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News from the Center
By John Sanders, NBRC Director
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As you have seen from the cover page, it is 
time to register for the Spring Meeting.  This 
will be the first in-person Spring Meeting since 
we met in Indianapolis in 2019.  The meeting 
is a joint meeting of the NBRC and both 
the Structural Clay Products and Southwest 
Sections of the American Ceramic Society 
(ACerS).  The NBRC Meeting will be held on the 
morning of Tuesday, May 10th.  There will be 
technical talks that afternoon and a number 
of plant tours the following day.  Please make 
plans to join us so you can catch up on both 
the latest from the Center and what is going 
on in the industry.  After the isolation that was 
imposed by COVID for the last several years, it 
will be nice to get back to a “normal” schedule.  

As part of the NBRC meeting on that Tuesday 
morning (May 10th), we will have our normal 
report on Center operations followed by 
research reports.  We will update everyone 
on the latest thermal performance research, 
which includes testing on high mass wall 
systems and larger format brick.  We will 
also share information about updates to 
our plasticity testing procedures, lowering 
firing temperature, pyrite weathering, and 
updates on ASTM and Analytical testing 
procedures.  During the ACerS meeting, 
we will also be giving presentations on:

•	 Heat Work Simulations and Physical 
Properties – Nate Huygen

•	 Rapid Freeze/Thaw Testing             
Update – Mike Walker

•	 Bloating, Coring and Sulfate 
Decomposition in Brick – John Sanders

You can find more information about this 
year’s Spring Meeting on Page 16 of this issue.  

As many of you have heard, Mike Walker, our 
Quality Manager (administers our ISO 17025 
program and manages our ASTM testing), 
will be retiring in June.  We are really going to 
miss Mike’s hard work, “Can Do” attitude, and 
creativity. Fortunately, he is going to continue 
to work with us on an intermittent basis to 
help us with special projects.  Mike and his 
wife, Alicia, plan to travel and enjoy a more 
relaxed lifestyle after retirement and, while 
we are extremely jealous, we wish them well.  

To find someone to fill Mike’s position, we 
are looking for someone who is familiar with 
the Center and its operations and who has 
manufacturing and quality experience.  We 
have identified a candidate for the position 
and are in the process of making an offer at 
the time of this writing.  We will have more 
information to share about this person soon, 
but the plan is to have some overlap between 
Mike and the new person, to allow for 
training.  Mike will still be with us on a limited 
basis if we need any help with the transition.  

In this issue you will find a discussion by Mike 
Walker about the shell thickness requirements 
in C216 and C652 (see page 18 ).  Also, this 
issue brings you the second part of “Firing 
Larger Format Units” (see page 4). Nate Huygen 
will present this in our next Webinar set for 
Wednesday, April 20—we hope you will join us.

See you at the Spring Meeting!
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Firing Larger Format 
Brick, Part 2 of 2 
by Nate Huygen

In part 2 of the larger format unit thermal research, the firing behavior of the units was investigated 
and modeled. Being able to predict the firing behavior allows for optimization of the firing cycle 
for a particular size or configuration of unit, thus ensuring product uniformity and consistency. If a 
material is fired too rapidly, there will be a significant temperature gradient within the unit during 
firing. This can lead to significantly different properties within the interior of the unit compared to 
the exterior. This may lead to a reduction in performance of the unit.

In order to simulate the firing behavior of a material, we must know the density, thermal 
conductivity, and heat capacity, and how these vary with firing temperature. Density information 
can be obtained using a dilatometer, but for this material the change in density was relatively 
minor in the temperature range used, so it will be omitted. Heat capacity can be measured using a 
differential scanning calorimeter (DSC), which measures the heat flow into a sample as it is heated. 
The heat capacity for this material is shown in Figure 1. 

Figure 1 – Heat Capacity Measurement
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Measuring the thermal conductivity of a material at temperature is challenging, especially as it is 
continuously undergoing reactions during firing. Instead, the thermal conductivity was measured at 
ambient temperature of samples that were heated to various temperatures in a gradient furnace. 
This information is shown in Figure 2.

