the thermal characterization of the material. As a result, the system composed by a timber 

element with insulation material is characterized by a lower charring rate of the bearing element. 

Based on the complexity of the thermo-mechanical problem, the thermal properties of the insulation 

and the thermo-mechanical behaviour of the system are usually investigated separately. Therefore, 

in order to limit the requirement of experimental testing, the development of predictive models is 

encouraged (especially with respect to loaded systems).  

During this Short-Term Scientific Mission at the Department of Wood Building Technology, SP 

Technical Research Institute of Sweden (Stockholm, Sweden), a 3D model of a timber beam with 

gypsum plasterboards and insulation material, loaded in bending and exposed to fire was developed. 

This study is aimed at extending the results obtained during the previous collaboration, by 

investigating not only the heat transfer propagation within the cross section but also the structural 

behaviour of the system. This is possible by substituting the 2D shell elements used until now with 

3D solid elements, and by providing reliable descriptions of both the load applied on the timber 

element and the boundary conditions.  

 

The development of this new 3D solid model leads to several results and advantages, such as: 

x The prediction of the mid-span deflection of the system when the model is exposed to fire 

(mid-span deflection vs exposure time); 

x A prediction of the thermo-mechanical behaviour of the system when the vertical load is 

varying; 

x A prediction of the thermo-mechanical behaviour when the thickness of the insulation 

material and the aspect ratio of the timber element are varying; 

 

The numerical results obtained with those models could be compared, in the future, with the 

experimental results obtained on similar specimens tested. Furthermore, once calibrated, the model 

could be generalised to investigate the thermo-mechanical behaviour of setups that have not been 

tested yet (e.g. timber studs used in light frame timber walls). 

 

 

 

 

 

 

 



 

 

3. DESCRIPTION OF THE SYSTEM UNDER ANALYSIS  

3.1. Static design and verification of the timber beam 

A solid timber beam with strength class C50 is considered. The material properties of the timber 

beam were chosen based on the prescriptions included in the EN 338 (2009). The beam has a free 

bending length of 4200 mm and a cross-section of size 90 x 160 mm2. The surface exposed to fire is 

limited to the central 4000 mm, whereas the 100 mm in front of each support are left unexposed. 

The static design of the timber beam is done according to Eurocode 5 (EN 1995-1-1:2004/A2 2014) 

considering two fixed loads: a permanent load Gk,1 = 0,08 kN/m and an accidental load Qk,1 = 1,00 

kN/m. The contribution on the bearing capacity of the gypsum plasterboards and of the insulation 

material is neglected. 

In the following, the beam was verified for Ultimate Limit States and for Serviceability Limit 

States. A service class II was adopted. 

 

DESIGN LOAD AND DESIGN EFFECTS OF THE EXTERNAL LOADS 

The following design load was considered: 

𝐹𝑑 = 𝛾𝐺,1𝐺𝑘,1 + 𝛾𝑄,1𝑄𝑘.1 = 1,604 𝐾𝑁/m 

with: 

𝛾𝐺,1 = 1.3 (partial factor for permanent actions - G) 

𝛾𝑄,1 = 1.5 (partial factor for accidental actions - Q) 

 

Based on the previous calculation, the following design effects were considered: 

𝑀𝐸𝐷 =
𝐹𝑑𝑙2

8 = 3,53 𝐾𝑁𝑚 

𝑉𝐸𝐷 =
𝐹𝑑𝑙
2 = 3,36 𝐾𝑁 

 

ULTIMATE LIMIT STATES DESIGN - BENDING 

The timber beam is verified in bending ad the Ultimate Limits States whether σmd < fmd , with:  

𝜎𝑚,𝑑 =
𝑀𝐸𝐷

𝐽𝑥
𝑦𝑚𝑎𝑥 = 9,19 𝑁/𝑚𝑚2 

𝑓𝑚,𝑑 = 𝑓𝑚,𝑘
𝛾𝑚

𝑘𝑚𝑜𝑑 = 26,92 𝑁/𝑚𝑚2  

where: 

