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ABSTRACT 

The present paper evaluates the reliability of a 

correction proposed in a previous work (Gasparella et 

al., 2011) to extend the dynamic heat transfer 

characteristics, such as the periodic thermal 

transmittance, time shift and decrement factor to non-

sinusoidal periodic solicitations. The correction is 

based on the comparison of the real profile of the 

solicitation with its first harmonic component. The 

sol-air profiles for different orientations and climatic 

contexts are analyzed and applied to different opaque 

components. Predictions of the EN ISO 13786 with 

sinusoidal forcing temperature and the corrected 

values are assessed, comparing the results with the 

ones obtained with the EN ISO 13786 procedure 

applied on the Fast Fourier Transform decomposition 

of the external forcing sol-air temperature. 

INTRODUCTION 

A reliable estimation of buildings performance in the 

cooling season is a crucial issue, especially in central 

and southern Europe climates. The evaluation of 

summer behavior, both in the case of building with 

cooling plants and of passive building where the 

comfort conditions depend on the performance of the 

envelope, is a critical topic. The EN ISO 13786:2007 

technical standard introduces some dynamic thermal 

characteristics which are useful both for characterize 

the qualitative response of an opaque component, and 

to evaluate its quantitative performance under 

sinusoidal boundary conditions. The importance of 

those dynamic characteristics, sometimes defined in 

slightly different ways, is widely discussed in the 

literature. In particular, Kontoleon and Bikas (2007) 

and Kontoleon and Eumorfopoulou (2008) imposed 

non sinusoidal periodical solicitation, for south 

oriented walls or for differently oriented walls 

respectively, and analyzed the effect of the outdoor 

absorption coefficient on time lag, decrement factor 

and temperature variations. In a previous work 

(Gasparella et al., 2011) the authors assessed the 

deviations arising by the use of the EN ISO 13786 

dynamic transfer characteristics of an opaque 

envelope element under periodic non sinusoidal 

boundary conditions, considering also different 

numerical approaches, such as Finite Difference 

Methods (FDM) and Transfer Function Methods 

(TFM) - using TRNSYS and EnergyPlus -. A 

correction was proposed for the dynamic transfer 

characteristics values. The present paper evaluates 

the reliability of the proposed correction for different 

multilayer wall given different profiles of the forcing 

temperature for 3 different climatic zones, 5 

orientations and different absorption coefficients. 

METHODS 

Dimensional analysis 

The EN 13786:2007 Standard defines the thermal 

admittance (1) and the periodic thermal transmittance 

(2) as the ratio between the complex amplitude of the 

heat flux density through the wall surface (adjacent 

the m-zone) and the complex amplitude of the 

temperature of the same zone m or the one of the 

zone n respectively, when the other side temperature 

is constant. 

    
   

   

 (1) 

     
   

   

 (2) 

Thanks to Eq. (1) and (2) it is possible to compute 

the decrement factor (3). 

  
     

 
 (3) 

The standard rule defines the heat transfer matrix Z 

of each layer, that correlates the complex amplitudes 

of the temperature and heat flux on one side of the 

component with the same physical quantities on the 

other side (4) (where subscripts 1 and 2 refer to the 

internal and to the external side, respectively). 
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where: 
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The expression of the decrement factor has been 

derived for a single-layer wall subjected to a forcing 

temperature on the external side and to a convective 

flux on the internal one. The resulting heat transfer 

matrix Z of the component is the product between the 

matrix Z1 of the single wall layer 1 and the matrix ZS 

of internal boundary layer S (8). The superscripts 1 

refer to the single layer wall. 
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Thus, the expression of the element Z12 has been 

derived and inserted in the definitions of the periodic 

thermal transmittance (9) and of the decrement factor 

(10). 
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The resulting expression for the decrement factor 

(11) has been obtained for a single layer wall as a 

function of the Biot (14) and Fourier numbers (15), 

in order to point out its dependence from the main 

thermophysical parameters. It is worth to observe 

that the period T of the forcing temperature has been 

chosen as time scale for the Fourier number (15). 
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Table 1 