Figure 2 – Ambient Temperature Thermal Conductivity Measurement

"Firing Larger Format Brick" continued
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Despite the thermal conductivity data being useful for predicting how this material behaves at 
ambient conditions, it does not predict the temperature gradient within the part well at higher 
temperatures. This is because the effective thermal conductivity at elevated temperatures can 
be significantly higher than ambient values due to the contributions from radiative heat transfer. 
Because of this, a test method was developed to calculate the thermal diffusivity directly from 
the unit itself during a firing cycle. If a unit is subjected to a linear temperature increase on its 
surface, then, after some settling time, the temperature difference between the interior and 
exterior of the part will reach a constant value if the thermal diffusivity is constant. Utilizing a 
one-dimensional finite element model, the diffusivity of the material was calculated such that the 
modeled temperature gradient matched the experimentally measured one.

By measuring the diffusivity this way, the thermal properties of the unit can be determined as it is 
undergoing reactions. The calculated diffusivity of the material is shown in Figure 3. Initially, the 
thermal diffusivity drops slightly with increasing temperature in the range from 200 to 1000 °F 
which is caused by an increasing heat capacity in this range. Between 1000 and 1100 °F there is an 
abrupt transition where the diffusivity drops by a factor of four. This is due to decomposition of clay 
which is endothermic and appears as a high heat capacity while the reaction is ongoing. Following 
this, the diffusivity rises continuously until approximately 1700 °F where it begins dropping again. 
This is very interesting as this is in the same temperature regime where mullite recrystallization 
occurs. This recrystallization, however, is exothermic and should appear as an increasing diffusivity 
– opposite of what was observed. Comparing the ambient temperature thermal conductivity data, 
what appears to be an outlier measurement taken at 1695 °F is higher than the thermal conductivity 
at 1740 °F. This would indicate that the decreasing diffusivity at this temperature is driven by a 

"Firing Larger Format Brick" continued
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significant decrease in the conductivity of the material. One possible reason for this decrease in 
conductivity would be due to the nucleation of mullite crystals, introducing a significant number 
of grain boundaries and increased thermal resistance within the material. Further increasing the 
temperature above 1800 °F showed a continuous increase in thermal diffusivity.

Figure 3 – Calculated Thermal Diffusivity

ANSYS was used to carry out three-dimensional thermal modeling of the large format unit under 
five different firing conditions. These are listed in Table 1. Refer to part 1 of this research for the 
specific unit configuration and physical properties of the unit. For all five firing cycles, there was 
found to be reasonably good agreement with ANSYS results, especially considering the thermal 
diffusivity was calculated from similar data but using a one-dimensional model.

Table 1 – Firing Cycle Details

Cycle Ramp Time Soak Time

1 6hr 0hr

2 12hr 0hr

3 24hr 0hr

4 12hr 1hr

5 12hr 3hr

"Firing Larger Format Brick" continued
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There was a significant lag found in the temperature at the center of the unit during firing. This 
lag was significantly impacted by the ramp rate of the cycle, as shown in Figure 4. The faster the 
unit was fired, the greater the temperature difference between the interior and exterior. This can 
be seen in Figure 5. Interestingly, the temperature gradient reduced rapidly once the temperature 
soak started due to the thermal diffusivity at the elevated temperature being relatively high. Even 
though the exterior of the unit was increasing in temperature towards the end of the ramp, the 
difference between interior and exterior temperature was decreasing due to the increasing thermal 
diffusivity.

Figure 4 – Measured Internal and Surface Temperature

Figure 5 – Measured Temperature Gradient

"Firing Larger Format Brick" continued
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LINGL Installation & Service Co. Inc.
522-B Arbor Hill Road · Kernersville, NC 27284, USA · phone: +1 (336) 992-3787 · fax: -3788 · mail: service@lingl-usa.com

LINGL INstaLLatIoN & servIce, Us – 
YoUr PartNer For ProJects aND servIce

www.lingl-usa.com

Plant CheCks
Our service engineers helps mini- 
mise downtime, extend machine 
life and avoid expensive repair.

