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ABSTRACT
As part of the ERPI High Volume Ash Utilization Program, existing demonstration
projects throughout the United States and Canada are being
documented. Data is
being acquired as to the type of application, design procedure
or philosophy,
construction procedures and performance and environmental
data. The majority of
these projects are full-scale applications for which fly
ash was an economical
alternative to standard methods and materials. These
projects include:
Structural and Site Fills, Embankments, Backfills, Roadway
Base Courses,
Subgrade Stabilizations, Soil Amendments and Grouts.
Over 200 projects have
been identified that used ash in high-volume applications.
More than 100 of
these projects utilized 1,000 or more tons of fly ash. These
projects demonstrate
that fly ash is a technically and economically feasible
alternative to commonly
used materials in many areas of the country.
INTRODUCTION
The use of fly ash as a high volume
construction material is mandatory to
increasing ash utilization in the
United States.
In general, the use of
fly ash for fills, embankments,
backfills, soil stabilization and
grouts is technically justified.
In
fact, fly ash is considered a typical
construction material in some
countries. However, the use of fly ash
for these applications has been
restrained in the United States for
many reasons. One major reason, and
possibly the dominant one, is the
presence of abundant and relatively
inexpensive virgin building materials
in the United States.
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Historically, construction costs in the
United States have been lower than in
other industrialized areas such as
Europe and Japan, primarily due to the
existance of relatively low cost building materials such as cement, lumber,
brick, aggregates, plaster and plaster
board.
It was not until the mid-1920s
that the first waste-product building
material, steel slag, was introduced,
and it was not widely accepted until
the 19 4 0s with utilization equaling
production in the mid 1950s. However,
other waste-product building materials
have not been well accepted. There are
substantive reasons why there is a
reluctance to use waste products,
including:
variability of material
quality and inconsistant supply. One
result of environmental legislation in
the 19 7 0s, was that certain uses of
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waste products required treatment
similar to waste disposal sites, thus
introducing another impediment. When
the Resource Conservation and Recovery
Act (RCRA) was passed in 1976,
recycling of waste materials was a
major goal. However, the
implementation of this objective is
only recently being undertaken by
federal agencies such as EPA.
Utilizing waste products not only
reduces the environmental impact of
otherwise required disposal sites but,
also extends the existing supplies of
indigenous materials. The quantity of
fly ash utilized from 1979 to 1983 is
shown on Table 1.

%

of the volume of ash produced. In
fact, if ash was used in all concrete
produced in the United States, it would
still be only a minor percentage of the
volume available. Table 2 shows the
the calculated maximum ash utilization
rate for 1983 based on U.S. cement
production. At most, only 27 percent
of all fly ash produced could have been
used in cement at a 20 percent
replacement rate.
Unfortunately, this situation does not
resolve the need of utilities to market
ash.
In addition to the low maximum
percentage use, other complications
such as producing fly ash that does not

TABLE 1. FLY ASH PRODUCTION AND UTILIZATION
IN
THE UNITED STATES FROM 1979 TO 1983 (NAA,
1984)
CATEGORY

QUANTITY (106 TONS)
1979

1980

1981

1982

1983

TOTAL COAL CONSUMPTION

526.01

568.32

595.58

585.37

600.12

TOTAL FLY ASH PRODUCED

57.5

48.31

50.26

47.91

52.35

TOTAL FLY ASH UTILIZED

10.0

6.42

9.41

7.95

7.52

TABLE 2. POTENTIAL FOR FLY ASH UTILIZATION
IN CONCRETE IN 1983 (BuMINES, 1984)
CATEGORY
TOTAL CEMENT
POTENTIAL

PRODUCED

HAVE

70.42

FOR FLY ASH AT 20%

ACTUAL FLY ASH

MAXIMUM

QUANTITY (106 TONS)

14.08

UTILIZED

3.62

AMOUNT OF FLY ASH PRODUCTION

BEEN USED

IN CONCRETE:

Historically, the use of fly ash in the
United States has been primarily directed towards its use in concrete.
This is an excellent example of waste
product utilization because there are
both technical and economical benefits
from its use. Howeveri the rate of ash
used in concrete is but a small portion

THAT COULD

26.9%

meet the requirements of ASTM C618-83
for concrete-quality ash can prevent a
power station from marketing ash.
Therefore, high volume uses for ash
which do not demand stringent specifications are beneficial to the
industry. Structural fills, embankments, backfills, grouts and roadbase,

due to their higher potential volume,
are examples of this type of use.
However, these are not considered
typical by highway agencies and
contractors in the United Statest
therefore the number of applications is

0

trucks,dozersandselfpropelled compaction
equipment.

