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“The oceans provide a particularly stable thermal environment where organisms can live 
without much thermal stress.  The land, however, experiences great swings of temperature.  The 
surface of the earth is constantly heating up and cooling down with each daily cycle and each 
yearly cycle.  The ground, in turn, heats the air around it, driving the forces of weather that can 
so dramatically change thermal conditions over the course of a few hours.  In order to move out 
of the oceans and onto the land, organisms had to develop thermal strategies that would allow 
them to survive both climatic extremes and wide daily fluctuations.”  
Lisa Heschong, Thermal Delight in Architecture 

 
Beyond survival, we appreciate a certain level of comfort within the spaces we inhabit.  As 
designers, we strive to provide these levels of comfort within the spaces we design.  The educated 
use of thermal mass can help to provide these levels of comfort while displacing heating and 
cooling costs.  Thermal mass reduces the variation in temperature swings during a 24-hour cycle 
by reradiating heat absorbed during the day in the cool evening.  Virtually any material can serve 
as thermal mass; however, some perform better than others.  Concrete, tile, stone, water and air 
are common materials that have been used within spaces for heat storage.  This exercise is about 
predicting and evaluating the success of different thermal mass configurations. 
 
Objective: 
In this exercise, you will investigate the different ways in which standard building materials can affect 
interior temperatures.  You will compare several identical interior spaces, represented by small 
insulated ice chests.  Inside these chests, you will place different types of cooled building materials, 
and observe how quickly and how much the temperatures change in the chests.  The material 
properties you will investigate are heat capacity, weight, surface area, and conductivity.  Each of 
these properties will  affect the rate of temperature change inside the chests.   
 
Background: 
Here is a table of the heat storage properties of typical building materials: 
 

  
Density 

 
Specific Heat, 

SH 

Volumetric 
Heat Capacity, 

VHC 
Material (lb/ft3) (Btu/lb-¡F) (Btu//ft3-¡F) 

Air  0.075 0.24 0.018 
Aluminum 168 0.21 35 
Brick 120 0.19 23 
Concrete 144 0.16 23 
Copper 556 0.09 51 
Glass 164 0.18 30 
Gypsum 50 0.26 13 
Sand (dry) 95 0.19 18 
Steel 515 0.12 62 
Water 62 1.0 62 
Wood (soft) 32 0.33 11 

 
Think about how equal weights and volumes of these materials may store heat differently.  Then, 
considering the typical amounts of these materials found in buildings today, think about how much of 
an influence these materials have upon the thermal qualities of buildingsÕ interior spaces. 
Procedure: 
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Various samples of thermal mass (water, brick, aluminum, and wood) have been cooled down to 
approximately 38¡F in a refrigerator.  The mass will be transferred to ice chests, where you will monitor 
the temperature for 50 minutes.   
 
This situation can be compared to thermal mass that keeps buildings cool during the day in hot climates.  
In these buildings the mass of the structure cools down during the night, when cool air is available. The 
building is sealed in the morning, and the mass slowly soaks up heat as the day gets warmer. 
 
The experiment will consist of three side-by-side comparisons.  Three groups will each be given two ice 
chests with thermometers, and a cooled material to put in each chest. 
 
Your Task: 
 
Your group will be assigned by your GSI to complete one of the three tests listed in the table below. 
Materials will be placed in the ice chests simultaneously and then quickly covered with lids.  Your 
group’s objective is to then track and compare the temperature changes caused by the materials in 
each chest. You will monitor the temperature in measured increments.  Before you begin, make some 
predictions about what will happen by going through the following steps. 
 
Step 1: Discuss with your teammates your two material sets with your groups and predict how the 
temperatures in the two boxes will be different (or the same).  Consider the material properties of heat 
capacity, weight, surface area, and conductivity, using the following table for your calculations: 
 

 Box Material Unit 
Weight 

(lbs) 

Total  
Weight 

(lbs) 

Specific 
Heat  

(btu/lb °F) 

Thermal 
 Mass  
 (btu/°F) 

Comments 

1 Aluminum Bar 
     

Test 
1 

2 
16 Aluminum 
sheets 

      

1 1 brick 
     

glass Test 
2 

2 
4 glass bottles 
3.5 filled with 
water 

  

water 

  

1 
Lg wood block 
Med wood block 
2 small blocks 

     

Test 
3 

2 1 brick 
     

 
We will use the term ÒcoolthÓ in this lab to describe an instance when an object has less thermal energy 
than its surroundings. The ÒwarmthÓ of an object will heat the air around it, itÕs ÒcoolthÓ will instead 
cool the air. 
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How will the properties, heat capacity, weight, surface area, and conductivity, affect the amount of 
cooling that occurs in the chest and the time it takes for the cooling to happen?  Answer the following 
questions before you begin your test: 

 
1) Predict which of your two materials will cool the air inside the box the most, before the ice 

chest starts warming up again from the heat leaking in from outside the box. 
 
 
 
2) Will there be a time lag between the two boxes? In other words, which box will get to its 

coldest temperature first? 
 
 
 
3) Predict what the temperatures of the boxes will be after 15 minutes.  Note that the masses will 

start out around 38¡F and the starting temperature of the box is room temperature (around 
68¡F). 

 
 
 
  
Step 2:  Do the experiment 
 
Before you receive your assigned masses: 

1) Practice putting the lids on the boxes. Remember that it helps to do this quickly so they both 
go on together, and not too much coolth is lost. 

2) Make sure the temperature sensor is set to Òoutside,Ó meaning it is reading the temperature of 
the sensor at the end of the wire, which should be placed inside the box. 

3) Record the starting temperatures of the two boxes; make sure they are similar. 
4) Divide the group into two teams who will record the temperatures in each box. 

 
Get your two sets of masses from your GSI: 

1) Your GSI will help you put the masses in your box. 
2) Immediately put the lids on and start recording temperatures. 
3) Record temperatures on the chart below. 

a. For the first 20 minutes, record temperatures every minute. 
b. For the next 30 minutes, record temperatures every 3 minutes. You will see that the 

temperature is not changing as quickly by then. 
4) Start plotting the data on the graph that is provided in the following pages. 
5) Discuss with your groupmates what is happening. What are the possible explanations? 
6) Share your data with the class on the projected excel sheet your GSI has set up. 

 
 

Time Box 1:_________ 

Temperature 

Box 2: _________ 

Temperature 

Notes 

Start (0:00)    
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0:01    
0:02    
0:03    
0:04    
0:05    
0:06    
0:07    
0:08    
0:09    
0:10    
0:11    
0:12    
0:13    
0:14    
0:15    
0:16    
0:17    
0:18    
0:19    
0:20    
0:23    
0:26    
0:29    
0:32    
0:35    
0:38    
0:41    
0:44    
0:47    
0:50    
Step 3   Explain, in a few sentences, why the box temperatures are same or different.  How did the 
material properties of heat capacity, weight, surface area, and conductivity affect the air temperature 
inside the box?  [You may not have to explain all these properties since each experiment will probably be 
dominated by one property.] 
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Step 4  Share your findings with the class.  The class will plot all the data together on the projected excel 
spreadsheet so that you may compare the three sets of results. 


