A PROFESSOR'S PERSPECTIVE

Is Fly Ash Going Away?

by Dr. Tyler Ley and Dr. Marllon "Dan" Cook, Oklahoma State University

Fly ash has become a fundamental
ingredient in concrete mixtures. It lowers
the cost, improves the durability, and
improves the sustainability of concrete.
The supply of fly ash is decreasing as
society becomes less dependent on
coal-fired power plants. This has created
shortages of fly ash and many people
have started to wonder, “Is fly ash going
away?”

While the supply of traditional fly ash
captured from the flue gas of coal-
burning power plants is becoming more
limited, there is more than a 170-year
supply of usable fly ash that has been
buried or is in holding ponds, according
to the American Coal Ash Association.!
This reclaimable fly ash has not previously
been used due to low demand or
because it is slightly out of specification.
Although it may not meet the current
ASTM C618 Standard Specification
for Coal Fly Ash and Raw or Calcined
Natural Pozzolan for Use in Concrete,?
this material is now being mined, refined,
and used in ready-mixed concrete in
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North Carolina, South Carolina, Texas,
and Pennsylvania.

Users are finding that this material has
properties that are similar to, and in some
cases more consistent than, those of
traditional fly ash. Because this material
is refined, the producer can control the
quality of the fly ash. The companies that
sell it use a wide range of proprietary
methods to refine the ash. It is not clear
whether these refining methods will work
on any fly ash source, but satisfactory
results are reported for existing sources.

The Federal Highway Administration
(FHWA) is sponsoring research project
FHWA-PROJ-19-0017, Performance-
Based Classification Methods for
Reclaimed Fly Ash, to help with the
adoption of reclaimed fly ash. Laboratory
testing at Oklahoma State University,

Georgia Tech, and Ohio State University
on 14 different sources of primarily
reclaimed Class F fly ash shows that there
is little change in the slump or strength
gain of concrete with reclaimed fly ash for
the first 28 days; however, there is some
loss of strength (approximately 10%) at
56 days and 90 days for certain reclaimed
fly ash sources. This suggests that, in
some cases, concrete with reclaimed fly
ash does not achieve the same increase
in long-term strength as mixtures with
conventional fly ash, but other properties
do not seem to be adversely affected.
Further work is underway to investigate
chloride diffusion and the ability of
reclaimed fly ash to suppress the alkali-
silica reaction of the concrete, and
findings for both seem promising.

One product of the FHWA-sponsored
research is a fly ash strength and

Figure 1. A screenshot of the Fly Ash Performance Calculator. When the user inputs

the chemical composition of the fly ash, the performance of concrete using the fly ash
is predicted relative to a mixture that only contains ordinary portland cement (OPC).
Relative performance is indicated for the compressive strength and diffusion coefficient
for several ages and two levels of fly ash replacement. An estimate of the heat of

hydration is also provided. Figure: Tyler Ley.
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permeability calculator, which was
developed with machine learning
algorithms. This calculator—which is
available for free at www.tylerley.com/
flyash—uses the oxide content of fly ash
from a mill sheet to predict whether a
concrete mixture with fly ash will provide
performance that is higher than, lower
than, or the same as the performance
of a concrete mixture that only contains
portland cement. This prediction is
made for both 20% and 40% fly ash
replacement in concrete with ages up
to 180 days. Figure 1 shows a typical
data entry screen. The calculator
is an outstanding tool that could
allow producers or departments of
transportation to evaluate a new source
of fly ash with a distinctive chemical
composition and predict how the concrete
will perform. For example, if there were
a fly ash shortage on a project, the
calculator could be used to help choose
a replacement fly ash that maintains the
required concrete performance.

This resource also provides much
deeper insights than the traditional
Class C and F fly ash classifications. The
algorithm's accuracy was just over 90%
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for 35 different fly ashes investigated,
and the tool is being extended to use
nontraditional fly ash sources.

Several companies are currently
investigating the viability of nontraditional
fly ash sources. Some of these sources
include blended fly ash, ground bottom
ash, and natural pozzolans. Blended fly
ash combines at least two fly ash sources.
Typically, one of the fly ash materials in
the blend does not meet the ASTM C618
specification, but the combined material
does. Ground bottom ash is a coal-
combustion product that is too heavy to
be carried up the flue. When this type
of ash is ground to a size similar to that
of fly ash, the concrete performs well.
Natural pozzolans are natural minerals,
such as clay and volcanic ash, that are
mined, ground, and sometimes heated.
These materials have a long history of
being used in concrete but have not been
used frequently because of cost. All of
these materials are being used to make
up for the shortfall of fly ash.

With all of these efforts, it is clear that
fly ash will not go away, but it will
change. New sources of reclaimed or

nontraditional fly ash are being brought
to the market and will provide new
opportunities to improve the durability,
sustainability, and cost of concrete.
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For information on how to use PCI’s eLearning site, follow this link: https://youtu.be/Pbriz4lflw8

PCl eLearning is useful for engineers at all stages of their careers. Professors may require students to take eLearning courses to learn more
about specific topics, and it is suggested that novice and mid-level-experienced engineers take in numerical order the T100 courses, and then
the T500 and T510 courses. The remaining courses focus on specialized areas. Although more experienced engineers may elect to skip topics
in eLearning courses, they can refresh their knowledge by reviewing specific modules and may wish to take the tests to earn PDHs or LUs.

T100 series course is based on Chapters 1 through 9 of PCI Bridge Design Manual, 3rd ed., 2nd release (MNL-133).

T200 series courses are based on the State-of-the-Art Report on Full-Depth Precast Concrete Bridge Deck Panels (SOA-01-1911).
T310 series course is based on MNL-133 Chapter 11.

Download the Transportation 1450 series courses are based on MNL-133 Chapter 10. T710 series course is based on MNL-133 Chapter 18.

Publications and Online
Resources Catalog at
https://www.pci.org/
PCI_Docs/Design_
Resources/Transportation_
Resources/2021%20
Transportation_Catalog.pdf

T500 and T510 series courses are based on the Bridge Geometry Manual (CB-02-20).
T520 series courses are based on Recommended Practice for Lateral Stability of Precast, Prestressed Concrete Bridge Girders (CB-02-16) and User
Manual for Calculating the Lateral Stability of Precast, Prestressed Concrete Bridge Girders (CB-04-20).

T350 series courses are based on the Curved Precast Concrete Bridges State-of-the-Art Report (CB-01-12), Guide Document for the Design of Curved,
Spliced Precast Concrete U-Beam Bridges (CB-03-20), and MNL-133 Chapter 12.
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