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News from the Center
By John Sanders, NBRC Director

Welcome to another edition of Brickyard 
Magazine!

Here at NBRC we have had a busy start to 
2023. We are looking ahead to keeping busy 
with our testing and several other items.

Planning is underway for the ACerS 2023 
Structural Clay Products Division & 
Southwest Section Meeting in conjunction 
with the National Brick Research Center 
Meeting. This meeting is taking place in early 
June and we will continue to update you via 
email and Brickyard Magazine as meeting 
details emerge. Save the dates of June 5 – 8 
and plan to join this event in Austin, Texas.

We are already planning this year’s Clemson 
Brick Forum – details will start appearing in 
our next Brickyard Magazine issue, due to 
be published in April. We have been looking 
closely at the responses to the feedback from 
the 2022 Forum Surveys and are figuring 
out ways to incorporate as many of the 
suggestions as possible into the 2023 Forum.

And from the cover of this edition, you 
know we are reconstructing the Educational 
Resources portion of our website. Part of 
the mission of the National Brick Research 
Center is “…educate and serve individuals in 
the brick industry…” and we have been busy 
examining how we can better accomplish 
this with our Webinars and recorded talks. 
Our original Webinar was developed to be an 
educational tool for Brickmakers, and we want 
it to continue to be so. However, we noted a 
decline in participation in the live event, with 
many viewing the Webinar recordings later 
via our website. We also recognized that our 
Webinars were too long for today’s busy work 

schedules and that sometimes the material 
is presented in an overly technical format. 
Finally, we could see that, in our attempt to 
appeal to a wide base, we have missed finding 
the right audiences. 

After considering all of this, I am pleased 
to introduce you to our new, more targeted 
Webinar format. First we are beginning an 
entirely new series, the pre-recorded Basics 
for Brickmakers. Also, we are renaming 
our original webinars Down the Core Hole, 
signifying they are longer, more in-depth 
presentations on topics relative to the wider 
scope of the brickmaking industry.  We also 
have linked into our E-Learning tab the 
Forum Presentations. 

We hope the new Basics for Brickmakers 
(around the Center we like to refer to this as 
our “Brick Flicks”) will be more accessible 
to our members. We hope we are offering a 
format which is easier to fit into everyone’s 
busy schedules. Here are the features of our 
new Basics for Brickmakers series which will 
debut in March of this year:

1. A live Webinar will no longer be offered 
at a fixed time.  We understand that 
everyone is busy so the Basics for 
Brickmakers series will be offered 
to members on an on-demand basis 
(think Netflix or Hulu).  If you are on 
our mailing list and work for a member 
company, you will receive a notification 
when new content is available to you 
via our website (brickandtile.org).  

2. We are going to break up large subjects 
into segments, or episodes. Episodes 
will be limited to no more than 10 
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minutes each. We 
hope this will give 
our members more 
opportunity to fit 
content into busy 
work schedules. 
Someone could 
watch one of the 
episodes while on 
break, or someone 
could play an episode 
in the break room at 
an appropriate time. 

3. We are going to 
simplify graphics to 
better emphasize key 
points.

4. Over time, we will build up a library of 
these Basics for Brickmakers and they 
will remain available to NBRC Members 
through our website. Do please note 
that we will continue to maintain, 
through that website, our archive of 
prior Webinars—look for them under 
the heading Down the Core Hole. These 
long-format Webinars can also be 
broken up into episodes, if desired, by 
pausing and restarting.

5. We will still occasionally offer special 
live Webinars (new journeys Down the 
Core Hole) on research and other topics 
(like the most recent January Webinar 
on the Masonry Assembly Thermal 
Simulation Software, or MATSS, that 
Dr. Nate Huygen has developed).  
These Webinars will likely retain the 

old format and will be intended for 
targeted groups of members.  

We hope that these changes will make the 
educational concept behind our original 
Webinars more valuable and effective for you 
and your company to use as training material.  
See page 15 for details about our first Basics 
for Brickmakers series, “Raw Materials,” 
scheduled to premiere in March. As always, if 
you have any suggestions of topics for either 
style of our E-Learning formats, or if you 
have further suggestions for improvement, 
please reach out to us (jpsand@clemson.edu 
and etmurph@clemson.edu) and let us know.

Best wishes for a productive spring,

John

The new E-Learning page under construction at www.brickandtile.com

AMERICA
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The Extra-Duty PowerPusher™ & E-750 Electric Wheelbarrow™ 
Are Perfect Partners for Brick Making & Moving!

800.800.9274www.powerpusher.com

DEMOS
AVAILABLE!

The Extra-Duty PowerPusher™ improves 
operator safety, reduces manpower and increases 
plant floor productivity enabling a single person 
to maneuver from 500 up to 25,000 lbs. with total 
control. This tug is the perfect solution for moving 
cars in and out of a kiln.