OPtimiZatiOn
Implementation of technical inno- 

vations and new developments 
to optimise your operations.

sPare Parts

PrOCess analysis rObOt serviCe safety systems

Qualified technical advice on all 
spare and wear part enquiries 

and quick supply of 
original parts.

Based on analysis of processes of 
your dryer and kiln, we indicate 

potential in quality, capacity 
and energy.

We are specialized in performing 
minor and major maintenance 

work on Fanuc robots.

Modification of safety systems and 
evaluation devices (e.g. safety 

doors, safety light barriers 
and muting systems).

Zi Best service supplier



 

� Totally Relineable Dies 
� Brick Dies 
� Shape Dies 
� Lug Paver Dies 
� Roof Tile Dies 
� Floor Tile Dies 
� Terra Cotta Dies 
� Flue Dies 
� Repress Trim Dies 
� Extrusion Troubleshooting 

Reymond uses cutting edge 
technology with CNC machines, 
EDM machines, and SolidWorks 

CAD design for complex die 
assemblies that maybe required and 

repeatable quality. 

� Completely Customizable Die for Your 
Needs 

� In-House Casting Foundry to Allow for 
Quality Castings 

� Quality Metals for Longer Wear Life of Dies 
� Texturing & Trimming Equipment 

We are a representative of Sabo S.A., one of 
the leading companies in constructing 

Turnkey plants, producing all kinds of bricks 
and tiles all over the world. 
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Summary results for each firing are given in Table 2. Measured and modeled interior temperatures 
are shown in Figure 6. Experimental data is shown as a solid line, and modeled results are shown 
with a dashed line.

Property Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5
Temperature Gradient at 

End of Ramp [°F]
116.1 78.8 79.2 148.7 140.4

Temperature Gradient at 
End of Soak [°F]

- - - 22.1 5.8

Maximum Temperature 
Gradient [°F]

497.9 321.5 186.7 334.1 323.5

Surface Temperature at 
Maximum Temperature 

Gradient [°F]

1619 1475 1310 1478 1441

Internal Temperature at 
Maximum Temperature 

Gradient [°F]

1121 1154 1123 1144 1117

Table 2 – Firing Cycle Summary Results

Figure 6 – Measured and Modeled Interior Temperature

"Firing Larger Format Brick" continued
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Interestingly, the observed temperature gradient between the interior and exterior of the unit 
was between 70 and 140 °F at the end of the ramp and did not show systematic variation with 
ramp rate. This implies that the final firing temperature was sufficiently high enough above the 
temperature where the clay decomposition happened that it was able to partially “catch up” to the 
surface temperature. The maximum temperature gradient in the unit occurred when the clay in the 
center of the unit was decomposing. Evidence for this was the consistent internal temperature of 
approximately 1120 °F for all five firing curves when the maximum temperature gradient occurs. 
Despite the internal temperature being identical, the surface temperature was significantly higher 
under the faster ramp rates, which could cause problems if the exterior partially vitrifies and 
becomes impermeable to gasses while the interior is decomposing.

There was found to be a linear relationship between the inverse of the ramp rate and the inverse 
of the maximum temperature gradient within the unit during firing. This relationship is shown 
in Figure 7. This implies that as the ramp rate is increased, the maximum temperature gradient 
decreases, but that there are diminishing returns. This also means that if the currently used ramp 
time of the part is excessively long, that it should be able to shorten it without significantly altering 
the temperature gradient within the unit.