𝐽𝑥 = 𝑏ℎ3/12 = 30720000 mm4 (inertia of the rectangular section) 

𝑦𝑚𝑎𝑥  =  ℎ/2 =  80 𝑚𝑚 

𝑓𝑚,𝑘  =  50 N/mm2 (characteristic strength in bending of the selected timber) 



 

 

𝛾𝑚 =  1,3 (partial factor for material properties according to Eurocode 5) 

kmod = 0,7 (modification factor for duration of load and moisture content according to Eurocode 5) 

 

The verification is passed. 

 

ULTIMATE LIMIT STATES DESIGN - SHEAR 

The timber beam is verified in bending ad the Ultimate Limits States whether 𝜏𝑚𝑎𝑥 < 𝑓𝑣,𝑑, with: 

𝜏𝑚𝑎𝑥 = 1,5
𝑉𝐸𝐷

𝑏ℎ = 0,35 𝑁/𝑚𝑚2 

𝑓𝑣,𝑑 =
𝑓𝑣,𝑘

𝛾𝑚
𝑘𝑚𝑜𝑑 = 2,15 𝑁/𝑚𝑚2 

where: 

𝑓𝑣,𝑘= 4,00 N/mm2 (Characteristic strength in shear of the selected timber) 

 

The verification is passed. 

 

SERVICEABILITY LIMIT STATES DESIGN – INSTANTANEOUS DEFLECTION 

The following instantaneous deflections have to be considered: 

x Instantaneous deflection due to the permanent load 𝑢𝑖𝑛𝑠𝑡,𝐺 = 5
384

𝐺1,𝑘𝑙4

(𝐸𝐽) = 0,64 𝑚𝑚 

x Instantaneous deflection due to the variable loads:  𝑢𝑖𝑛𝑠𝑡,𝐺 = 5
384

𝑄1,𝑘𝑙4

(𝐸𝐽) = 8,24 𝑚𝑚  

 

In our condition the shear deflection is not influent, so it has to be verified that  

𝑢𝑖𝑛𝑠𝑡,𝐺 <
𝑙

300 = 14 𝑚𝑚 

𝑢𝑖𝑛𝑠𝑡,𝑄,1 < 𝑙
500

 = 8,40 𝑚𝑚  

 

Both verifications are passed. 

 

SERVICEABILITY LIMIT STATES DESIGN – FINAL DEFLECTION 

The final deflection is calculated as follows: 𝑤𝑛𝑒𝑡,𝑓𝑖𝑛 = 𝑤𝑖𝑛𝑠𝑡 + 𝑤𝑐𝑟𝑒𝑒𝑝 − 𝑤𝑐, where: 

𝑢𝑓𝑖𝑛,𝐺 = 𝑢𝑖𝑛𝑠𝑡,𝐺(1 + 𝑘𝑑𝑒𝑓) is the elastic deflection due to permanent loads 

𝑢𝑓𝑖𝑛,𝑄,1 = 𝑢𝑖𝑛𝑠𝑡,𝑄,1(1 + \
2,1

𝑘𝑑𝑒𝑓) is the deflection due to accidental loads 

𝑤𝑐: precamber, which is neglected in this study 

 



 

 

The timber beam is verified at the Serviceability Limit States whether 

 𝑤𝑛𝑒𝑡,𝑓𝑖𝑛 < 𝑙
350⁄ ,  

where 𝑙 350⁄ = 12,00 𝑚𝑚 is defined according to Eurocode 5. 

 

It results that 𝑤𝑛𝑒𝑡,𝑓𝑖𝑛 = 9,76 𝑚𝑚. Therefore, the verification is passed. 