Test components 
 

 COMPONENT LAYERS U [W m-2 K-1] 

A5 
20 cm clay block;  

5 cm insulation 0.413 

A10 
20 cm clay block;  

10 cm insulation 0.273 

A15 
20 cm clay block;  

15 cm insulation 0.203 

B5 
5 cm insulation;  

20 cm clay block 0.413 

B10 
10 cm insulation;  

20 cm clay block 0.273 

B15 
15 cm insulation;  

20 cm clay block 0.203 

C5 
20 cm clay block; 5 cm 

insulation; 10 cm clay block 0.355 

C10 
20 cm clay block; 10 cm 

insulation; 10 cm clay block 0.246 

C15 
20 cm clay block; 15 cm 

insulation; 10 cm clay block 0.188 

D5 
10 cm clay block; 5 cm 

insulation; 20 cm clay block 0.355 

D10 
10 cm clay block; 10 cm 

insulation; 20 cm clay block 0.246 

D15 
10 cm clay block; 15 cm 

insulation; 20 cm clay block 0.188 

M10 10 cm clay block 1.299 

M20 20 cm clay block 0.855 

M30 30 cm clay block 0.637 
 

In table 1 the test opaque components main features 

(compositions and thermal transmittances) have been 

reported. The decrement factor has been plotted as a 

function of the Biot and Fourier number obtaining a 

continuous function that can be easily represented on 

a bi-logarithmic plane (Figure 1, 2). The decrement 

factor is an increasing function of Fo and Bi, 

showing a greater dependence from the former. 

Figure 1 shows the values of the decrement factor 

computed for the test single-layer components (i.e., 

M10, M20, M30 - square filled marks) subjected to a 

sinusoidal forcing temperature of 24 hours period. In 

the same figure also the decrement factors computed  
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Figure 1 Decrement factor Vs (Bi, Fo) for the test single-layer components (M10, M20, M30) subjected to a 

sinusoidal forcing temperature of 24 hours period (i.e., the fundamental signal - square filled empty marks) and 

to the first 8 harmonics (square empty marks) 

 

for 8 sinusoidals of harmonic period (the 1st 

harmonic is the fundamental) of the original one have 

been plotted (square empty marks). The values 

computed for the fundamental signal and the ones 

relevant to the harmonics have the same Bi value and 

decreasing Fo values. The range between the 

fundamental and the 9th harmonics is represented by 

a constant bandwidth. The area of the diagram within 

that bandwidth includes the decrement factor values 

of the chosen component type for each considered 

harmonic. The diagram points out analytically the 

lower capability of thin layer walls (i.e., lower mass 

walls, M10) in filtering the upper harmonics with 

respect of thicker layer ones (i.e., greater mass walls, 

M30). That is confirmed by the greater shift towards 

left the M30 harmonics are subjected to. In 

particular, for all the computed harmonics the values 

of the decrement factor for M10 are greater than 

0.15, while for M30 they are lower than 0.1. 

Figure 2 shows the values of the decrement factor 

computed for a sinusoidal forcing temperature of 24 

hours period for the test single-layer components 

varying the wall thickness (i.e., M10, M20, M30 - 

black square marks). The increase of the wall 

thickness causes a decrease of the decrement factor, 

showing a peculiar relation with respect to the non-

dimensional factors. In particular, the points 

individuate a linear function on the bilogarithmic 

diagram i.e., a power law (16) between the Biot and 

Fourier numbers. 

         (16) 

A sort of sensitivity analysis has been also carried out 

both decreasing the thermal conductivity (i.e., 0.5× 

- red square marks) and increasing the density (i.e., 

2× - blue square marks). The values assumed by the 

power law coefficients (A, n) have been plotted in 

figure 2. 

It is possible to assess that the doubling of the heat 

capacity or the halving of the thermal conductivity 

produces a simple translation of the curves (i.e., 

changes only the coefficient A). 