0

EMBANKMENTS- Theseare
fills placed foruse as

limited.filplcdfruea

support for highways
and railroads or as

Topromotethewidespreaduseofthese

To pomot

thewideprea
useof tesedams to impound
water. Embankments

high volume applications, the Electric
Power Research Institute (EPRI) has
initiated a 5-year program directed at
promoting these uses. As a first step
in this process, existing high volume
ash utilization projects are being
documented. The information available
from this study, as of November 1,
1984, is summarized in the following
sections.

usually haveanexposed
slope facevwhere slope
stability is an importantconsideration.
.

stricted areas behind
retaining walls or in
trenches. Because of
the restricted area,

DEFINITIONS OF HIGH VOLUME/LOW
TECHNOLOGYPROJECTS

compaction is likely to
beperformed by hand

These are 2 basic ways to utilize fly
ash produced from coal-fired electric
generating stations as follows:
*

S

In a dry or slightly
moistenedstate

DRYORCONDITIONEDASHPLACEMENT
The dryorconditonned state isdefined
asConditionedAshPlacement.
This
category has been subdivided into seven
sectionsasfollows:
S

tamperforother small
equipment.
*

Inaslurriedor
flowablestate

In the first type of application, ash
is either removed dry from the ash silo
and pneumatically transferred to a
tank-type truck or it is conditioned
with water (approximately 20 percent
moisture by weight) and placed in an
open-type dumping truck.
In the
slurried or flowable state, the ash is
blended with enough water so that it
can be pumped into place similar to
grouting applications.

FILLS - Theseprojects
are large area or site
fills as opposed to
embankments or*backfills. Fly ash is
placed with larger

BACKFILLS- Theseprojects areusuallysmall
fills placed in re-

*

LANDFILL COVER - In
these projects, ash is
used as a surficial
fill over other materials. An example is
using fly ash as daily
cover for
wastes in municipal
lieuof
st
i
eu
soil.
SOILAMENDMENT- In
theseprojects, ashis
used to modify existing
soils to facilitate
vegetativegrowth. The
flyashcanserve to
alter the particle size
of the existing soil,
provide calcium oxide
for neutralization
purposes or provide
trace element beneficiation. Anexampleis
using suitable fly ash
as a substitute for
lime in reclaiming
surface-mine areas.
SUBGRADE STABILIZATION
Flyashisusedto

reduce the plasticity
and increase shear
strength of unstable
soils. Principal
applications are for
theconstructionof
roadway subbase and
base, railroad beds,
fills for small structures and preparing
sites to support construction equipment.
*

PAVEMENT BASE COURSE Fly ash is stabilized
with cement and used as
the base-course component of roadway
pavement.

SLURRIEDORFLOWABLEASHPLACEMENT
*

GROUTING- Inthese
applications, fly ash
or fly ash plus cement
is used as a grouting
material. Applications
includes filling underground mines and sinkholes, slab jacking,
well sealing and filling potholes prior to a
surface coating of
asphalt pavement.
BACKPILLS- Theseapplications are similar
to the dry application
described above, except
that the ash can be
poured into place.
This application is
used behind retaining
structures as well as
tofilltrenchesand
voids between concrete
foundations and exposed
earth.
HYDRAULIC FILLS - Fly
ash is used in a slurried state for fill.
Specific applications
arelikelytoinvolve
reclaiming existing ash
ponds as developable
property.

EXISTING PROJECTS
The information on existing projects
was obtained from literature searches,
telephone surveys and mail surveys.
More than 200 utilities that burn coal
togenerate electric power were surveyed. Letters were also mailed to 54
highway agencies in the United States
and possessions.
In addition to the surveys listed
above, a total of 20 site visits were
conducted to gather additional information on specific projects or types of
ash uses.
From the surveys and site visits
discussed in the prior section, over
200separate projects were identified
that used fly ash in high volume/low
technology applications. Table 3 lists
the projects identified by type and
also shows that 115 of these projects
utilized 1,000 or more tons of fly ash.
The types of projects are discussed
according to the class of fly ash in
the following section.
PROJECTS DISTRIBUTED BY CLASS OF FLY
ASH
In order to understand why fly ash is
used in certain applications it is
useful to divide the projects by class
of fly ash.
Fly ash is divided into Classes F and C
in ASTM Designation C618-83 which is a
specification for fly ash as a mineral
admixture in portland cement concrete
(ASTM, 1983). Fly ash used in high
volume/low technology applications such
as fills, soil stabilization and
roadbase is not normally required to
meet the ASTM specifications, but the
definitions are commonly used in the
industry.
Class F fly ash is normally
produced from burning anthracite and
bituminous coal and has pozzolanic
properties. Class C fly ash is normally produced from burning subbituminous
or lignite coal.
In addition to pozzolanic properties, Class C fly ashes
may contain lime contents higher than

TABLE 5.