 

3.2. Description of the numerical model 

The numerical model was assembled using the input parameters adopted in the static design of the 

timber beam. To limit the computational effort required to carry out the simulations, only a quarter 

of the original system was modelled. The longitudinal symmetry and the transversal symmetry were 

simulated using specific boundary conditions. It should be noticed that the fire exposure was limited 

to 4000 mm, leaving the last 100 mm in front of the support unexposed. This was chosen in order to 

avoid convergence issues with the finite element software package. A three-dimensional view of the 

numerical model is given in Figure 4, whereas Figure 5a and 5b show the cross-section and the 

longitudinal view of the system, respectively. 

 
Figure 4: 3D view of the numerical model. Thanks to the symmetrical system, half of the section and half of the length 

were modelled, respectively.  



 

 

a. b. 
Figure 5: (a) Cross-section view of the numerical model (half section modelled, thanks to the longitudinal symmetry) 

and (b) longitudinal view of the model and support (half-length modelled, thanks to the transversal symmetry). 

 

The numerical simulations were carried out on the geometrical system described in Section 3.1. (in 

the following referred to as Case 1). Moreover, four modified configurations were considered (in 

the following referred to as Cases 2 to 5, respectively). The original configuration and the modified 

ones are briefly summarized below. A bold notation is used to highlight the parameters that were 

varied compared to the original configuration. 

 

Case 1. Original configuration  

(Beam 90 mm x 160 mm x 4200 mm, Insulation 25 mm x 160 mm x 4200 mm) 

Case 2. Higher beam and higher insulation  

(Beam 90 mm x 200 mm x 4200 mm, Insulation 25 mm x 200 mm x 4200 mm) 

Case 3. Original beam and thicker insulation 

(Beam 90 mm x 160 mm x 4200 mm, Insulation 50 mm x 160 mm x 4200 mm) 

Case 4. Higher beam and higher and thicker insulation 

(Beam 90 mm x 200 mm x 4200 mm, Insulation 50 mm x 200 mm x 4200 mm) 

Case 5. Thicker beam and original configuration of insulation 

(Beam 110 mm x 160 mm x 4200 mm, Insulation 25 mm x 160 mm x 4200 mm) 

 

The external load (composed of the permanent load and the accidental load) was applied on top of 

the beam as a distributed pressure; analyses were carried out considering two different design loads: 

 

Load A: Design load according to the static design of the timber beam, i.e. 24 N/mm2 

Load B: The previous load is doubled up, i.e. 48 N/mm2 

 

The fire exposure was defined according to the ISO 834 (2014). The analyses investigated the 

thermo-mechanical response of the system during one hour of exposure (3600 sec). 



 

 

The numerical model was meshed using eight nodes HEX elements. A preliminary analysis was 

carried out considering solid elements with size equal to 5 mm. However, the size of the solid 

elements was increased up to 10 mm in the subsequent analyses, to reduce the computational effort 

and the time required to carry out the analyses. The error introduced by such simplification is 

negligible. A comparison of the above-mentioned cases is shown in Figure 6; Figure 6a shows the 

temperature distribution within the cross section when a 5 mm thick mesh is used while Figure 6b 

shows the same situation when a 10 mm thick mesh is used. Results describe the temperature 

distribution within the cross section after 20 minutes of fire exposure. 

a)   b) 
Figure 6: Typical output of the heat transfer analyses after 20 minutes of fire exposure (a) for a 5 mm mesh and (b) for 

a 10 mm mesh, respectively. Results displayed in contour of nodal temperature, setting the upper limit of the contour at 

300°C to highlight the isotherm at such temperature. 

 

Five heat transfer analyses (one for each case) and ten thermo-mechanical analyses (two for each 

cases, one with Load A and one with Load B, respectively) were performed, respectively. For each 

case, at first the heat transfer analysis was performed. The time varying thermal distributions 

obtained from the heat transfer analysis was used afterwards as input parameter for the thermo-

mechanical analyses. 

