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DEVELOPMENT OF CONTROLLED LOW STRENGTH MATERIALS
(“MANUFACTURED DIRT”) UTILIZING CLEAN-COAL ASH [1]

This project was for the development of mixtures of Controlled Low Strength Materia
(CLSM), ak.a. manufactured dirt, utilizing the MPU power station coal combustion by-
products (ash) from an FBC boiler. Two types of ash material were used for this project,
MPU North Silo ash and MPU South Silo ash. The report presents results of the
laboratory activities of the project. Due to the cementitious nature of the South Silo ash
material, cement was not used when the CLSM mixture utilized the South Silo ash. The
South Silo ash produced heat (exothermic reaction) after water was added.

CHARACTERIZATION AND APPLICATION OF CLASSF FLY ASH
AND CLEAN-COAL ASH FOR CEMENT-BASED MATERIALS[Z]

The major objective of this project was to develop technology for high- volume applications
of high-sulfur coal combustion by-products generated by using both conventional and cleant
coa technologies. A cleancoal ash is defined as the ash derived from SOxand NOXx control
technologies, and FBC and AFBC boilers. High-sulfur coal ashes, particularly clean-coal
ashes are underutilized. This project was primarily directed toward developing concrete
products incorporating large amounts of Class F and cleancoal ashes generated from
combustion of high-sulfur coals. Fifteen coal ash samples were obtained from eight different
sources burning high-sulfur coals to represent a spectrum of these coal ashes. These ashes
were characterized for their physical, chemical, mineralogical, and microstructura
properties. Based on these properties, two sources of both conventional (Class F) and clean
coal ashes were selected for further investigation. Two additional ash samples were prepared
by blending these selected conventional and cleancoal ashes. Using these six different ash
samples, nineteen concrete mixtures were proportioned for initial testing and evaluation. The
results showed that structural-grade concrete could be manufactured using large amounts of
conventional or clean-coal ashes, as well as the blended ashes.

Based on the results obtained fom the initial testing, twenty-seven additional concrete
mixtures were proportioned. Strength and durability testing of the fina concrete
mixtures revealed that structural-grade concrete could be manufactured having cement
replaced with high-sulfur coal ashes (Class F and cleancoal ashes) and coal ash blends
(Class F plus cleantcoal ash blends) up to 60 percent. On the basis of results obtained in
this investigation, several mixtures for the pilot-scale manufacturing of concrete were
recommended.

USE OF CLASSF FLY ASH AND CLEAN-COAL ASH BLENDSFOR
CAST CONCRETE PRODUCTS[3]

High-sulfur coa ash, particularly that obtained from cleancoa technology, are not
utilized in cast-concrete masonry products (bricks, blocks, and paving stones) industry.
This project was directed toward developing cast (masonry) concrete products



incorporating large amounts of ashes generated from combustion of high-sulfur coals
generated from both conventional and cleancoal technologies. Fifteen high-sulfur coal
ash samples were obtained from eight different sources and tested for their physical,
chemical, mineralogical, and microstructural properties. Based on these properties, two
sources of both conventional (Class F) and cleantcoa ashes were selected for further
investigation. Two additional ash samples were prepared by blending these selected
conventional and cleantcoal ashes. Using these six different ash samples, eleven
masonry mixtures were proportioned for initial testing and evaluation.

From results obtained in the initial phase, twenty-one additional masonry mixtures were
proportioned. Strength and durability testing of the final mixtures revealed that masonry
products could be manufactured with cement replacement up to 60 percent by high-sulfur
coal ashes (Class F and clean-coal ashes) and coal ash blends (Class F plus cleartcoa ash
blends). Based on results obtained in this investigation, severa mixtures were
recommended for a pilot scale manufacturing of cast concrete products.

HIGH-STRENGTH HVFA CONCRETE CONTAINING CLEAN-COAL
ASH [4]

This project was carried out to establish high-volume use technologies for manufacture of
cement-based products using ashes generated from combustion of high-sulfur coals. The
entire project was completed in two phases (Phase | and Phase I1). Phase | was reported
earlier [2].

Phase Il investigation involved field-testing and evaluation of few selected mixtures
established in Phase I. These mixtures were composed of nonair entrained concretes
incorporating conventioral fly ash for structural applications and air entrained concrete
mixtures for use in normal concrete construction. The results revealed that nonair
entrained ready- mixed concrete can be manufactured with up to 60% fly ash content for
structural applications and air entrained concrete for up to 30% fly ash content for normal
concrete construction.

