
 

 

 
 
 

 
 
 
Technical Note Series #16 – Thermal Mass, Resistance and heat flows in walls explained 
 

Title: Thermal Mass and Thermal Resistance of walls and heat flows in walls – explained  

Status: This Technical Note is provided as a first guide for appending to the  CBA web-site  

Scope: The concepts of Thermal Resistance and Thermal Capacity are explained  in lay-

man’s  terms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Thermal Mass, Resistance and heat flow in walls explained 

 

Understanding Heat Transfer 

Heat flows by three mechanisms: conduction, convection, and radiation. 

 Conduction is the molecule-to-molecule transfer of kinetic energy (one molecule becomes energized 

and, in turn, energizes adjacent molecules).  A cast-iron skillet handle heats up because of 

conduction through the metal.  

Convection is the transfer of heat by physically moving the molecules from one place to another. Hot 

air rises and heated less dense water rises. 

Radiation is the transfer of heat through space via electromagnetic waves (radiant energy). A 

campfire can warm you even if there is wind between you and the fire, because radiation is not 

affected by air. 

With buildings, we refer to heat flow in a number of different ways. The most common reference is 

“R-value,” or resistance to heat flow. The higher the R-value of a material, the better it is at resisting 

heat loss (or heat gain).  

U-factor (or “U-value,” as it is often called) is a measure of the flow of heat—thermal 

transmittance—through a material, given a difference in temperature on either side.  The units are 

Watts  of energy passing through a square meter of the material for every degree difference 

(W/m2°C). This is measured in a ‘hot box ‘ test (ASTMC1363) at that time when a steady state of heat 

flow has developed. 

R-value and U-value are mathematically the inverse of one another: U = 1/R. See Technical Note 6 

for the calculation of these properties. Materials that are very good at resisting the flow of heat 

(high R-value, low U-value) can serve as insulation materials.  

Thermal Mass or heat capacity 

Materials have another property that can affect their energy performance in certain situations: i.e. 

heat capacity. Heat capacity is a measure of how much heat a material can hold. The property is 

most significant with heavy, high-thermal-mass materials.  

Heat capacity is determined per unit area of wall. For each layer in a wall system, the heat capacity is 

found by multiplying the density of that material, by its thickness, by its specific heat (specific heat is 

the amount of heat a material can hold per unit of mass).  

If there are various layers in the wall, total heat capacity is found by adding up the heat capacities 

for each layer (masonry block, and plaster, for example). 



 

Heat flows in walls 

In real-life situations the inside and outside temperatures of walls are not constant. In fact, in many 

parts of the country, the driving force for conductive heat flow (heat always moves from warmer to 

colder) can change dramatically or even reverse during the course of a day. On a summer afternoon 

in Pretoria  for example, it might be 32°C outside, and the outside wall surface—because it has a 

dark face brick - might be even hotter. It’s cooler inside, so heat conducts from the outside surface 

of the wall inward.  

As night falls the outer wall surface cools down. The air temperature may drop to 10°C. The driving 

force for the heat flow then changes. As the temperature difference across the wall is reversed, the 

heat flow is also reversed—drawing heat back towards the outside of the building. As a result of this 

modulating heat flow through a high-heat-capacity material, less heat from outside the building 

makes its way inside. Under these conditions, the wall has an effective thermal performance that is 

higher than the steady-state R-value. This dynamic process is what some people call the “mass 

effect.” 

Another common scenario is when the outside temperature fluctuates but never crosses the indoor 

set-point temperature. In this case, the direction of heat flow never changes, but the thermal lag or 

time delay in heat flow can still be beneficial by delaying the peak heating or cooling load. For 

example, if the outdoor temperature in Kimberley peaks at 35°C at 16:00 on a summer afternoon, 

but it takes eight hours for the heat to travel through the wall, the effect of that peak temperature 

won’t be felt inside the building until the middle of the night. Potentially significant savings in 

cooling can result. Not only can total cooling energy be reduced, but peak loads can also be reduced. 

This can lead to smaller (and less costly) mechanical systems and lower demand charges for 

electricity. This time lag effect can save energy and money, but note that it does not affect the total 

amount of heat flowing through the wall. 

As noted above, the amount of heat flow through a wall is reduced by the use of thermal mass when 

the temperatures fluctuate above and below the desired indoor temperature, so under these 

conditions a material might have a “mass-enhanced” R-value that is greater than its steady-state R-

value. Those results are what we are calling the “mass-enhanced R-values” for the high-mass 

material under the modelled conditions. (Others refer to this as the effective R-value, a term that 

can be misleading.) The multiplier obtained by dividing the mass-enhanced R-value of a material in a 

given climate by its steady-state R-value is referred to by Oak Ridge (USA) researchers as the 

Dynamic Benefit for Massive Systems (DBMS).  

When is thermal mass most effective 

This mass-enhanced R-value is only significant when the outdoor temperatures cycle above and 

below indoor temperatures within a 24-hour period. Thus, high-mass walls are most beneficial in 

moderate climates that have high diurnal (daily) temperature swings around the desired indoor set- 

point.  

This condition pertains in almost all South African localities. 