A decrease in the conductivity value produces an 

increase of the A coefficient, while the greater the 

heat capacity, the lower is the A value. 

 

Figure 2 Decrement factor Vs (Bi, Fo) for the test 

single-layer components (M10, M20, M30), varying 

the thermal conductivity and the density. 
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Figure 3 Decrement factor for all the test 

components Vs the harmonic numbers 
 

Figure 3 shows the decrement factor computed for all 

the test components versus the harmonic numbers. 

All the considered multi-layer walls are characterized 

by a filtering capability greater than the 20 cm single 

layer block (M20). That is reasonable - considering 

in particular the two layered components - since they 

present an insulation layer over a 20 cm block. In 

these calculations also the effect of the external 

thermal resistance has been taken into account. 

Sol-air profiles characterization 

The sol-air temperature has been considered as the 

external input solicitation, deduced from the thermal 

fluxes elaborated by the simulation code EnergyPlus 

for a single component and for the month of July in 

each one of the three climates selected (Milan, Rome 

and Palermo) and for five orientations (north, east, 

west, south and horizontal). Within the aim to study 

the influence of the shape of solicitation signal, as 

proposed by Kontoleon and Bikas (2007), the 

coefficient of solar absorptance has been varied from 

0 to 1, with a step of increase of 0.1. In figure 4 the 

sol-air temperatures for the location of Rome have 

been represented for the different orientations. The 

weather data employed have been provided by the 

U.S. Department of Energy (DOE, 2009) and belong 

to the International Weather for Energy Calculation 

(IWEC) by ASHRAE. They have opportunely 

modified in order to derive a typical daily profile, 

calculating the average hourly profiles for the 

outdoor temperature, solar direct normal radiation, 

solar diffuse horizontal radiation and global 

horizontal infrared radiation. New weather files have 

been created with these profiles. Any reflected solar 

component has been neglected, setting the ground 

reflection coefficient to zero. 

The simulation software has been used to reconstruct 

the thermal heat balance on the external wall surface 

and, in particular, to elaborate three linearized 

coefficients for the IR exchanges, hr,gnd , hr,air and 

hr,sky , respectively for ground, air and sky. The IR 

thermal flux is then: 

                       

                   

                    

 

(17) 

Where θs,2   θgnd  θair and θsky are the surface, ground, 

air and sky temperatures. Adding the convective flux: 

                     

 

(18) 

where hc,2 is the external convective coefficient, and 

considering the ground temperature equal to the 

outdoor air temperature (as in the EnergyPlus 

approach), the whole thermal loss from the external 

surface can be expressed as: 

                                   

            

                   

 

(19) 

Defining: 

                               

 

(20) 

and adding the solar radiation absorbed, the total 

exchange from the external surface is: 

                         

                      

 

(21) 

In accordance with the definition of the sol-air 

temperature         : 

                              
 

(22) 

It results: 

              
                    

  

 

 

(23) 

The hr,sky values show small deviations according to 

the different wall typologies considered but they can 

be neglected. The maximum deviation on the          

is less than 0.07°C (i.e., the 0.175% of the computed 

value) while the mean deviation is less than 0.02°C. 

Thus, it is possible to assume an unique          

profile for each orientation. The considered 

discretization is 15 minutes, equal to the simulation 

timestep. The elaborated profiles are quite similar for 

the three locations considered, differing only for the 

mean values and the amplitudes. As a consequence of 

this and aiming to analyze the shape of the forcing 

solicitations, in the correction calculations, only the 

climate of Rome has been selected. 
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Figure 4 Example of the sol-air temperatures elaborated for the month of July for Rome: the red, blue, green, 

orange and purple lines represent, respectively the east, the west, the horizontal, the south and the north 

orientations for solar absorption coefficient ranging from 0.1 to 1. 