 

It should be also noticed that the external load was maintained constant even though the size of the 

timber beam and of the insulation material were increased. Furthermore, the thickness of the 

gypsum plasterboard was not considered, as well as the possibility of making the gypsum 

plasterboard falling off during the analysis. Such aspects will be investigated in detail in the 

subsequent developments of this study. 

 

 

 



 

 

3.3. Input parameters 

The thermal behaviour of timber was defined according to the prescriptions included in EN 1995-1-

2 (2004). The input parameters are briefly summarized in the following figures (Figures 7-11). 

 

 

Figure 7: Temperature-thermal conductivity relationship for wood and the char layer. 

 

 
Figure 8: Temperature-thermal conductivity relationship for wood and the char layer. 

 

 

Figure 9: Temperature-specific heat relationship for wood and charcoal. 



 

 

 
Figure 10: Temperature-density ratio relationship for softwood with an initial moisture content of 12%. 

 

 
Figure 11: Specific heat capacity and ratio of density to dry density of softwood for service class 1 

 

The thermo-mechanical behaviour of timber was also defined according to the prescriptions of EN 

1995-1-2 (2004). The input parameters are briefly summarized in Figures 12 and 13. 

 

 
Figure 12: Reduction factor for strength parallel to grain of softwood. 



 

 

 
Figure 13: Effect of temperature on modulus of elasticity parallel to grain of softwood. 

 

The thermo-mechanical properties and behaviour of the mineral wool was defined based on the TPS 

test results given by the producer. The thermo-mechanical properties and behaviour of the gypsum 

plasterboard was defined using the input data are given by the producer. 

 

4. NUMERICAL SIMULATION AND DISCUSSION 

 

4.1. Heat transfer analyses 

The time-temperature curve of the following five points were analysed (see Figure 14): 

 

Point A: Bottom of the timber beam, on the symmetry plane of the system 

Point B: Bottom of the timber beam, on the opposite side of point A 

Point C: Top of timber beam, on the symmetry plane of the system 

Point D: Bottom of the exposed gypsum plasterboard, on the symmetry plane of the system 

Point E: Middle height of the timber beam, on the external side of the transversal section 
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Figure 14: Position of the reference points placed within the cross-section. 

 



 

 

 
Figure 15: Temperature vs time for Point A, obtained from the numerical simulations. 

 

 
Figure 16: Temperature vs time for Point B, obtained from the numerical simulations. 

 

 
Figure 17: Temperature vs time for Point C, obtained from the numerical simulations. 



 

 

 

 
Figure 18: Temperature vs time for Point D, obtained from the numerical simulation. 

 

 
Figure 19: Temperature vs time for Point E, obtained from the numerical simulations. 

 

Results of the heat transfer analyses have shown that the geometry of the system does not have an 

influence on the first four points considered (Figures 15 to 18, respectively). On the contrary, 

significant differences can be observed in Point E (Figure 19). 

 

Furthermore, it should be noticed that the results obtained on Point D (Figure 18), which refer to the 

exposed side of the gypsum plasterboard resemble the shape of the fire curve prescribed in ISO 834 

(2014). 

 

 

 



 

 

4.2. Vertical deflection 

The vertical deflection of the system was analysed considering two reference sections. The first is 

located at z = 2,10 m (mid-span section), whereas the second is located at z = 1,10 m. The vertical 

deflections were extracted for both load cases and results have been compered. 

 

As visible from Figures 20 and 21, the vertical deflection versus time has a linear trend, except for 

three situations around 300 sec, 1200 sec and 2300 sec, respectively. The mechanical behaviour of 

the system at those moments can be explained based on the results of the heat transfer analyses. In 

particular, it was found that at around 300 sec the temperature of the timber beam starts increasing, 

whereas around 2300 sec the timber beam reaches the temperature of 300 °C and starts charring. 

