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Summary: In this paper the RC-model for thermally activated building systems (TABS), 

developed by EMPA, is adapted to hollow core TABS.  Results from the new RC-model, FEM 

calculations and measurements show reasonably good agreement. A parametric study reveals 

the influence of the air gap parameters on the magnitude of the errors made by not fulfilling the 

EMPA RC-model constraints. 

1. INTRODUCTION 

Thermally activated building systems or TABS are gaining interest to provide low temperature heating 

and high temperature cooling in office buildings.  In Belgium, besides full concrete floors, the 

prefabricated hollow core slab is widely used.  A thermally activated hollow core slab has obviously 

not the same thermal behaviour as the full concrete equivalent.  The hollow cores affect the stationary 

as well as the dynamic thermal behaviour. 

 

Figure 1 : Example of a thermally activated hollow core concrete slab 

 

Since the design of TABS and their control in buildings has to be evaluated in a dynamic way, well 

validated transient models, such as resistance-capacitance (RC) models are needed.  TRNSYS1 makes 

use of the RC model developed by EMPA2, which is not valid for hollow core TABS because of the 

presence of air gaps above the water tubes. The EMPA RC-model can only be used when the 

dimensions are such that temperature variations occurring at the water tube line, are smoothed at the 

upper and lower surface of the concrete slab.  In practice this means that the thickness of the concrete 

layer covering the water tubes, has to be large enough and the tube diameter has to be small enough.   

 

In the case of hollow core TABS, the thickness of the homogeneous layer of concrete above the 

water tubes is too small to fulfil this constraint.  In this paper an RC-model, adapted to hollow core 

TABS, is proposed (§2) and compared with finite element calculations and measurement results (§3).   

2. RC-MODEL FOR HOLLOW CORE TABS 

In the EMPA RC-model for TABS, the 2D heat flow pattern inside the concrete slab is transferred 

into a 1D model by means of an analytic expression for the temperature in a homogeneous concrete 
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floor with embedded tubes.  Deriving this expression introduces the equivalent thermal resistance Rx, 

which is a function of the tube diameter, the distance between two tubes and the heat conduction 

coefficient of the concrete (Figure 2).  The temperature θk is the average core temperature. If the 

boundary conditions  
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are fulfilled (with di the thickness of the concrete layer below or above the tubes, dx the distance 

between the tubes and δ the tube diameter), this compact model will accurately predict the thermal 

behaviour of the TABS².  Meeting these conditions means mathematically that Rx is only dependant on 

the parameters δ, dx and λconcrete.  Furthermore, R1 and R2 represent the heat resistances to the upper 

and lower room and are not depending on tube parameters, nor on parameters of the opposite concrete 

layer.  Physically, meeting these conditions means that the temperature profile in the core of the tabs is 

flattened when reaching the upper or lower boundary of the slab and the assumption of 1D heat flux is 

justified. 

 

Figure 2 : Transformation from 2D into 1D heat flow pattern by means of Rx 
2 

Due to the presence of the hollow cores, the assumption of homogeneity is not correct anymore and 

the basic analytical expression of the EMPA model is no longer valid.  Nevertheless, similarly to the 

EMPA model, this study aims at deriving an expression for the hollow core tabs.  A symmetrical part 

of the hollow core TABS, as shown in Figure 3, is examined.  The FE image in Figure 3 indicates that 

the physical interpretation of the EMPA model boundary condition – the constant temperature at the 

upper and lower boundary of the concrete slab – is still valid.   
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Figure 3 : Symmetrical part of the hollow core tabs with indication of the temperature sensor positions and finite 

element image 

In the extended RC-model for hollow core TABS, the thermal resistance R1 is replaced by a series of 

three thermal conduction resistances: the concrete layer between tubes and hollow cores (d1a), a 

parallel connection of concrete and air with thickness d1b and the upper concrete layer (d1c).  In layer 

1b, the air gaps are approximated by squares with the length equal to the air gap diameter.  The 

resulting average temperature on the upper surface of the concrete slab is shown in Figure 4.  Since the 

difference between the FE- and the RC-calculated result only diminishes slightly for higher values of 

d1a, it can be concluded that the deviation is mainly caused by the simplified RC-equivalent of layer 



d1b that has to be refined. After all, for d1a > 45mm the boundary condition (eq. 1) is satisfied, which 

means that the temperature at the upper boundary of layer d1a is reasonably constant. 
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Figure 4 : Comparison between FE- and RC-calculated average temperature of the upper slab surface 

In the FE results the air was calculated as a solid with λ = 0.026 W/mK, thereby eliminating the 

effects of radiation and convection in the air gaps.  These effects are examined by introducing a 

λequivalent in the same model, as proposed by Çengel
3
.  Results from this approach indicate that 

convection and radiation enhance heat transfer, resulting in a fairly constant upper surface temperature 

with increasing air gap dimensions.  In the constant λ case, this temperature is obviously decreasing. 

This leads to assume that convection and radiation inside the hollow cores can have an important 

influence on the thermal performance. 

3. MEASUREMENT SETUP AND RESULTS 

To validate the new RC-model, measurements were performed on a small-scale model of a real 

hollow core TABS floor.  The test room is similar to standard test rooms for radiators or radiant 

ceiling panels, but of dimensions of 0.6 m x 0.6 m x 0.6 m only.  Each dimension of the real hollow 

core TABS floor in Figure 1 is scaled with a factor 2.67 to the TABS small-scale model.  Water tubes 

are replaced by an electrical resistance wire of ∅ 7.5 mm, with a constant power supply resulting in a 

wire regime temperature of 51.6°C.  Temperatures are measured with pt1000 class A resistance 

sensors (accuracy ± 0.15°C), placed as shown in Figure 3. 
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Figure 5 : Picture and schematic view of the measurement setup 

With a measured temperature difference of 5.8 K between surface temperature and air temperature, 

the Raleigh number (which represents the ratio between driving and opposing forces for natural 

convection) equals 8.4 10
6
.  This is above the limit of 3 10

5
 for turbulent natural convection

3
.  It can be 

concluded that, within the possibilities of the test setup, circumstances were created comparable to real 

situations with Ra numbers equal to 10
7
 or higher. 



A Fourier series for the measured temperature profile of the resistance wire and the upper and 

lower air temperature serve as boundary conditions for the FE model and the RC model.  Firstly, the 

FE model is compared with the measurement results.  Each measured position can be checked with the 

corresponding node in the FE model.  The only unknown parameter of the FE model is λequivalent, the 

apparent conduction coefficient combining convection and radiation in the air gaps.  From the 

measured temperatures and the heat flow, together with the equivalent thermal resistance of layer d1a, 

d1b and d1c, this equivalent conduction coefficient is calculated to be 0.19 W/mK.    
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Figure 6 : Comparison of the measured temperatures and the results of the FE model (measurement points ‘b’ 

and ‘f’ are indicated in Figure 3) 
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Figure 7 : Comparison of the FE model and the adapted RC model for the mean upper surface temperature 

The temperature profiles shown in Figure 6 indicate that the FE model is able to predict the real 

temperatures with an accuracy of 1°C.  The adapted RC model results are compared to the FE 

simulations in Figure 7, leading to the conclusion that the adapted RC model can predict mean surface 

temperature for hollow core TABS within acceptable accuracy.  Although the basic expression of the 

EMPA model is not valid for hollow core TABS, a simple adaptation of the EMPA RC model to the 

layout of the hollow cores leads to satisfying results.    
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