PowerPusher’s E-750 Electric Wheelbarrow™
safely and easily transports loads weighing up 
to 1,000 lbs. fast and efficiently. Available with 
a tub, flatbed and other attachments, it can 
streamline the process for moving finished 
bricks, blocks and pavers.
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Evolution of  Hygrothermal 
Properties of  Brick during Firing

By Nate Huygen, NBRC
During the firing process of a typical clay brick, there are a number of physical processes that occur. These 
processes include decomposition reactions, phase changes, recrystallization, and densification. At each 
stage of the firing process, the microstructure undergoes significant modification which alters the physical, 
thermal, and hygric properties of the material.

Decomposition reactions, such as the clay mineral decomposing and giving off water, produce lots of very 
small pores. These small pores are capillary active and absorb water rapidly when exposed to liquid water. 
These small pores are also responsible for freeze-thaw durability issues if there are a significant fraction of 
them left in the body after firing. They saturate, but do not drain easily and are likely to initiate failure of 
the body when water in them freezes. These pores are also responsible for the initial rate of absorption of 
a brick as they are the pores that are capillary active.
To systematically investigate the impact of firing on the hygrothermal properties of fired clay brick, we 
fired a number of samples to different temperatures for brick with two different bodies and carried out 
a number of different tests. We looked at physical properties, thermal properties, and water transport 
properties. The fired samples are shown in Figure 1.

Figure 1 – Fired Brick Samples vs. Temperature

Above 1800 °F there was a consistent decrease in porosity and water absorption with increasing firing 
temperature due to vitrification. Vitrification is the formation of glass within the material due to the firing 
temperature. This glass is important to the strength and durability of a fired clay brick. The vitrification and 
shrinkage during firing can be seen in the dilatometer plot in Figure 2. At elevated temperatures (above 
1700 °F), the pores begin closing off in the material with smaller pores closing up more rapidly than larger 
pores. This reduction is observed in the changing saturation coefficient of the samples. The total porosity 
varied from 34 to 23% for Brick 1, and from 30 to 17% for Brick 2. The higher water absorption values for 
Brick 1 reflect the higher porosity. This was due to the body being slightly more refractory than that of 
Brick 2. The water absorption and saturation coefficient results are shown in Figures 3 and 4 respectively.
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Figure 2 – Dilatometer Plot Showing Shrinkage vs. Firing Temperature

Figure 3 – Water Absorption vs. Firing 
Temperature

Figure 4 – Saturation Coefficient vs. Firing 
Temperature

The thermal properties of the brick were found to be linearly dependent on the firing temperature in the 
range from 1800 – 2200 °F. This is shown in Figure 5. This always seems surprising considering the number 
of different processes that are occurring within the material. The thermal conductivity varied from 0.5 to 
1.25 W/mK among the two bodies. This is in good agreement with what we have observed with other brick 
samples previously. There is a significant correlation impact of mineralogical composition, porosity, and 
grain size on the thermal conductivity of the fired sample. When comparing the thermal conductivity of the 
two bodies versus their respective total porosity, the data was found to be remarkably similar. This is shown 
in Figure 6. This similarity was due to the mineralogical composition of the two bodies being very close with 
minor differences in chemistry.
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Figure 5 – Thermal Conductivity vs. Firing 
Temperature

Figure 6 – Thermal Conductivity vs. Porosity

There are two main hygric transport properties. They are the liquid water absorption coefficient and water 
vapor permeability. The liquid water absorption coefficient dictates how rapidly water is absorbed by a 
material when exposed to liquid water. The initial rate of absorption (IRA) can be calculated from this 
value. It is measured using a similar setup, except that data is collected at several times during the water 
absorption, and that the sides of the sample are covered in an impermeable material. The liquid water 
absorption coefficient was found to be strongly correlated to the cold water absorption results, possibly 
due to volume and size of the smaller pores in the sample changing simultaneously with firing temperature. 
These results are shown in Figure 7. It is expected that pore structure should also have an impact on the water 
absorption coefficient but has not been investigated. The water vapor permeability was found to loosely 
correlate with the total porosity, but has significant scatter. Regardless, increasing the porosity resulted in 
higher vapor permeability. This is shown in Figure 8. What was interesting to see was how significant the 
changes in properties were with firing temperature. Over the temperature range 1800 – 2200 °F, there was 
a 15% increase in density, a 32% decrease in porosity, a 35% decrease in water absorption, a 10% decrease 
in C/B ratio, a 90% increase in thermal conductivity, a 110% increase in thermal diffusivity, a 75% decrease 
in liquid water absorption coefficient, and a 58% decrease in water vapor permeability. The hygrothermal 
properties of the brick were found to be much more sensitive to firing conditions than physical properties.

Figure 7 – Liquid Water Absorption Coefficient vs. 
Cold Water Absorption

Figure 8 – Water Vapor Permeability vs. Porosity
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Since the thermal conductivity is strongly related to the porosity of the sample, we also investigated how it 
changed when the pores were saturated with water instead of filled with air. Since water is more conductive 
than air (0.6 vs. 0.024 W/mK), it was expected to increase. We found that the saturated brick had a thermal 
conductivity 110% higher than when dry (1.9 W/mK vs. 0.9 W/mK). We were able to fit a model with 
a single parameter to both the measured dry and saturated thermal conductivity. This parameter is the 
thermal conductivity of the solid phase matrix in the sample. The equation is given below.

where k is the calculated thermal conductivity, ks, ka, and kw is the thermal conductivity of the solid matrix, 
air, and water respectively, P is the fractional porosity, and S is the fractional degree of saturation. We found 
that the solid phase thermal conductivity of Brick 1 and Brick 2 were 2.84 and 2.68 W/mK respectively. The 
impact of saturation on effective thermal conductivity is shown in Figure 9.