Figure 7 – Ramp Time vs. Reciprocal of Maximum Temperature Gradient

The unit size impacted the temperature gradient within the part more significantly than the 
ramp rate. The impact of time on the distribution of heat within a material is generally linearly 
proportional, while the impact of size is quadratic. Doubling the time reduces the temperature 
gradient approximately by a factor of two, but halving the thickness of the sample, reduces 

"Firing Larger Format Brick" continued
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the temperature gradient by a factor of four. This impact can be seen in Figure 8, which shows 
the difference between internal and external temperature for three units of different size. This 
impact implies that for any change in unit geometry (size), the firing cycle will have to be adjusted 
significantly more. If the thickness of the unit is halved, the firing rate can be sped up approximately 
four times and have the same maximum temperature difference within the unit (assuming that is 
the limiting factor on firing).

The significant impact of the unit geometry on the temperature uniformity within the part 
explains why coring helps to improve physical properties. Assuming that there is airflow within 
the cores during firing, it significantly reduces the amount of distance that heat has to travel to 
reach the innermost part of the unit. As we showed above, 
size has a more significant impact than time on the maximum 
temperature gradient within the unit.

Minimizing the temperature gradient within the part during 
firing results in maximizing the amount of heat work that 
the interior of the unit experiences. This results in more 
uniform properties and less variation across the unit as a 
whole, as was discussed in part 1. The temperature gradient 
or temperature difference discussed in this article refers to 
the difference between center surface temperature and the 
temperature at the center of the unit. This is the maximum 
temperature difference within the part during firing. Other 
locations in the unit will have temperatures somewhere 
between these two depending on their locations.

Figure 8 – Impact of Size of Temperature Difference

14
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IS THIS AN 
ORDINARY BRICK?

NOT IF  
IT’S MADE 
WITH  
ADDITIVE-A®.

At Borregaard LignoTech, we’re dedicated to quality— 
both yours and ours.

When you use Additive-A,® you are using a product 
manufactured to the highest quality standards.

Our quality management system is ISO 9001:2000 certified, 
and our technical specialists have been serving the clay 
technology industry for over 50 years.  Contact us to optimize 
quality and reduce production costs in your plant today.

Additive-A®…
when quality 
and performance 
matter.

MORE THAN MEETS  
THE EYE…ADDITIVE-A®

LignoTech USA • Tel: 715.355.3690   
Fax: 715.355.3629   
E-mail: ceramics@borregaard.com   
www.lignotech.com



Visit Ceramics.org/event
and REGISTER 

to take part in the 

2022 Spring Meeting2022 Spring Meeting
  

The combined meeting of the ACerS 
Structural Clay Products Division, ACerS 
Southwest (SW) Section, and Clemson 

University’s National Brick Research 
Center (NBRC) takes place May 9 - 11. May 9 - 11. The 
meeting will include plenty of networking 
opportunities with a hospitality suite each 

evening, the suppliers’ mixer, and a banquet 
on the final night. The meeting also includes 

the annual NBRC meeting, a general technical 
session, and a full day of plant tours.
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Plant Tours

Plant tours scheduled for 
Wednesday May 11:

Statesville Brick
 http://statesvillebrick.com/

J.C. Steele
 https://www.jcsteele.com/

Old Carolina Brick
 https://www.handmadebrick.com/

Taylor Clay Products
 https://taylorclaybrick.com/

Technical Session Topics
• Heat Work Simulations and Physical 

Properties – Nate Huygen, NBRC

• Rapid Freeze/Thaw Testing Update – 
Mike Walker, NBRC

• Bloating, Coring and Sulfate 
Decomposition in Brick – John Sanders, 
NBRC

• Culture Wins…Every time – Daniel Egge, 
Indiana Plant Manager, Brampton Brick

• The COVID Conundrum: Where do 
we go from here? – Mike Rixner, US 
Technical Manager, Brampton Brick

• Machine Operator Training – speaker 
tbd, J.C. Steele

Tentative Schedule of Events

Monday, May 9 
• Registration      3 – 6 PM
• Hospitality Suite      5 – 10 PM

Tuesday, May 10 
• Registration      7:30 AM – 5 PM
• NBRC Meeting      8 – 11:30 AM
• Lunch on own      11:30 AM – 1 PM
• Technical Session      1 – 5 PM
• SW Section Business Mtg.  5 – 5:30 PM
• Supplier's Mixer       6 – 7:30 PM
• Hospitality Suite       8 – 10 PM

Wednesday, May 11 
• Plant Tours      8 AM – 4:30 PM
• Reception      6:30 – 7 PM
• Banquet       7 – 9 PM
• Hospitality Suite      9 – 10 PM

  

Hotel Information 

The meeting will take 
place at the Omni 
Charlotte Hotel in 

Charlotte, NC. 