DESIGN AND TESTING CLSM UTILIZING CLEAN COAL ASH [5]

The mgjor objective of this project was to develop mixture proportions for Controlled
Low Strength Material (CLSM) using cleancoal ash obtained from AFBC (Atmospheric
Fluidized Bed Combustion) boiler. The specific ashes utilized for this project were: (1)
circulating fluidized bed boiler fly ash and bottom ash; and, (2) stoker-type boiler fly ash
and bottom ash. These two coal ash samples were characterized for physical and
chemical properties, and water-leaching tests on the CLSM durry made from them.
Additional initial CLSM mixtures were also developed by blending these two ashes.

Tests conducted on the fina three selected CLSM mixtures included compressive
strength, bleeding, setting and hardening, settlement, length change of hardened CLSM,



water permeability, mineralogy, and chemical water leach testing. Results show that
acceptable CLSM materia can be developed by blending the fluidized bed boiler ash
with the stoker boiler ash. Recommendations for a pilot-scale manufacturing and
application of the three CLSM mixtures were made based upon the lab test results.

USE OF CLEAN-COAL ASH ASSETTING TIME REGULATOR IN
PORTLAND CEMENT [6]

Traditionally about 3 to 5% gypsum is inter-ground with portland cement clinker as setting
time regulator for portland cement production. In this paper a source of cleancoa ash
(CCA) was used to replace gypsum as asetting time regulator and mineral additive in CCA
cements. Up to 80% of CCA was blended with ground portland cement clinker. The
resulting blended cements were evaluated for time of setting (ASTM C191), soundness
(ASTM C151), compressive strength (ASTM C109), and sulfate resistance (ASTM C 1012).
Test results indicate that the time of setting of the blended cements increased with CCA
content up to 40%, then decreased with higher CCA content. All the CCA cements with
CCA were “sound” regarding the autoclave expansion test. The early strength (one day) of
the CCA cements was decreased. However, from the age of seven days and above the
compressive strengths of the CCA cements were equivalent to or higher than gypsum-
regulated cement with up to 60% CCA. CCA cements were less vulnerable to sulfate attack
than the gypsum-regulated cement.

LOW-COST, HIGH-PERFORMANCE MATERIALSUSING ILLINOIS
COAL COMBUSTION BY-PRODUCTS[7]

This project was proposed to provide a practica solution to disposal challenges
associated with hightsulfur coal combustion products (CCPs). The entire project work
was organized in three phases, each phase lasting one year. Phase | work was directed
toward optimizing mixture proportions for ready-mixed concrete and masonry products
containing ponded-Illinois-coal ash through lab investigation during the year 1994-1995.
In Phase I, a number of candidate mixtures for concrete, bricks, blocks, and paving stones
were established based on strength and durability performance data. In Phase |1 (1996-
1997), mixtures selected from Phase | were field manufactured and evaluated to establish
optimum concrete mixture proportions containing ponded-Class F fly ash. Phase llI,
1999-2000, emphasized the utilization of cleancoa ash and blends of clean-coal ash with
Class F fly ash in production of concrete and cast-concrete products.

Three nontair entrained, three non-air entrained HPC with a high-range water reducing
admixture, and three air entrained concrete mixtures, were manufactured at the facilities
of the United Ready-Mix, Inc., Peoria, IL. One mixture of each type of concrete was a
control mixture without fly ash and the remaining mixtures contained fly ash up to a
maximum of 35% of cleancoal ash based upon total cementitious materials and 5% by
weight ponded-Class F fly ash as a partial replacement of aggregates. Concrete mixtures
were evaluated for strength and durability related properties. Specimens were tested for



compressive strength, splitting tensile strength, flexural strength abrasion, and drying
shrinkage. Fifteen cast-concrete product mixtures consisting of five &in. hollow-core
block mixtures, five 2in. solid paving stone mixtures, and five brick mixtures were
manufactured at the facilities of Crumb-Colton Block Company, Rockford, IL. These
masonry product mixtures contained up to a maximum of 45% clean-coal fly ash based
upon total cementitious materials, and 8% by weight of ponded-Class F fly ash as a
partial replacement of aggregates. Blocks, paving stones, and bricks were tested and
evaluated for compressive strength, absorption, density, freezing and thawing resistance,
and abrasion as required by the applicable ASTM standards. Based upon the results of
the project, both clean-coal ash and ponded-Class F fly ash can be successfully used in
applications for both concrete and cast-concrete products.