HIGH VOLUME / LOW TECHNOLOGY
APPLICATIONS OF CLASS C FLY ASH

PROJECT TYPE

NUMBER OF
PROJECTS

DRY OR CONDITIONED
BACKFILL
EMBANKMENT
FILL
LANDFILL COVER
PAVEMENT BASE COURSE
SOIL AMENDMENT
SUBGRADE STABILIZATION
WASTE STABILIZATION

PROJECTS OVER
1,000 TONS

ASH PLACEMENT

2
9
4

1
9
3

0

0

16
0
57
2

5
0
8
2

SLURRIED OR FLOWABLE ASH PLACEMENT
BACKFILL
GROUT
HYDRAULIC

FILL

1
8
0

0
6
0

TOTAL

99

34

subgrades. In these applications a
design mix is normally developed to
provide a desired amount of strength.
In applications on wet, clayey soils,
the ash is worked into the existing
soils until the surface layer is dry
and strong enough to support the necessary construction vehicles. Twenty of
the 57 subgrade stabilization projects
listed are of this type.
Often, the
construction contractor is able to
start construction on the same day the
fly ash is added to the soil, depending
upon the size of the site.
Pavement base courses are the next
largest applications. Because of the
self-hardening properties of Class C
ash, it is possible to construct
roadbases without adding lime or
cement. A unique variation of this
type of project has been constructed
several times in the Amarillo, Texas
area by DePauw Construction Company. A
product called "Homemade Rock" is made
at the Harrington Station of
Southwestern Public Service. The
material is crushed and placed as
roadbase.

There is sufficient free

lime in the homemade rock so that a
stabilized aggregate roadbase results.
CONCLUSIONS
More than 200 projects were documented
as of November 1, 1984 that utilized
fly ash in high volume/low technology
applications. Over 100 of these projects used more than 1,000 tons of
ash. Technology for utilizing fly ash
varies with the class of fly ash available.
For Class F ash, fills and embankmentare well documented in many geographic
areas. For Class C fly ash subgrade
stabilization is the most frequently
applied use, while significant amounts
are used in fills and backfills.
Recent new applications include cementstabilized flowable ash backfill from
Class F ash and homemade rock roadbase
from Class C ashce with
hizh calciuz
content.
Major impediMenTLs to ash utilization
continue to be the availability of
indigenous

construction
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environmental restrictions in some
states. Federal legislation and the
resulting agency guidelines for using
fly ash are likely to increase the
awareness of fly ash and help utilization efforts. Intense marketing by
utilities and utility contractors armed
with sufficient technical information
supporting the feasibility of fly ash
as a construction material is required
to significantly increase high volume
utilization. The existence of many
different applications of fly ash
documented during this project can be
used
to demonstrate that fly ash is a
practical high-volume construction
material.
REFERENCES
National Ash Association (NAA),
"Ash Production Dips to 65.41
million tons in '82, Utilization
also declines," Ash At Work, Vol.
XVI, No. 1, 1984.
National Ash Association (NAA),
"Ash Production Ash Utilization1983," NAA, Washington, D.C., 1984
U.S. Bureau of Mines (BuMines),
"Cement in 1982" Metal Industry
Surveys, U.S. Bureau of Mines,
Washington, D.C., July 28, 1983.
American Society for Testing and
Materials (ASTM), "Specification
for Fly Ash and Raw or Calcined
Natural Pozzolan for use as a
Mineral Admixture in Portland
Cement Concrete ASTM C618-83,"
Annual Book of ASTM Standards,
Section 4, Volume04.01, ASTM,
1983.