 

In order to simulate the response of a component 

subjected to an external real forcing condition, the 

temperature variation along the characteristic day as 

sol-air temperature, was decomposed in different 

harmonics, and the EN ISO 13786:2007 standard 

procedure was adopted to evaluate the periodic 

thermal transmittance for each harmonic. The system 

responses to each harmonic component of the input 

solicitation were finally recombined in a global 

periodic output (internal surface temperature or heat 

flux). For this purpose the Fast Fourier Transform 

(FFT) algorithm (Press et al., 2007) has been applied, 

computing the harmonics of the original solicitation. 

Truncating the series to the ninth harmonic the sol-air 

temperature approximation is given by: 

                              

                        

 

   

                                   

 

   

 

(24) 

The internal flux was then calculated as: 

                                    (25) 

with: 

                    (26) 

  

where    is the internal air temperature. In Eq. (27) 

      is the periodic thermal transmittance calculated 

according to the EN ISO 13786:2007 for the k-th 

harmonic. 

                     

 

   

   

                   

 

   

                                

 

   

 

(27) 

For k=1,       corresponds to the     “conventional” 

periodic thermal transmittance. The flux amplitude is 

then given by: 

        
 

 
             

 
 

 
             

 (28) 

Correction procedure 

In order to extend the EN ISO 13786 thermal 

dynamic transfer parameters (named “conventional 

values”) to the real external solicitations and to 

compare them with the calculated ones with different 

numerical and analytical approaches (i.e., FFT 

analysis, dynamic simulation codes, finite differences 

schemes), the conventional periodic thermal 

transmittance values have been corrected. The 

correction factor proposed is defined as equal to the 

ratio between the amplitude of the fundamental 

harmonic (1) and the amplitude of the real forcing 

temperature (Gasparella et al., 2011). This is 

expected to give a good agreement with the other 

calculated data when the behavior of the component 

can be approximated by the response to the first 

harmonic. Considering the Eq. (29): 
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The following approximation holds: 

                                       

                    (30) 

Thus, the calculated periodic transmittance in this 

case is: 

            
                

         

 (31) 

The “conventional” periodic transmittance can be 

representative for the response of the system to the 

first harmonic component of the sol-air forcing 

temperature and can be used to explain the 

component behavior only when the approximation 

expressed by Eq. (30) can be considered valid. This 

is always the case of the considered walls with 

decrement factors minor than 0.1 for the harmonics 

with a magnitude greater than the first one, as 

happens in almost all the considered cases except for 

the M10. Moreover, the correction proposed is 

independent from the wall composition and depends 

only on the sol-air profile. The “conventional” time 

shift is computed as the time difference between the 

peaks of the first harmonic flux and the first 

harmonic of the sol-air temperature. With the FFT 

analysis the time shift can be estimated in an 

equivalent way as the difference between the 

effective flux and temperature peaks. In this case the 

suggested correction is carried out subtracting to the 

conventional value the time shift occurring between 

the peak of the first harmonic and the peak of the 

“real” forcing sol-air temperature, as in Eq. (32). 

                                 

                  
(32) 

The accuracy of the correction of the time shift is 

clearly dependent on the discretization of the sol-air 

temperatures used in the calculations. 

DISCUSSION AND RESULTS 

ANALYSIS 

The proposed correction procedure has been applied 

both to the periodic thermal transmittance and to the 

time shift calculations, considering Rome climatic 

zone. The results have been reported in figures 5, 6. 

Relating to the periodic thermal transmittance, the 

correction factors present different trends depending 

on the orientations: 

- for the north oriented walls, the values belong to 

the range 0.9-1, with a maximum for an 

absorptance of 0.5; 

- for the east, the correction decreases when the 

absorptance grows, from a value of 0.95 to a 

value of 0.65, which seems to be asymptote; 

- for the west, the trend is similar to the east case 

but the decrement is lower and the minimum is 

at 0.74 when the absorptance is 1; 

 
Figure 5 Correction factors for the conventional 

periodic thermal transmittance for the month of July 

in Rome 

 
Figure 6 Corrections for the conventional timeshift 

for the month of July in Rome 

 

- for the south oriented walls, the correction 

values slightly decrease when the solar 

absorptance grows but all the factors are around 

0.9; 

- for the horizontal the trend is growing, from 

0.95 to 0.99. 

