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DATE:        September 19, 2013 
 
SUBJECT:  Thermal Mass Research 
 

The National Brick Research at Clemson University is currently investigating the non-steady 

state thermal performance of clay brick masonry as part of our research program. Energy codes and 

current DOE software typically rely on indicators, like R-value, that are measured under steady state 

(constant temperature) conditions. The reality, however, is that building materials are not subjected 

to steady state conditions as the temperatures cycle through a normal day and night period. Steady 

state is only a conceptual tool used to measure a particular kind of performance; it is not an accurate 

measure for understanding the performance attributes of thermal mass and clay brick masonry.  Our 

research concludes that currently available code compliance tools do not adequately address the 

thermal mass properties of clay masonry buildings. We are currently performing research to further 

understand and respond to this issue. 

As part of this research, we have visited the house that Mr. Chapman has built in the 

Columbus, Georgia area. Mr. Chapman's house represents a historical multi-wythe approach to 

masonry construction. The triple wythe masonry walls provide a substantial structure that is highly 

resistant to fire and wind born debris. This type of construction is an obvious asset to the community 

based on the durability, sustainability and life cycle of the structure. But, concerning energy 

efficiency, the triple wythe walls prove to have significant thermal mass. Thermal mass, as will be 

explained, can be utilized to provide a significant alternative for energy conservation. 

Thermal mass can be defined as the ability of materials to store significant amounts of 

thermal energy and delay heat transfer.1 The thermal mass of a building can be defined by the 

thermal diffusivity, which is a function of various thermal properties. The thermal diffusivity (thermal 

mass) quantifies the “thermal inertia” or the rate of heat movement through a material based on 

several properties of the material.   
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  The following equation describes how the thermal diffusivity is calculated.2   

  
 

   
 

α = thermal diffusivity, (m2/s) 

k = thermal conductivity, (W/m K) 

p = density, (kg/m3) 

Cp = heat capacity, (J/(kg K)) 

 
Thermal conductivity (k) denotes the ability of a material to conduct heat. A material with     

a high thermal conductivity conducts heat more readily than one with a lower conductivity. For 

steady state measurements, like those used to measure R-value, the thermal conductivity of the 

building material is the primary variable.   

The heat capacity (Cp) of a material relates to the amount of energy needed to raise one 

kilogram one degree Kelvin. It also refers to the amount of energy that a material can store.  Steady 

state measurements do not consider the contribution of the heat capacity or density as the material 

experiences daily thermal cycling.3  Mass walls exploit the heat capacity to help hold heat in the wall 

which reduces the heat flow and spreads it out over time. In essence, the heat capacity acts like          

a shock absorber which reduces both the magnitude of the temperature difference across the wall 

and delays the temperature rise in the interior of the building. 

In order to achieve thermal comfort, two interactive topics should be considered: insulation and 

thermal mass. The two ways to improve thermal comfort are by: 

1) Increasing the thermal resistance of the envelope (insulation), and  

2) Increasing the thermal storage (thermal mass).  

Thermal storage is often described by the time lag between attaining peak temperatures on the 

exterior and interior of the wall and the decrement factor which relates to the magnitude of 

temperature fluctuation on the inner surface divided by the outer surface. Increasing the level          

of insulation in a building envelope will not add to an increase in thermal mass, it will only reduce 

transmission loads through the wall and increase the R-value.4 An example of this type of data is 

shown in the following figure which shows interior and exterior surface temperatures measured over 

a period of time on the house located in the Columbus, Georgia area.  The time lag can be seen in the 

shift in the peaks between the outside surface (black lines) and the inside surface (red lines) while 

the dampening (decrement factor) provided by the thermal mass can be seen in the difference in 

magnitude between the outside and inside surfaces.  It is important to note that despite reaching 

surface temperatures of up to 110°F, the interior temperature remained relatively constant.   
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Studies performed in the literature by Gregory have shown that dense and heavy materials 

can store more heat as well as take longer to release their heat content once a heat source is 

removed.5 This concept is heavily used in the design of building envelopes. In a warm climate,             

a greater thermal mass will slow down the heat transfer as well as store thermal energy, and reduce 

the temperature fluctuations indoors.1 This causes a reduction in the peak temperature indoors as 

well as delaying the overall peak temperature to occur later during the day. An increase in the 

thermal mass of an envelope can drastically help with climates that have large temperature swings 

during the day.5  

Measuring the effect of thermal mass on thermal properties can be a challenge due to the 

operating conditions. As mentioned, most thermal coefficients are measured at steady-state 

conditions. The heat capacity (Cp) which affects the thermal storage capacity under dynamic 

conditions is not considered in steady-state measurements. Dynamic testing conditions of the wall 

system are crucial to accurately measure the thermal lag, reduction in peak amplitude, and total heat 

flow ratio.6  During transient (non-steady state) conditions, thermal energy is stored by the wall 
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system until it reaches steady-state conditions. Our current research program is focused on 

developing this type of information for clay brick thermal mass walls.   
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