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Overview 

• In order to calculate heat leakage, external
walls of buildings are usually simulated as
lumped parameters systems (e.g. finite
elements calculation method). This involves a
significant discretization error.

• We propose a calculation method that, more
realistically, regards the wall as a distributed
parameters system, which avoids
discretization error.



Overview 

• The method is based on equations formally 
identical to those commonly used for long 
electric lines.

• The wall is simulated by very few, cascade-
connected double bipoles.

• By Fast Fourier Transform (FFT), any air 
temperature variation, both fast and slow, can be 
simulated. 

• Any climatic event can be simulated: 
– daily temperature oscillations between day and night, 
– sudden surge caused, e.g., by a turn in the weather. 



Methods

• The method can be applied to any masonry 
element, irrespective of its orientation.

• Let us consider, e.g., a horizontal surface 
crossed by a vertical, downward heat flux. This 
can be, e.g., a roof hit by the sun.

• Within the roof, let us consider an elementary 
layer EL(x) of thickness dx.
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Methods

• EL(x) is characterized by its thermal 
capacitance and by its thermal resistance. It 
can be represented by an equivalent electric 
circuit made up of a series resistance and a 
shunt capacitance. 
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Methods

• Thermal-electrical correspondence:
– electric resistance (R’) corresponds to thermal 

resistance of one square meter’s wall; 
– electric capacitance (C’) corresponds to thermal 

capacitance of one square meter’s wall; 
– electric current corresponds to heat flux through 

the wall;
– electric voltage corresponds to temperature; 

isothermal surfaces are planes. 



Methods

• R’ and C’ are ratioed to the roof thickness, and are 
therefore to be expressed “per unit length”. 

– R’ is the reciprocal of thermal conductivity; 
– C’ is specific heat times density 

• Thermal conductivity, specific heat and density are 
usually declared by the Manufacturer. 



Methods

• The whole roof can be simulated by series-
connecting infinite elementary circuits like the 
one above described. 

• The outcome is a double bipole similar to 
those used to simulate long electric lines. 
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But…what if the roof is made up of multiple 
layers?



Methods
No matter how complex the roof is, eventually, 

everything comes up to a very simple circuit

CG: represents sol-air temperature

Z1: represents roof

V1: represents temperature whithin the roof



Results

• We applied the “double bipole method” to a
real life case reported in literature: a building
in Palermo, Italy, with a concrete,
polyurethane-insulated roof; insulating slabs
of different thicknesses (5 cm and 10 cm,
respectively) were envisaged.



Results

• A know “sun-air temperature” was assumed
to be acting on the outer surface of the roof,
based on day-night succession:

• the resulting inner temperature was
calculated as a function of time.

• In both cases, temperature calculated by the
double bipole method turned out to be in very
good agreement with expected temperature,
in amplitude, frequency and phase.
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Conclusions

• As compared to currently available methods, double bipole
method yields following advantages:
– discretization uncertainty is avoided;
– no convergence problems arise;
– discontinuities between different layers are very easily

addressed;
– calculation is limited to the surface of interest: internal planes

within the insulating layer are not included. This enables to save
a significant amount of time and of memory.

• The last is probably the most important advantage. It is due
to the extreme simplicity of the calculation method:
calculation time is typically much less than 5 seconds.
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