TABLE 3. HIGH VOLUME / LOW TECHNOLOGY PROJECTS
IDENTIFIED AS OF NOVEMBER 1, 1984
PROJECT TYPE

NUMBER OF
PROJECTS OVER
1,000 TONS
PROJECTS
DRY OR CONDITIONED ASH PLACEMENT

BACKFILL
EMBANKMENT
FILL
LANDFILL COVER
PAVEMENT BASE COURSE
SOIL AMENDMENT
SUBGRADE STABILIZATION
WASTE STABILIZATION

4
25
27
6
35
5
64
5

2
24
25
6
13
4
11
4

SLURRIED OR FLOWABLE ASH PLACEMENT
BACKFILL
EMBANKMENT
GROUT
HYDRAULIC FILL
TOTAL

10 percent depending upon the coal
source.

5
1
27
1

2
1
22

205

115

1

which has the potential to use a much
higher volume of fly ash compared to
LFA.

Class F Fly Ash Applications
The majority of electric generating
plants that burn bituminous coal are
located in the east, south and
midwest. As a result, the majority of
the Class F fly ash utilization
projects are located in these same
areas. Table 4 lists the various types
of applications documented for Class F
ash. A total of 106 projects were
located, of which 81 were placed in a
dry or conditioned state and 25 were
placed as slurries or flowable
applications.
Bulk uses, including embankments and
fills, comprised almost half of the dry
applications. Pavement base courses
accounted for 19 of the dry applications. Most of these were
lime/flyash/aggregate (LFA) or POZ-OPAC base courses while only 3 were comprised of cement-stabilized fly ash

The remaining projects were subgrade
stabilization (7), landfill cover (6),
soil amendment (5), waste stabilization
(3) and backfills (2). Therefore, the
applications with established design
and construction experience are fills,
embankments and LFA base courses. The
remaining applications have fewer design and construction examples
available.
Grouts comprised 19 of the 25 slurried
or flowable applications.
Over
1,000,000 tons of fly ash have been
placed into abandoned mine caverns,
primarily in West Virginia. Detroit
Edison has developed a procedure for
using flowable cement-stabilized fly
ash as a backfill.
The 4 backfills
listed in Table 4 were placed by
Detroit Edison. There is only 1
example of a hydraulic fill and 1
example of a flowable embankment.

TABLE 4.

HIGH VOLUME / LOW TECHNOLOGY
APPLICATIONS OF CLASS F FLY
ASH

PROJECT TYPE

NUMBER OF
PROJECTS

DRY OR CONDITIONED
BACKFILL

PROJECTS OVER
1.000 TONS

ASH PLACEMENT

2

1

EMBANKMENT
FILL
LANDFILL COVER

16

15

23
6

PAVEMENT BASE COURSE
SOIL AMENDMENT
SUBGRADE STABILIZATION
WASTE STABILIZATION

22
6

19
5
7
3

8
4
3
2

SLURRIED OR FLOWABLE ASH PLACEMENT
BACKFILL
EMBANKMENT
GROUT
HYDRAULIC FILL

4
1

2

19
1

16
I

TOTAL

106

One significant fact is that 81 of the
106 class projects are over 1,000 tons
and 19 of these were over 100,000
tons. Therefore, the use of Class F
ash in high volume applications
are
well established.
Class C FlyAsh Applications
There are 99 Class Cash applications
listed on Table 5.
Ninety of these
projectstutilized ash inaconditioned
ordrystate and9wereplacedas
slurries
Class Cash has a much higher content
of lime than Class F ash.
This property, along withthe pozzolanicn ature
of
theash, createsamaterial thatselfhardens whenwater is added.
This
property

results in the ash developing

compressive strength similar to ClassgF
ash stabilized with cement.
Of course,
in most cases there is no need to stabilize Class C ash.
It is more common
to experience situations in which
the
ashhardens too quickly ifitisnot
continually mixed andmaintained in
a
slurried state. Retardentshavebeen

1

81

developedthatslowthesettingtimeof
theashandthereby allow more time
betweenpreparation ofthe slurry and
placement.
The largest application of Class
F ash
is for subgrade stabilization. Pavement base course (16), embankments
(9),

fills (4), Backfills (2) and waste

stabilization (2)arethe next largest
use of Class
a Cash ina ldryaor
conditionedstate.
The largest
application of slurried ash placement
is as a grout. Only 1 backfill is
documented and no hydraulic fills are
listed.
In contrast with the Class F
applications, only 34 of the 99
Class C
applications were over 1,000 tons,
and
only
tons.

4of these were over 100,000

Asnotedabove, thelargestapplication
oftClassCashisas asoilstabilizer.
In some of these applications the
ash
is used as a replacement for lime,
cement or mechanical (aggregate) stabilization of roadway or site
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