All the orientations assume the same value 0.95 when 

the solar absorptance is zero, which represents the 

correction due to the infrared flow towards the sky 

dome. 

Observing the time shift, the correction addends have 

a decreasing behavior for all the orientations, for an 

absorptance greater than 0.1: 

- for the north, a discontinuity point is present 

between 0.5 to 0.6: the correction changes from 

values between +1 and +2 hours to values 

between -3 and -4 hours; this is probably due to 

the profile of the north sol-air temperature, 

which has almost flat trend with little 

differences, emphasized with larger 

absorptances; 

- for the east, the correction decreases from +4 

hours to +2 hours; 

-
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- the west and the south have specular  behaviors: 

increasing α, the correction remains near -1 

hour for the west and +1 for the south; 

- for the horizontal the correction lowly decreases 

to zero. 

For the case with α = 0.6, a comparison has been 

done between the corrected dynamic parameters, the 

conventional EN ISO 13786 properties and those 

evaluated with the FFT analysis, with an hourly 

discretization. As shown in table 2 (“13786 Corr”) 

and according to the dimensional analysis, the 

corrections applied to the periodic thermal 

transmittance are generally valid for all the test wall. 

Table 2 shows that the deviations (expressed as 

percentages) between FFT and corrected values are 

usually lower than 5%, while they become larger 

only for the lowest thickness wall (M10 wall type) on 

the east, west and south orientations. Regarding the 

time shift, (table 3) the correction proposed gives 

again a better agreement with the calculated 

reference values for all the wall types having larger 

time shift and whose response is less influenced by 

the temperature harmonic components further than 

the first one. As a whole, the proposed correction 

enables to reproduce the calculated values of the 

periodic thermal transmittance, except for the M10 

wall type east or west oriented, for which the 

approximation expressed by Eq. (31) is clearly not 

valid, as also demonstrated by the dimensional 

analysis. 

Table 2 

Periodic thermal transmittance according to the conventional EN ISO 13786 (13786 Conv), the FFT and the EN 

ISO 13786 corrected (13786 Corr) approaches, with percentage differences between FFT and EN ISO 13786 

corrected values for the different orientations in the case of Rome. All values in W m
-2

 K
-1

. 

 

Table 3 

Time shift (in the range -24 to 0 hours) according to the conventional EN ISO 13786 (13786 Conv), the FFT and 

the EN ISO 13786 corrected (13786 Corr) approaches, with absolute differences between FFT and EN ISO 

13786 corrected values for the different orientations in the case of Rome. All values in hours (h). 

 