CLEAN-COAL ASH ASA POTENTIAL SOURCE FOR DPC (DEFINED-
PERFORMANCE CONCRETE) [§]

The purpose of this project was to conduct physical, chemical, mineralogical, and
microstructural tests for determining properties of three sources of typical MPU clean
coa ashes (Combined MPU #5 and #7 Bottom Ash, MPU #8 Bottom Ash, and MPU #8
Fly Ash) to evaluate their potential options for beneficial reuse. The three ash sources
were selected based upon their diverse character (such as color, texture, type of collection
system/process, etc.). These three ash sources were specifically identified for
characterization before their possible use in a new type of concrete called DPC (Defined-
Performance Concrete). The primary objective of this project was to recommend
aternatives to the normal practice of landfilling by evaluating potential reuse/recycle
applications for these materials, especially in cement-based, durable, construction
meaterials.

Evaluation was started with lab-scale production and testing of the MPU clean-ash use in
the above-mentioned applications. Cost/benefit analysis and marketing studies were
planned; and a long-term evaluation program for these products were started. This
included the development of clean-coal ash specifications for high-potential, high-value,
applications such as DPC (Defined-Performance Concrete).

USE OF SUPERPLASTICIZERS IN THE PRODUCTION OF HVFA
CONCRETE CONTAINING CLEAN-COAL ASH AND PONDED-CLASS F
FLY ASH [9]

This paper presents results of laboratory and field experimental programs carried out to
investigate the use of superplasticizers in making HVFA and HPC concrete containing
clean-coa ash and ponded-Class F fly ash. In Phase 1, nine @ncrete mixtures with
HRWRA were made in the laboratory, consisting of one Control Mixture without ash,
four mixtures with ponded-Class F fly ash, two mixtures with cleancoa ash, and the
remaining two mixtures with blends of ponded-Class F fly ash and clean-coal ash. Test



results indicated that concrete mixtures incorporating up to 50% ponded-Class F fly ash
and up to 45 % clean-coa ash exhibited the required performance needed for structural-
grade concrete. Mixtures with blends of 17 % ponded-Class F fly ash and up to 44 %
clean-coal ash also met specified strengths for general concrete construction.

In Phase 2, four concrete mixtures containing HRWRA were made in the field at a ready-
mixed concrete plant. The first concrete mixture was proportiored without fly ash to
atain the 28-day compressive strength of 28 MPa. Three remaining concrete mixtures
were proportioned with ponded-Class F fly ash up to 60 % of the total cementitious
materials. Test results indicated that HVFA concrete mixtures, with HRWRA, achieved
strengths and shrinkage comparable to Control Mixture. Concrete mixtures made with
fly ash showed higher abrasion resistance than Control Mixture.

In Phase 3, three concrete mixtures containing HRWRA were made. The first concrete
mixture was proportioned without fly ash to attain the 28-day compressive strength of 21
MPa. The second and the third concrete mixtures were proportioned with clean-cod fly
ash up to 45% of the tota cementitious materials. The third concrete mixture aso
contained 6% by mass of ponded (i.e., wet-collected), coarse Class F fly ash as a
replacement for fine aggregates. Test results indicated that HVFA concrete made with
clean-coal ash and ponded-Class F fly ash, with HRWRA, achieved comparable or better
strength and durability properties than concrete made without the ash.

DEVELOPMENT AND DEMONSTRATION OF HIGH-CARBON CCPs
AND FGD BY-PRODUCTS IN PERMEABLE ROADWAY BASE
CONSTRUCTION [10]

This investigation was conducted to develop and demonstrate permeable base course
materials using coa combustion products (CCPs) for highways, roadways, and airfield
pavements. Three types of CCPs - two high-carbon, high-sulfate flue- gas desulfurization
(FGD) by-products, and a variable-carbon fly ash - were evauated for no-fines or low
fines concrete as a permeable base material. This report summarizes the work completed
for this two-year project.