Omni Charlotte Hotel
Address: 132 E. Trade St

Charlotte, North Carolina, 
USA

Phone: +1-704-377-0400



Shell Thickness 
by Mike Walker
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The outer walls of a Facing or Hollow 
masonry unit are typically referred to as 
face shells or shell walls and are important 
to the performance of the product. That is 
why there are requirements on the shell 
dimensions for different configurations 
provided in the ASTM standards. ASTM C216 
Standard Specification for Facing Brick gives 
requirements for masonry units with void 
areas up to 25% and has a simple specification. 
All of the shell thicknesses around the unit 
must be at least ¾ inches thick. If your brick 
has a void area over 25%, the requirements 
are covered in ASTM C652 Standard 
Specification for Hollow Brick and are more 
complicated because of the different core 

configurations that may be used to make 
this type of brick. The requirements for shell 
dimensions under ASTM C652 have provoked 
many discussions over interpretation of 
what is required by the ASTM standard. 
What follows is a popular interpretation of 
this standard’s requirements, possible areas 
of confusion, and what appears to be gaps in 
the requirements. 

In ASTM C652, two terms need to be defined 
before continuing:  Cores and Cells. Cores are 
individual voids with cross-sectional areas not 
greater than 1.5 in2. Cells are individual voids 
with cross-sectional areas that are greater 
than 1.5 in2. These two terms will be used 
when determining the minimum dimensions 
on different parts of the brick. I am also going 
to create a term that I am going to call "the 
Primary Voids." The Primary Voids are those 
that are not contained within the shells of 
the brick.

The first thing that may lead to some 
confusion is Table 1 in the standard Class 
H60V – Hollow Brick Minimum Thickness of 
Face Shells and Webs, which is located in 
Section 6 - Materials and Manufacture of the 
standard. This table gives the minimum web 
and shell thicknesses for hollow brick that 
have a total void area that is greater than 
40%, but not greater than 60%. The rest of 
the dimensional requirements that impact 
the shells and webs is given in Section 11 – 
Coring and Frogging. Let’s see if we can build 
a road map through these requirements.
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The first step in checking the brick is to 
determine if the brick is a solid shell, cored 
shell, or double-shell brick. The first three 
figures shown above are examples of solid 
shell brick. Figure 4 is a cored shell and figure 
5 is a double-shell brick. If the brick is a solid 
shell design, the minimum distance from 
a Core to an exposed edge is 5/8 inch. The 
minimum distance from a Cell to an exposed 
edge is ¾ inch. Exposed edge refers to the 
edge of a surface that will be exposed when 
the product is installed in a structure.

If the brick has a cored shell, the full width 
of the cored shell (shown as dimension 
“a” in figure 4) must be a minimum of 1½ 
inches. From there things get a little more 
complicated. First, we need to determine if 
the individual cores contained in the shells 
are greater than 1 in2. If they are greater than 
1 in2, the cores must be at least ½ inch from 
any edge (dimensions “h” and “m” in figure 
4.) This means exposed edge, unexposed 
edge, or neighboring cores or cells. If the core 
is not greater than 1 in2, then the distance 
to any edge must be at least ⅜ inch and the 
void area of each shell cannot be more than 
35%. Meaning, the total area of the voids in 

one shelled face divided by the length and 
width of that face cannot be more than 35%.

If the brick has a double-shell hollow design, 
the inner and outer shells must be at least 
½ inch thick. It is also required that the cells 
are not more than ⅝ inch wide and are not 
more than 5 inches long. If any of the shelled 
faces of the brick are not cored or double-
shelled (such as the header shells in figures 4 
and 5), the requirements for solid shell apply 
to that face. 