FFT 13786 

Corr

Δ% FFT 13786 

Corr

Δ% FFT 13786 

Corr

Δ% FFT 13786 

Corr

Δ% FFT 13786 

Corr

Δ%

A5 0.084 0.085 0.081 -5.05% 0.060 0.056 -6.40% 0.066 0.065 -2.43% 0.076 0.074 -2.47% 0.085 0.082 -3.51%

A10 0.045 0.045 0.043 -3.92% 0.032 0.030 -5.98% 0.035 0.035 -2.72% 0.041 0.040 -3.15% 0.045 0.044 -2.37%

A15 0.030 0.030 0.029 -3.92% 0.021 0.020 -4.49% 0.023 0.023 -2.72% 0.027 0.026 -1.96% 0.030 0.029 -2.37%

B5 0.129 0.131 0.124 -5.39% 0.091 0.086 -5.22% 0.104 0.100 -1.57% 0.118 0.114 -3.54% 0.130 0.126 -3.12%

B10 0.074 0.075 0.071 -5.20% 0.052 0.049 -4.85% 0.059 0.058 -2.39% 0.067 0.065 -2.54% 0.075 0.072 -3.67%

B15 0.050 0.050 0.048 -3.92% 0.035 0.033 -4.49% 0.039 0.039 -0.22% 0.045 0.044 -1.96% 0.050 0.049 -2.37%

C5 0.049 0.049 0.047 -3.92% 0.034 0.033 -3.64% 0.039 0.038 -2.22% 0.044 0.043 -1.74% 0.048 0.048 -0.33%

C10 0.028 0.027 0.027 -0.36% 0.019 0.019 -1.47% 0.022 0.022 -0.95% 0.025 0.025 -1.17% 0.027 0.027 1.25%

C15 0.019 0.018 0.018 1.42% 0.013 0.013 -2.28% 0.015 0.015 -1.42% 0.016 0.017 4.78% 0.018 0.019 3.06%

D5 0.050 0.049 0.048 -1.96% 0.034 0.033 -1.68% 0.039 0.039 -2.72% 0.045 0.044 -1.96% 0.049 0.049 -0.37%

D10 0.028 0.027 0.027 -0.36% 0.019 0.019 -1.47% 0.022 0.022 -0.95% 0.025 0.025 -1.17% 0.027 0.027 1.25%

D15 0.018 0.018 0.017 -3.92% 0.013 0.012 -7.43% 0.015 0.014 -6.61% 0.016 0.016 -0.73% 0.018 0.018 -2.37%

M10 1.126 1.140 1.082 -5.10% 0.965 0.753 -21.99% 1.038 0.876 -1.87% 1.080 0.994 -8.00% 1.126 1.099 -2.37%

M20 0.419 0.429 0.403 -6.16% 0.296 0.280 -5.36% 0.351 0.326 -1.78% 0.384 0.370 -3.72% 0.425 0.409 -3.74%

M30 0.150 0.150 0.144 -3.92% 0.104 0.100 -3.57% 0.117 0.117 -1.90% 0.135 0.132 -1.96% 0.149 0.146 -1.71%

13786 

Conv

NORTH EAST WEST SOUTH HORIZONTAL

FFT 13786 

Corr

Δ FFT 13786 

Corr

Δ FFT 13786 

Corr

Δ FFT 13786 

Corr

Δ FFT 13786 

Corr

Δ

A5 -9.1 -6.0 -5.9 0.2 -11.0 -11.6 -0.6 -7.0 -8.1 -1.1 -9.0 -9.9 -0.9 -9.0 -9.4 -0.4

A10 -9.9 -6.0 -6.7 -0.7 -12.0 -12.4 -0.4 -8.0 -8.9 -0.9 -10.0 -10.7 -0.7 -9.0 -10.2 -1.2

A15 -10.9 -8.0 -7.7 0.4 -13.0 -13.4 -0.4 -9.0 -9.9 -0.9 -11.0 -11.7 -0.7 -10.0 -11.2 -1.2

B5 -8.1 -5.0 -4.9 0.2 -9.0 -10.6 -1.6 -6.0 -7.1 -1.1 -8.0 -8.9 -0.9 -8.0 -8.4 -0.4

B10 -8.9 -5.0 -5.7 -0.7 -10.0 -11.4 -1.4 -7.0 -7.9 -0.9 -9.0 -9.7 -0.7 -8.0 -9.2 -1.2

B15 -9.9 -6.0 -6.7 -0.7 -12.0 -12.4 -0.4 -8.0 -8.9 -0.9 -10.0 -10.7 -0.7 -9.0 -10.2 -1.2

C5 -12.9 -10.0 -9.7 0.4 -15.0 -15.4 -0.4 -12.0 -11.9 0.1 -13.0 -13.7 -0.7 -13.0 -13.2 -0.2

C10 -13.9 -11.0 -10.7 0.4 -16.0 -16.4 -0.4 -13.0 -12.9 0.1 -14.0 -14.7 -0.7 -14.0 -14.2 -0.2

C15 -14.9 -12.0 -11.7 0.4 -17.0 -17.4 -0.4 -14.0 -13.9 0.1 -16.0 -15.7 0.4 -15.0 -15.2 -0.2

D5 -13.3 -10.0 -10.1 -0.1 -15.0 -15.8 -0.8 -12.0 -12.3 -0.3 -14.0 -14.1 -0.1 -13.0 -13.6 -0.6

D10 -14.3 -11.0 -11.1 -0.1 -17.0 -16.8 0.2 -13.0 -13.3 -0.3 -15.0 -15.1 -0.1 -14.0 -14.6 -0.6

D15 -15.3 -12.0 -12.1 -0.1 -18.0 -17.8 0.2 -14.0 -14.3 -0.3 -16.0 -16.1 -0.1 -15.0 -15.6 -0.6

M10 -2.8 -1.0 0.5 1.5 -2.0 -5.3 -3.3 -2.0 -1.8 0.2 -2.0 -3.6 -1.6 -3.0 -3.1 0.0

M20 -6.8 -4.0 -3.6 0.5 -6.0 -9.3 -3.3 -5.0 -5.8 -0.8 -6.0 -7.6 -1.6 -6.0 -7.1 -1.1