 

It should be also noted that, due to some plastic redistributions inside the timber beam, the final 

deflection of the system loaded with a distributed pressure of 48 N/mm2 (Load B) is not the exact 

double of the deflection measured with half of that pressure (Load A). Therefore, future studies will 

focus on the mechanical behaviour of the damaged beam to highlight the residual load-carrying 

capacity. 

 

Numerical results obtained with Cases 1 and 3 (original system and system with thicker insulation 

material, respectively) have not shown significant discrepancies; therefore, it can be said that (at 

least in the first 60 minutes of fire exposure) the thickness of the insulation material does not affect 

significantly the mechanical behaviour of the system. Therefore, future studies will focus on the 

mechanical behaviour after 60 minutes of fire exposure, in order to gain a better knowledge of the 

mechanical behaviour close to the system failure. Similar remarks are also valid for Cases 2 and 4, 

respectively, in which a higher timber beam was considered (and the insulation materials were 

simulated using the same thicknesses used in the previous simulations). 

 

Finally, it can be observed that the vertical displacement in z = 2.10 m (mid-span deflection) and in 

z = 1.10 m have two different trends due to the elastic deformation in bending of the timber beam.  

 

 

 



 

 

 a.

 b. 
Figure 20: Vertical deflection vs time – z = 2.10 m – (a) Load A and (b) Load B. 

 a. 

 b. 
Figure 21: Vertical deflection vs time – z = 1.10 m – (a) Load A and (b) Load B. 

 



 

 

4.2. Stresses 

The σ33 stresses were analysed in both points A and B, located in correspondence of the bottom side 

of the timber beam, the first on the symmetry axis and the second in the opposite side of the timber 

element, respectively. Such stresses have been recorded with both load cases (Load A and B, 

respectively). 

 

Results extracted from the numerical simulations have a similar trend like those observed for the 

vertical deflection, i.e. a generally linear trend with three singular points at around 300 sec, 1200 

sec and 2300 sec. Those singular points can be explained by means of the results of the heat transfer 

analyses. In particular, at around 300 sec the temperature of the timber beam starts increasing, 

whereas around 2300 sec the timber beam reaches the temperature of 300 °C and starts charring. 

 

As the timber charring proceeds the σ33 stresses in point B are usually lower than those measured in 

point A, due to the reduced mechanical properties of timber. Furthermore, when the charring 

reaches the side of the timber beam, the σ33 stresses in point B decrease significantly. 

 

Future studies will also investigate the mechanical behaviour of timber near the charred layer. In 

particular, additional simulations are required to investigate more in detail what happens at around 

2400 sec (when the σ33 stresses revert their sign, from positive to negative).  

 

In a similar way to what was explained in the previous sub-section, the σ33 stresses measured in 

Cases 1 and 3 (original system and system with thicker insulation material, respectively) have not 

shown significant discrepancies; the same comments can be addressed to Cases 2 and 4, where the 

numerical results are more or less coincident. Finally, interesting differences were observed in Case 

5, as the pressure was the same considered in the previous cases (24 N/mm2 and 48 N/mm2, 

respectively) but, due to the increased thickness of the timber beam, the total force applied to the 

system is higher. 

 

 

 



 

 

 a. 

 b. 
Figure 22: Stress σ33 vs time – Case1 – (a) z = 2,10 m and (b) z = 1,10 m 

 

 a. 

 b. 
Figure 23: Stress σ33 vs time – Case2 – (a) z = 2,10 m and (b) z = 1,10 m 



 

 

 a. 

 b. 
Figure 24: Stress σ33 vs time – Case3 – (a) z = 2,10 m and (b) z = 1,10 m 

 

 a. 

 b. 
Figure 25: Stress σ33 vs time – Case4 – (a) z = 2,10 m and (b) z = 1,10 m 



 

 

 a. 

 b. 
Figure 26: Stress σ33 vs time – Case5 – (a) z = 2,10 m and (b) z = 1,10 m 

 

 

 

 

 

 



 

 

a. d. 

b. e. 

c. 
 

f. 
 

