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Figure H.2: Editing the insulation Database in 4C-Temp 

For the purpose of this study new entries were made in the insul at ion materials database 

specify ing the type and thickness of formwork and insulat ion used in the experimental 

work. 

Furihermore the software allowed us, as shown in Figure H.3, to specify the time 

interval s during which the insulat ion and/or form work was app lied . The time interva ls 

during which the formwork was in place were approx imated accord ing to the recorded 

form work striking times. 
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Figure H.3: Spec[fying the Time Period the Formwork was in Place 

H.S Defining the Heat Source 

The heat generated from the cement hydration process is the only so urce of heat 

cons idered in the 4C-Temp&Stress models. For each mi x that was modelled the heat 

released per kg of cement as a funct ion of its Arrhenius maturity was determined from 

ad iabatic tests . The data was stored in specially formatted fil es that could be read by 

4C-Temp&Stress. The heat source for each mix in the concrete database was specified 

by inputting (i .e. associating it with) one of this fil es as shown in Figure HA. It is 

important to note at thi s stage that the heat input used accounted for the fact that the 

heat released depends on concrete maturity, i. e. temperature and age, rather than just 

age. 
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Figure H.4: Defining the Concrete Heat Development in 4C-Temp 

H.6 Boundary Conditions 

H.6.1 Rad iation Function 
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Radiation heat tl uxes were modelled In 4C-Temp&Stress accord ing to the Stephan­

Boltzmann law, which was di scussed earlier on . The radiation coeffi cient, which was 

used for all concrete mixes modelled, simi larl y to COM SOL 3.2 was 

4.9896kJ/m2 Ihfc 4
. 
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H.6.2 Heat Convection 

The convective heat exchange/flow between the surface of a concrete element and its 

environment was calculated by 4C-Temp&Stress using Equation 1 

Where: 

k = heat transfer coefficient 

T = concrete temperature 

Text = external temperature 

Equation H.t 

[kJ/m2hQC] 

[QC] 

[QC] 

The overall heat transmission coefficient can be input directly into the program. 

Alternatively, as it was done for the purpose of this study, it can be calculated by the 

program as a function of the wind velocity and the form work and insulation properties 

using Equation H.2. 

Where: 

he = convective transmission coefficient 

kform = formwork thermal conductivity 

kins = insulation thermal conductivity 

dform = thickness of the formwork 

dins = thickness of the insulation 

H.7 Ambient Conditions 

Equation H.2 

[W/m2 0K] 

[W/moK] 

[W/m oK] 

[m] 

[m] 

The temperature of the surroundings was modelled in 4C-Temp&Stress using a sine 

function. The function was specified, as shown in Figure H.5, by inputting the start 

time and the maximum and minimum observed temperatures. The start time identifies 
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In hours, in the 24 hours time cycle, the starting point of the Sine curve. The Sine 

fun ction parameters for the OTI elements were obtained, as described ea rli er by 

carrying out a regress ion analys is on the OTl ambient temperature recordings. Similarl y 

the sine function parameters for the fast-track construction elements were ca lculated by 

carrying out a regress ion analys is on the ambient temperature data obta ined from the 

Met Office web site. 
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Figure H.5: Specifying the Ambient Conditions in 4C-Temp 

The follo wing tables show the sinuso idal equation parameters used to model the 

ambient conditions in 4CTemp&Stress. 
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Table H.1: 4C-Temp&Stress Sine Funct ion Details - Fast Track Construction 

Structural Elements 

Weather Starting Maximum Minimum 
Condition Time (hours) Temperature (oC) Temperature (oC) 
Summer 0 19.38 11.48 

Winter 0 10.94 5.05 

Table H.2: 4C-Temp&Stress Sine Function Details - DTI Structural Elements 

Weather Starting Maximum Minimum 
Condition Time (hours) Temperature (oC) Temperature (oC) 
Summer 0 20 12 
Winter 0 7 2 

The corresponding ambient temperature in a 24-hour cycle is shown in Figure H.6. 
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The wind veloc ity was specified in 4C-Temp&Stress by creating a new wind velocity 

entry as shown in Figure H.7. 
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Figure H.7: Specifying the Wind Velocity in 4C-Temp 

H.8 Fin ite Element Mesh and Solver Parameters 

The Finite element mesh was constructed by specifying in percentages of the largest 

extend the minimum di stance to the border and the density of the internal and external 

nodes. These constrai nts were entered in the ca lcu lation parameters section , as shown in 

Figure H.8. 
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...J 

The time specifications, i.e. the total process time, the desired time step and the time 

step factor were input just before so lving the models in the ca lculations parameter 

section, as shown in Figure H.8 and summarised in Table H.3. 

Table H.3: Finite Element Solver Parameters 

Total Process Time 672 hours 

Desired Time Step I hour 

Step Factor 0.5 
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APPENDIX 1- FEM IN-SITU TEMPERATURE MODELLING 
RESULTS 

Figures 1.1 to 1.9 and 1.10 to 1.27 show the FEM temperature mode ling results for the 

DTI and FTC structural elements respectively, which were not included in Chapter 7. 
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Figure 7.20: PFA 30 Summer Wall In-Situ Temperature 
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Figure 7.21: PFA 50 Summer Wall In-Situ Temperature 
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Figure 7.22: GGBS 30 Summer Wall In-Situ Temperature 
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Figure 7.23: GGBS 50 Summer Wall In-Situ Temperature 
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Figure 1.24: PFA 30 Winter Wall In-Situ Temperature 
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Figure 1.25: PFA 50 Winter Wall In-Situ Temperature 
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Figure 1.26: GGBS 30 Winter Wall In-Situ Temperature 
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Figure 1.27: GGBS 50 Winter Wall In-Situ Temperature 
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