M30 -10.7 -7.0 -7.5 -0.4 -12.0 -13.2 -1.2 -9.0 -9.7 -0.7 -11.0 -11.5 -0.4 -10.0 -11.0 -0.9
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CONCLUSIONS 

In the present paper the derivation of an analytical 

expression of the decrement factor as a function of 

the Biot and Fourier numbers for single layer walls 

provided good indications on the field of application 

of the correction proposed for the dynamic transfer 

characteristics. Increasing the thickness (i.e., 20, 30 

cm) the decrement factor becomes lower that 0.1 for 

harmonic numbers greater or equal than 4 and 2, 

respectively for 20 and 30 cm layers which enables to 

be confident in a good performance of the correction 

proposed. Due to the better filtering capabilities for 

the multilayered components, obtained 

supplementing with an insulation layer the single 

layer structure, it has been found that the correction 

procedure proposed: 

- can be applied to all the analyzed components 

- does not depend on the wall characteristics but only 

on the shape of the solicitation.  

- considering a large variability of the shape of the 

forcing temperature (3 different climatic zones, 5 

orientations), is strongly affected by the absorption 

coefficient.  

- resulted successfully validated for absorption 

coefficient equal to 0.6 and comparing the corrected 

dynamic parameters, the conventional EN ISO 13786 

properties and those evaluated with the FFT analysis. 

 

NOMENCLATURE 

A real number coefficient 

a thermal diffusivity [m
2
/s] 

Bi Biot number 

d characteristic length considered [m] 

f decrement factor 

Fo Fourier number 

I solar irradiance [W/m
2
]  

j unit for a complex number 

n real number coefficient 

q specific heat flux [W m
-2

] 

   stationary specific heat flux [W m
-2

] 

   dynamic specific heat flux [W m
-2

] 

   amplitude of the specific heat flux [W m
-2

] 

T period of the variations [h] 

U thermal transmittance [W m
-2

K
-1

] 

RS surface heat transfer resistance [m
2
K W

-1
] 

Ymm thermal admittance [W m
-2

K
-1

] 

Ymn periodic thermal transmittance [W m
-2

K
-1

] 

Z heat transfer matrix 

Greek symbols 

 absorption coefficient 

t time shift [h] 

 periodic penetration depth [m] 

 design thermal conductivity [W m
-1

K
-1

] 

 phase difference [rad] 

 function of Biot and Fourier numbers 

 function of Biot and Fourier numbers 

 density [kg m
-3

] 

 temperature [K] 

   average temperature [K] 

   amplitude of the temperature [K] 

  ratio of the thickness of the layer to the 

penetration depth 

 angular frequency (rad h
-1

) 

Subscripts 

1 internal wall side (or first harmonic) 

2 external wall side 

air referred to the air 

c convective 

calc calculated by numeric approach 

FFT Fast Fourier Transform computed 

gnd referred to the ground 

i, j wall layers 

ir Infrared 

k harmonic number 

m mth thermal zone 

n nth thermal zone 

o referred to outdoor conditions 

r radiative 

Sky referred to the sky 

Sol solar 

S referred to a surface 

sol-air sol-air external temperature 
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