A total of 56 mixtures were proportioned and manufactured in the laboratory in this
research. Mixture proportions for the base course materials were developed using a two-
step experimental optimization process. The first step involved developing mixture
proportions for permeable base course materials containing no CCPs. A tota of 26
mixtures were produced in the first step. The optimum mixtures developed from the first
step of the experimental process were used as candidate mixture proportions for the
second step of the optimization process. The second step of the mixture optimization
included various combinations of the three CCPs for developing mixtures for base course
materials. Specimens from each mixture were made using roller-compacted concrete
(RCC) technology in accordance with ASTM C 1435. Three different series of ten base
course mixtures were developed and tested based on the structure of the base course:
dense-graded, intermediate-graded, and opengraded. Each mixture was evaluated for



both strength and durability properties. The strength properties evaluated consisted of
compressive strength (ASTM C 39), flexura strength (ASTM C 78), and splitting tensile
strength (ASTM C 496). Durability properties consisted of drying shrinkage (ASTM C
157), resistance to sulfate exposure (modified ASTM C 1012), and resistance to rapid
freezing and thawing (modified ASTM C 666). Based on the mixture proportions
established in the laboratory, four prototype open-graded base course mixtures containing
one source of CCP were manufactured at a commercial ready- mixed concrete plant.

A full-scale base course mixture was produced for a construction demonstration, which
was held in conjunction with a technology transfer educational workshop conducted in
Green Bay, Wisconsin, in September 2002. The base course mixture was open-graded to
maximize drainage capability. The base course mixture was made by replacing
approximately 50 % of the cement with one of the sources of CCP evaluated for this
project. Adequate compressive and flexura strength were achieved from the mixture
used for the demonstration.

USE OF FGD MATERIAL AND PONDED CLASSF CCPsIN READY-
MIXED CONCRETE [11]

This paper presents the results of experimental investigations carried out to study the
effects of FGD material and ponded-Class F CCPs (coarse Class F ash) on the properties
of non-ar-entrained and air-entrained concrete. Ponded-ash was a mixture of fly ash and
bottom ash or boiler slag. Concrete was made and tested in laboratory as well as a a
ready-mixed concrete plant. A total of nine concrete mixtures were produced: three non
ar-entrained concrete mixtures, three non-air-entrained concrete mixtures with HRWRA,
and three air-entrained concrete mixtures. Percentage of FGD material varied from 22 to
45 % of the total cementitious (cement and FGD material) materials in nonar-entrained
concrete and 17 to 27 % in the ar-entrained concrete. All concrete mixtures aso
contained ponded, coarse Class F ash, as a replacement of up to 6 % of aggregates.

Control mixture of nonrar-entrained concrete and non-ar-entrained concrete with
HRWRA were proportiored to attain 28-day compressive strength of 35 MPa. Control
mixture of air-entrained concrete was proportioned to achieve compressive strength of 28
MPa at 28 days. Tests were performed for fresh concrete properties, and aso for
compressive strength, splitting tensile strength, flexural strength, and abrasion resistance.
For air-entrained concrete mixtures, salt-scaling test was aso conducted.

Based on the tests results it was concluded that: (1) non-ar-entrained concrete mixtures
can successfully incorporate up to 22 % FGD material and a blend of 34 % FGD material
and 6 % ponded, coarse Class F ash; (2) FGD material up to 45 % and 6 % of ponded,
coarse Class F ash can aso be used in nonar-entrained concrete mixtures using
HRWRA for general concrete construction; and, (3) air-entrained concrete mixtures
incorporating up to 17 % FGD material and blends of 27 % FGD material and 5%
ponded, coarse Class F ash can also be used for general concrete construction.



ACKNOWLEDGMENTS

The Center was established by a generous grant from the Dairyland Power Cooperative,
La Crosse, WI; Madison Gas and Electric Company, Madison, WI; Nationa Minerals
Corporation, St. Paul, MN; Northern States Power Company, Eau Claire, WI; We
Energies, Milwaukee, WI; Wisconsin Power and Light Company, Madison, WI; and
Wisconsin Public Service Corporation, Green Bay, WI. Their support, and the support of
Manitowoc Public Utilities, is gratefully acknowledged.

REFERENCES

1.

10.

Nak, T. R., and Kraus, R. N., “Development of Controlled Low Strength Materials
(“Manufactured Dirt”) Utilizing MPU Ash” CBU-1996-11, February 1996, 36
pages.

Nak, T. R., Banerjee, D., Kraus, R. N., Singh, S. S, and Ramme, B. W.,
“Characterization and Application of Class F Fly Ash and Clean-Coal Ash For
Cement-Based Materials” CBU-1996-08, Proceedings of the 12" International
Coa Ash Use Symposium, Published by ACAA, January 1997, 20 pages.