Figure 27: Nodal temperature, obtained from the unloaded heat transfer analyses in z = 2.10 m, referred to Cases 1 and 

3, respectively. (a) Case 1 – after 10 min; (b) Case 1 – after 30 min; (c) Case 1 – after 60 min; (d) Case 3 - after 10 min; 

(e) Case 3 – after 30 min; (f) Case 3 - after 60 min. 



 

 

a. d. 

b. e. 

c. 
 

f. 
 

Figure 28: Nodal temperature, obtained from the unloaded heat transfer analyses in z = 2.10 m, referred to Cases 2 and 

4, respectively. (a) Case 2 – after 10 min; (b) Case 2 - after 30 min; (c) Case 2 – after 60 min; (d) Case 4 - after 10 min; 

(e) Case 4 - after 30 min; (f) Case 4 - after 60 min. 



 

 

a. d. 

b. e. 

c. 
 

f. 
 

 
Figure 29: Nodal temperature, obtained from the unloaded heat transfer analyses in z = 2.10 m, referred to Cases 1 and 

5, respectively. (a) Case 1 - after 10 min; (b) Case 1 - after 30 min; (c) Case 1 – after 60 min; (d) Case 5 - after 10 min; 

(e) Case 5 - after 30 min; (f) Case 5 - after 60 min. 



 

 

a. d. 

b. e. 

c. 
 

f. 
 

Figure 30: σ33 stresses mid-section, obtained from the unloaded heat transfer analyses in z = 2.10 m, referred to Cases 1 

with different applied pressures. (a) Load A – after 10 min; (b) Load A - after 30 min; (c) Load A – after 60 min;        

(d) Load B - after 10 min; (e) Load B - after 30 min; (f) Load B - after 60 min. 

 



 

 

a. d. 

b. e. 

c. f. 
Figure 31: σ33 stresses mid-section, obtained from the unloaded heat transfer analyses in z = 2.10 m, referred to Cases 2 

with different applied pressures. (a) Load A – after 10 min; (b) Load A - after 30 min; (c) Load A – after 60 min;        

(d) Load B - after 10 min; (e) Load B - after 30 min; (f) Load B - after 60 min. 

 



 

 

a. d. 

b. e. 

c. f. 

 

Figure 32: σ33 stresses mid-section, obtained from the unloaded heat transfer analyses in z = 2.10 m, referred to Cases 3 

with different applied pressures. (a) Load A – after 10 min; (b) Load A - after 30 min; (c) Load A – after 60 min;        

(d) Load B - after 10 min; (e) Load B - after 30 min; (f) Load B - after 60 min. 

 



 

 

a. d. 

b. e. 

c. f. 
Figure 33: σ33 stresses mid-section, obtained from the unloaded heat transfer analyses in z = 2.10 m, referred to Cases 4 

with different applied pressures. (a) Load A – after 10 min; (b) Load A - after 30 min; (c) Load A – after 60 min;        

(d) Load B - after 10 min; (e) Load B - after 30 min; (f) Load B - after 60 min. 



 

 

a. d. 

b. e. 

c. f. 
Figure 34: σ33 stresses mid-section, obtained from the unloaded heat transfer analyses in z = 2.10 m, referred to Cases 5 

with different applied pressures. (a) Load A – after 10 min; (b) Load A - after 30 min; (c) Load A – after 60 min;        

(d) Load B - after 10 min; (e) Load B - after 30 min; (f) Load B - after 60 min. 

 



 

 

5. FUTURE COLLABORATION AND FORESEEN PUBLICATIONS 

The results of this STSM will be a part of the Grantee Master’s Thesis, which will be discussed at 

the University of Trieste in October 2016. Moreover, a conference paper is scheduled to be 

prepared based on the results obtained during this collaboration with the hosting institute. 
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