
Thermal Properties of building 
structures 



Integrating Fabric and Services   

“The  first step in developing an integrated design is to establish the function 
of the building envelope as the primary climatic modifier, supported by the 
services to trim conditions. Good fabric design can minimise the need for 
services…”   

 

For thermal performance we need to consider issues such as: 

 

• Reducing heat loss through the fabric 

• Reducing the heat loss through infiltration 

• Reducing solar gain 

• Using the mass of the building to smooth peaks in temperature  

• Carefully placing thermal insulation 

Source: CIBSE Guide F  



Heat Loss 

This is the amount of heat energy that travels from the warm inside, to the  

colder outside and must be replaced to maintain comfort conditions. It is  

dependant upon the following factors:- 

 

• Actual external temperature 

• Required internal temperature 

• Size and shape of building 

• Building components U-values 

• Air infiltration rate into the building 



What is a U-value ? 

 U is the symbol used to represent the thermal transmittance of a building 
envelope element.  

 

 It defines the ability of a given thickness of materials and airspaces to 
transmit heat under steady state conditions. It is a measure of the 
quantity of heat that will flow through 1m2, per one degree difference in 
temperate between either side of the element.  

 

 The units of thermal transmittance are W/m2K 



Some example U-Values 



How is a U value obtained ? 

• Direct measurement of U value is possible, and is preferred, when 
laboratory facilities are available and justified. 

 

• Numerical analysis can also be used, such as Finite Element Analysis, 
which takes into consideration the 3D effects of the building element. This 
requires appropriate software and trained operators. 

 

• By far the most common method is the Simplified Method. (see CIBSE 
Guide A section 3) 

 



Terms and Symbols used in computing 
U-values 

Inside Outside 

Insulation Resistance Ra Airspace Resistance 

Rblock Rbrick 

Rsi Rse 



Steady State Heat Loss Calculations  

Qf = U A (Θi- Θo) 

Where:  

Qf is the fabric heat loss (W) 

U is the U value (W/m2/K) 

A is the area of the thermal element (m2)  

Θi is the internal temperature (oC)  

Θo is the external temperature (oC)  

 
Source: CIBSE Guide A 

 

 



Summary Requirements 
– Limiting heat gains and losses 

–Providing efficient building services with 
effective controls 

–Provide the owner with sufficient 
information so that the building can be 
operated and maintained so as to consume 
no more fuel and power than is reasonable 
in the circumstances 

Building Regulations ADL2A  
 



Limits on Design Flexibility 

• Minimum U – values and thermal 
bridging limits 

• Air Permeability 

–Reasonable limit for design air permeability 
is 10 m3/hr.m2 at 50 Pa 

• Heating, Ventilation and Air Conditioning 
minimum efficiency standards 



Thermal Mass 

• Give examples of buildings that have a high 
thermal mass and how do you think they 
affect comfort and energy efficiency within a 
building 

• Give examples of buildings that have a low 
thermal mass and how do you think they 
affect comfort and energy efficiency within a 
building?   



Solar Gains 

Issues to consider: 

• Orientation 

• Proximity of other buildings 

• Surrounding surfaces 

• Glazing/shading 

• Admittance? 

• Operating hours 



Fabric and Services Interaction 

 

Source: CIBSE Guide F  



Further Reading 

• CIBSE Guide A – Chapter 3: Thermal properties 
of building structures 