Nak, T. R., Banerjee, D., Kraus, R. N., Singh, S. S., and Ramme, B. W., “Use of
Class F Fly Ash and CleanCoal Ash Blends For Cast Concrete Products,” CBU-
1996-07, Proceedings of the 12" International Coal Ash Use Symposium,
Published by ACAA, January 1997, 16 pages.

Nak, T. R.,, Singh, S. S., and Ramme, B. W., “High-Strength HVFA Concrete
Containing Clean-Coal Ash,” CBU-1997-01, Proceedings of the 13" International
Coa Ash Use Symposium, Published by ACAA, January 1999, 18 pages.

Nak, T. R., Kraus, R. N., Sturzl, R. F., and Ramme, B. W., “Design and Testing
CLSM Utilizing Clean Coal Ash,” CBU-1997-07, ASTM STP 1331, Design and
Application of CLSM, June 1997, pp. 27 - 42.

Wu, Z., and Naik, T. R., “CleanCoa Ash As Setting Time Regulator and mineral
Additive in Blended Cements, CBU-2000-16, the Fifth CANMET/ACI
International Conference on Recent Advance of Concrete Technology, Singapore,
July 2001, pp. 83 - 94.

Nak, T. R., and Kraus, R. N., “LowCost High-Performance Materials Using
[llinois Coal Combustion Products,” CBU-2000-35, Final Technical Report Issued
to the Illinois Clean Coal Ingtitute for Project 99-1/2.1B-4, October 2000, 44 pages.
Nak, T. R, and Kraus, R. N., “CleanCoal Ash As A Potential Source For
Construction Materials,” CBU-2001-14, July 2001, 78 pages.

Nak, T. R., Kraus, R. N., Siddique, R., and Botha, F., “Use of Superplasticizersin
the Production Of HVFA Concrete Containing Clean-Coal Ash and Class F Fly
Ash,” CBU-2002-16, Seventh CANMET/ACI International Conference on
Superplasticizers and Other Chemical Admixtures in Concrete, Berlin, Germany,
October 2003, pp. 177 - 195.

Nak, T. R, Kraus, R. N., Siddique, R., and Ziemkiewicz, P., “Use of Coal
Combustion Products in Permeable Roadway Base Construction,” CBU-2002-24,



11.

Proceedings of the 15" ACAA International Symposium on Management of Use of
Coal Combustion Products (CCPs), St. Petersburg, Florida, Jan. 2003.
Naik, T. R, Kraus, R. N., Siddique, R., and Botha, F., “Use of FGD Materia and
Ponded Class F CCPs In Ready-Mixed Concrete” CBU-2002-38, Eighth
CANMET/ACI International Conference on Fly Ash, Silica Fume, Slag, and
Natural Pozzolans in Concrete, Las Vegas, May 2004, pp. 349 - 366.

ADDITIONAL REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

ACAA, “Coa combustion products (CCP) - production and use,” Alexandria, VA,
1996, pp. 2.

ACI 226 Committee, “Use of Fly Ash in Concrete,” ACI Materials Journal, 1987,
pp. 381 - 4009.

ACI 229R - 94 Report, “Controlled Low-Strength Materials (CLSM),” Concrete
International, July 1994, pp. 55 - 64.

Ahmed, 1., “Use of waste materials in highway construction,” Fina Report, Joint
Highway Research Project, FHWA/IN/JHRP-91/3, Indiana DOT, Indianapolis, IN,
1991, pp. 111.

American Coal Ash Association, “CCPs Survey,” Aurora, CO 80014, 2001.
American Coa Ash Association, “Fly Ash Facts for Highway Engineers,”
Alexandria, Virginia, 1995.

American Engineering Testing, Inc., “Coa ash utilization: a summary of current
practices and economic, environmental and energy impacts,” A Technical Report to
Northern States Power Company, Minneapolis, MN, 1992.

American Foundrymen's Society, Inc., “Alternate utilization of foundry waste
sand,” A report to Illinois Department of Commerce and Community Affairs, Des
Plaines, IL, 1991, pp. 97.

American Society for Testing and Materials (ASTM), “Standard Performance
Specification for Hydraulic Cement,” ASTM C 1157, Annua Book of ASTM
Standards, Section 4, Construction, Vol. 04.01, 1999, pp. 498 - 502.