Figure 9 – Thermal Conductivity vs. Degree of Saturation

Having accurate hygrothermal 
property data is important when 
carrying out yearly hygrothermal 
simulations using WUFI. Having 
material property data that is 
inaccurate can lead to overly high 
or low moisture loads to the backup 
wall if the cladding properties 
are not correct. Additionally, the 
moisture capacity of the brick can 
have significant impacts to the heat 
transfer within the assembly due to 
evaporation and the extra thermal 
mass of the water. Understanding 
how these vary with processing and 
firing conditions can lead to a more 
efficient building envelope.
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NBRC E-Learning

Did you miss a Webinar or other E-Learning installment? 
Log into our website, www.brickandtile.org, and view 

archived Webinars (Down the Core Hole and soon-to-be-
added Basics for Brickmakers) and other recorded talks 

(Forum Presentations) under the Educational Resources tab 
on our homepage. 

Do you need information on a specific industry topic? 
Search in WikiBrick, located under the same tab. 

Introducing Basics for Brickmakers, a new format of  E-Learning  under the Educational Resources 
tab on our website, www.brickandtile.org. This new category of  E-Learning is a reimagining of  our 
long-running webinar series. Here we will feature multiple pre-recorded episodes about one topic. 
These episodes, with simplified graphics to emphasize key points, will each last no longer than 10 
minutes. This new category is tailored to those of  us who are new and do not yet know much about 
brickmaking as well as to those of  us who want to brush up on some foundation concepts related to 
brickmaking. 

We are also renaming our website’s archive of  webinar recordings. We have dubbed this category of  
recorded-live webinars “Down the Core Hole,” as these webinars dive deep into technical industry 
topics. 

The first Basics for Brickmakers series is titled “Raw Materials” and has 5 episodes: 

 1. Overview of  Raw Materials
 2. Clay Minerals
 3. Major Accessory Minerals (like Quartz and Mica)
 4. Minor Accessory Minerals (like Limestone, Gypsum, Pyrite
  and Marcasite) 
 5. Basic Raw Materials Testing.  

This first series is expected in March. We will let you know via email when the "Raw Materials" 
series drops and the episodes are available for viewing. Stay tuned!
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PACKAGING SYSTEMS GROUP

800-323-4424
packaging@samuel.com
samuelspsg.com

YOUR 
SUCCESS 
IS OUR 
BUSINESS

SMARTER
PACKAGING SOLUTIONS

Samuel’s 900XP plastic strapping head is the ideal choice 
for the brick industry. Even in a rugged, abrasive 
environment, the 900XP Strapping head meets your need 
for a highly reliable, advanced, low cost of ownership 
production device. Providing unmatched speed, tension, 
flexibility and on-board technology the 900XP is the peak 
of strapping head design.

The NBRC Mission:  The National Brick Research Center will advance the technology 
of clay brick materials and products, augment the education of ceramic and materials 
engineering students, and educate and serve individuals in the brick industry with a 

resultant increase and improved use of structural clay building products.

NBRC Services:  The National Brick Research center has developed unique 
capabilities and expertise to carry out its mission, with special emphasis in:
• ISO 17025 accredited product testing
• Research and service testing for potential emissions from manufacturing 

processes
• Solving problems related to manufacturing
• Evaluation of waste materials and additives
• Evaluation of raw materials
• Evaluation and problem solving with masonry systems
• Forensic evaluation of masonry materials
• Educational services, including short courses, Brickyard Magazine, webinars, 

and the annual Forum for brick manufacturers
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NBRC Short Course
Our March Short Course filled quickly and registration is now 

closed. The next Short Course is scheduled
for July 31 - August 3. Registration will open late spring. 

FIND US ON SOCIAL MEDIA:

LinkedIn
National Brick Research Center

Facebook
(Facebook.com/NBRCClemson)

Instagram.com/NBRCClemson

H o w  t o  R e a c h  U s :
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Industry EventsIndustry Events
2023 

March 27 – 30   NBRC Short Course, Anderson, SC 

April 16 – 19   C16 Meeting: Thermal Insulation, Denver, CO 

June 5 – 8   ACerS Combined Spring Meeting, Austin, TX 

June 5 – 8   C15 Meeting: Manufactured Masonry Units, Denver, CO 

June 11 – 14   14th North American Masonry Conference, Omaha, NE 

June 24 – 28   ASHRAE Annual Conference, Tampa, FL 

July 31 – August 3   NBRC Short Course, Anderson, SC 

October 2 – 3   Clemson Brick Forum, Anderson, SC 

October 29 – Nov 1   C16 Meeting: Thermal Insulation, Washington, DC 

December 5 – 7   C15 Meeting: Manufactured Masonry Units, Denver, CO 

2024 
January 20 – 24   ASHRAE Winter Conference, Chicago, IL 
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