If the total void area of the brick is greater 
than 40%, then the additional requirements 
listed in Table 1 in the standard  also 
apply. This gives the minimum overall shell 
thickness for solid, cored, and double-shell 
walls, based on the nominal width of the 
brick being tested.

The minimum requirements for webs are 
dictated by the type of voids they are 
separating. If the web is between to cores, 
primary cores or shell cores, the web must 
be at least ¼ inch thick. If the web is between 
a core and a cell, the web must be at least ⅜ 
inch thick. If the web is between two cells, it 

"Shell Thickness" continued
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must be at least ½ inch thick. 

One of the underdefined requirements has 
to do with solid shells on unexposed edges. 
The exposed edge requirements are clearly 
defined. The only requirement for shells on 
unexposed edges is given in Section 11.4 
shown below.

11.4 Unexposed Edges—The distance of voids 
to grooves recessed ½ in. (13 mm) or greater 
shall be a minimum of ½ in. (13 mm).

This does not put any requirement on shells 
of unexposed edges unless it has grooves 
that are at least ½ inch deep. Meaning, if you 
do not have grooves or they are less than ½ 
inch, you can make the unexposed shells to 
any thickness.

The wording for double-shell hollow 
brick in Section 11.2.1 also can be easily 
misunderstood as well.

11.2.1 Double-shell hollow brick with inner 
and outer shells not less than ½ in. (13 mm) 
are permitted to have cells not greater than 
⅝ in. (16 mm) in width nor 5 in. (127 mm) in 
length between the inner and outer shell.

A reader could interpret the language such 
that if you make double-shell hollow brick 
with inner or outer shells that are less than ½ 
inch than there are no requirements on the 
dimensions of the cells in the shells.

If you interpret the language in ASTM C652 
differently, I am sure you are not alone. I can 
“feel” an ASTM committee forming to review 
this Section as I type; a skilled team to put 
effort into better defining and outlining the 
requirements for clarity. Don’t you?

www.dubosestrapping.com
(910) 590-1020
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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.
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NBRC Brickmakers' 
Short Course, March 2022

Attendees of the March 2022 Short Course
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F i r i n g  s o l u t i o n s

Since 1955 leader in the heavy-clay firing  
technology for every kind of kiln and fuel.

 is August 1 - 4, 2022
   registration will open soon  

The next 

Be sure to follow us for the 
latest news and updates:

NBRC Website
www.brickandtile.org

Twitter.com/NBRCClemson

Facebook.com/NBRCClemson

Instagram.com/NBRCClemson



Thank you to our 
2021 Brick Forum

 Utlity Size 
Sponsors

Thank you to our 
2021 Brick Forum 

King Size 
Sponsors

Thank you to our 
2021 Brick Forum 

Queen Size 
Sponsors

Thank you to our 
2021 Brick Forum 

Modular Size 
Sponsors

 

Reymond Products Intl. / SABO

Basic Machinery Co. 
• Capaccioli S. R. L. • 

Direxa Engineering, LLC 
• Halbert Mill Co. • 

Lingl Installation & Service Co., Inc. 
• J. C. Steele & Sons, Inc. • 
Prince Minerals • Signode 

• Stedman Machine Company

Bernini Impianti SRL • Borregaard USA, Inc. 
• Danser, Inc. • De Boer Machines 

Nederland BV • Hellmich GmbH & Co. KG 
• Keller HCW GmbH • MECO • MoistTech 

Corp. • Star Engineering, Inc. 

Bedeschi • Ceratec • Dubose Strapping • E. Dillon 
& Company • EH Wright Co. • Interstate Paper 

Supply Company • Kimpe America LLC • 
Leirimetal S. A. • McHale & Associates, Inc. • 

Midwestern Industries, Inc. • Niokem • 
Orton Ceramic Foundation • Rockett Inc. • 

TMI USA, Inc.
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