ASTM, “Standard specification for coal ash and raw or calcined natural pozzolan
for use as a mineral admixture in portland concrete,” ASTM C 618, Annua Book
of ASTM Standards, Section 4, construction, 04.02, Concrete and Aggregates,
1995, Philadel phia, Pennsylvania, pp. 304 - 306.

ASTM. Annua Book of ASTM Standards. Section 4, Construction, Vol. 04.01,
Cement, Lime, Gypsum; American Society for Testing and Materials, Philadel phia,
Pennsylvania, 1999.

ASTM, “Annual Book of ASTM Standards,” Section 4, Construction, Vol. 04.02,
Concrete and Aggregates, American Society for Testing and Materials,
Philadelphia, Pennsylvania, 1999.

Baeyens, J. and Puyvelde, F. V., 1994, “Fluidized bed incineration of sewer sludge:
a strategy for the design of the incineration and the future of the incineration,”
Journal of Hazardous Materials, V. 73, No.1, pp. 179 - 190.

Baker M., Jr., Inc., 1984, “Coal Combustion By-Product Utilization Manual,” EPRI
Report No. CS-3122, V. 1, Palo Alto, CA.

Baker Rubber, Inc., “Production of crumb rubber modifier (CRM) materia,”



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Proceedings of the Crumb Rubber Modifier Workshop, Merriville, IN, 1993.

Basu, Prabir and Fraser, Scott A., “Circulating Fluidized Bed Boilers - Design and
Operations,” Butterworth-Heinemann, Stoneham, MA, 1991.

Baumgardner, R. H., “Overview of Permeable Bases,” Materials Performance and
Prevention of Deficiencies and Failures, Materials Engineering Congress, ASCE,
New York, 1992, pp. 275 - 287.

Bery, E. E., Hemmings, R. T., Langley, W. S., and Carette, G. G., “Beneficiated
Fly Ash: Hydration, Microstructure, and Strength Development in Portland Cement
Systems’. Proceedings of the Third International Conference on the Use of Fly
Ash, Silica Fume, Slag, and Natural Pozzolars in Concrete, Trondheim, Norway,
V.M. Mahotra, Ed., ACI Special Publication SP-114, V. 1, 1989, pp. 241 - 273.
Bloomquist, D., Diamond, G., Oden, M., Ruth, B., and Tia, M., “Engineering and
environmental aspects of recycled materials for highway construction” Report No.
FHWA-RD- 088, 1993, pp. 212.

Boyle, W. C., Ham R. K., Pastene, J., and Stanforth, R., “L eachate tests on selected
foundry cupola dusts and sludges,” AFS Transactions, 1981, pp. 767 - 786.

Brown, D., 1996, “Highway Drainage Systems,” Roads and Bridges February, pp.
34,40 - 41.

Campbdll, A. G., “Wood ash disposal and recycling source book,” TAAPI Journal,
1990, pp. 141 - 145.

Canadian Portland Cement Association, “Unshrinkable Fill for Utility Trenches in
Streets,” Concrete Information CPOO4.02P, 1990.

Cedergren, H. R., “Americas Pavement: World's Longest Bathtubs,” Civil
Engineering, American Society of Civil Engineers, New York, NY, 1994, pp. 56 -
58.

Ciesesi, S. K., and Coallins, R. J., “Current nationwide status of the use of waste
materials in hot mix asphaltic mixtures and pavement,” Use of Waste Materias in
Hot-Mix Asphalt, ASTM STP 1193, H.F. Wadller, Ed., ASTM, Philadelphia, PA,
1993, pp. 17 - 36.

26. Clarke, L. B., “Utilization Options for Coa Use Residues. An International

27.

28.

29.

Overview,” Proceedings of the Tenth International Ash Use Symposium, ACAA,
Orlando, Florida, EPRI Report No. TR-101774, Palo Alto, CA, V. 2, 1993, pp. 66 -
11066 - 14.

Clarke, L. B., Smith, I. M., “Management of Residues from FBC and IGCC Power
Generation: An International Overview,” Proceedings of the Ninth International
Ash Use Symposium, ACAA, EPRI Report No. GS-7162, Palo Alto, CA, V. 3,
1991, pp. 70- 1to 70 - 15.

Callins, R. J,, and Ciesielski, C. K, “Recycling and use of waste products and by-
products in highway construction,” Synthesis of Highway Practice, Transportation
Research Board, National Research Council, National Academy Press, Washington,
D. C., 1994.

Courts, G. D., “The aggregate of the future is here today,” Proceedings of the Ninth
International Ash Use Symposium, ACAA, EPRI Report No. GS-7162, Palo Alto,
CA, 1991, pp. 21-1-21- 10.



30.

31

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Crovetti, J. A., and Dempsey, B. J., “Hydraulic Requirements of Permeable Bases,”
Transportation Record No. 1425, TRB, Nationa Research Council, Washington
D.C., 1993, pp. 28 - 36.

Dawson, G., Perri, J. S, and Daley, J. R., “Utilization Potential of Advanced SO,-
Control By-Products,” Electric Power Research Institute, CS-5269, Palo Alto, CA.,
1987.

Domann, R., “Beneficia utilization of used foundry sand in portland cement,” M.
S. Thesis, Under Supervison of Tarun R. Nak, University of Wisconsin
Milwaukee, 1997, p. 123 pages.

Edey, D. C. and Winter, W. P., “Introduction to Foundry Technology,” McGraw-
Hill Book Company, New York, NY, 1958, pp. 253.

Eldin, N. N., and Ahmed, B. S., 1992, “Engineering properties of rubberized
concrete,” Canadian Journal of Civil Engineering, No. 19, pp. 912 - 923.

Emery, J, and MacKay, “Uses of Wastes and by-Products as Pavements
Construction Materials,” Transportation Association of Canada, Annual
Conference, 1991.

Etiégni, and Campbell, A. G., “Physical and chemical characteristics of wood ash,”
Bioresource Technology: Biomass, Bioenergy, Biowastes, Conversion
Technologies, Biotransformations, Production Technologies, Elsevier Science
Publishers Ltd, England, No. 37, 1991, pp. 173 - 178.

Eykholt, G. R., “Use of glass aggregate as lechate drainage media,” A technical
report (REPORT 133-069524) prepared for Wisconsin Recycling Market
Development Board and University of Wisconsin System, Solid Water Experiment
Center Program, 1996, pp. 11.

Fehrs, J. E., “Ash from the combustion of treated wood: characterization and
management options,” Presented at the National Bioash Utilization Conference,
Portland, ME, 1996, pp. 20.

Forsyth, R. A., Wédls, G. K., and Woodstrom, J. H., “The Road to Drained
Pavements,” Civil Engineering, 1989, pp. 66 - 69.

Forsythe, R. C., and Balli, R. E., 1990, “Ohio Edison Company's Clean Coal
Technology and Waste Utilization Program,” Proceedings of the EPRI-EPA 1990
SO, Control Symposium, Session 3B: By-Products Utilization, Vol. 1.

Glass Packaging Ingtitute (GPI), “GPl Web Page (http://www.gpi.org),”
Washington, D. C., 1996.

Green Grove Corporation (GGC), “Sludge and ash utilization: Some design and
experimental experience,” Proceedings on the Utilization of Industrial Sludges, and
Ashes |11, Sponsored by Natural and Applied Sciences, University of Wisconsin-
Green Bay, October, 1995, pp. 83- 89.

Greene, T. W., “Wood ash disposa and recycling source book,” Prepared for the
Codlition of Northeast Governors by OMNI environmental Sources, Beaverton,
Oregon, 1988.

Greer, B. A., Vandracek, J. E.,, Ham, R. K., and Oman, D. E., “The nature and
characteristics of foundry waste and its constructive use: a review of literature and
current practice,” A report submitted to United Foundrymen of Wisconsin,
University of Wisconsin - Madison, 1989, pp. 103.

10



45.

46.

47.

48.

49.

50.

51

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

Grogan, W. B., “User’s Guide: Subsurface Drainage for Military Pavements,” A
Final Technica Report submitted to US Army Corps of Engineers, USAE
Waterway Experiment Station, Vicksburg, MS, 1992, pp. 1 - 23A.

Hall, M. J.,, “Cement Stabilized Permeable Bases Drain Water, Add Life to
Pavements,” Roads and Bridges, 1994, pp. 32 —33.

Hall, M., “Cement Stabilized Open Graded Base: Strength, Testing, and Field
Performance vs. Cement Content,” Wisconsin Concrete Pavement Association.
1990.

Ham, R. K., Boyle, W. C., Engroff, E. C., and Fero, R. L., “Organic compounds in
ferrous foundry process. waste leachates” ASCE Journal of Environmental
Engineering, ASCE, No. 119, 1993, pp. 34 - 55.

Ham, R. K., Boyle, W. C., Pastene, J., and Stanforth, R., “Leachate tests on selected
foundry cupola dusts and sludges,” AFS Transactions, 1981, pp. 81-149, 767-786.
Hay, P. D., and Dunstan, E. R., “Lightweight aggregate production and use in
Florida,” Proceedings of the Ninth International Ash Use Symposium, ACAA,
EPRI Report No. GS-7162, Palo Alto, CA, No.1, 1991, pp. 22-1 - 22-10.
Hemmings, R., and Berry, E., “Evauation of plastic filler applications for |eached
Fly ash,” EPRI Report No. CS-4765, Palo Alto, CA., 1986.

Henzel, D. S, “Commercial Utilization of SO, Removal Wastes in the Application
of New Advanced Control Technology,” Proceedings of the EPRI-EPA 1990 SO,
Control Symposium, Session 3B: By-Products Utilization, Vol. 1, 1990.

Huges, C. S, “Fina report - feasibility of using recycled glass in asphalt,” A final
technical report, No. VTRC 90-R3, Virginia Transportation Research Council,
Charlottesville, VA, 1990, pp. 24.

ICF Northwest, “Advanced SO, Control By-Products Utilization: Laboratory
Evauation,” EPRI Report No. CS-6044, 1988.

ICF Technology, Incorporated, “Laboratory Characterization of Advanced SO-
Control By-Products: Spray Dryer Wastes,” EPRI Report No. CS-5782, 1988.
Jones, M., “The use of steel slags in road construction,” Proceedings of Waste Not -
Want Not: Minimization of Re-use of Foundry Wastes, October 30, Birmingham,
England, 1996, pp. 9:1 - 9:16.

Kim, K. W., Lee, B. H., Park, J. S., and Doh, Y. S,, “Performance of crushed waste
concrete as aggregate in structural concrete,” Proceedings of Utilization of the
Waste Materials in Civil Engineering Construction, ASCE, H. I. Inyang and K. L.
Bergson, Eds., New York, NY, 1992, pp. 332 - 343.

Kirk, R. E., and Othmer, D. F., Eds., “Encyclopedia of Chemica Technology,”
3rd. Ed., John Wiley and Sons, New York, NY, 1978, pp. 680 - 727.

Kosmatka, S. H., and Panarese, W. C., “Design and Control of Concrete Mixtures,”
Portland Cement Association, Skokie, IL, Thirteenth Edition, 1988, pp. 192, 194-
195.

Kozeliski, F. A., “OpenGraded Base as a Parking Lot Pavement,” Presented at the
ACI 1996 Spring Convention, Denver, Colorado, 1996, pp. 14.

Kozeliski, F. A., “Permeable Bases Help Solve Pavement Drainage Problems,”
Concrete Construction, 1992, pp. 660 - 662.

Kuennen, T., “OpenGraded Drain Layer Underlies Thick PCC,” Roads and
Bridges, 1993, pp. 28 - 29.

11



63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76

77.

78.

Little, D. N., “Enhancement of asphalt concrete mixtures to meet structural
requirements through the addition of recycled polyethylene,” Use of Waste
Materials in Hot-Mix Asphat, ASTM STP 1193, H.F. Waker Ed., ASTM,
Philadelphia, PA, 1993, pp. 210 - 230.

Mabin, S. M., “Recycled concrete aggregate - New York State's experience,”
Symposium Proceeding of the Recovery and Effective Reuse of Discarded
Materials and By-Products for Construction of Highway Facilities, Denver, CO,
1993, pp. 2-1-2- 26.

MacRunnels, Z., “Foundry sand uses in clay ceramics,” Proceedings of the
International Sand “Reduce, Reuse, Reclaim” Conference, American Foundrymen's
Society, Inc., Des Plaines, IL, October 14 - 18, 1994, pp. 251 - 258.

Malhotra, V. M., “No-Fines Concrete - Its Properties and Applications,” Journal of
the American Concrete Institute, American Concrete Institue, 1976.

Malhotra, V. M., “CANMET Investigations Dealing With High-Volume Fly Ash
Concrete,” Advances in Concrete Technology, ed., V.M. Mahotra, CANMET,
Ottawa, Ontario, Canada, 1994, pp. 445 - 482.

Marks, V.J., “Recycled portland cement concrete pavement in lowa - Final Report,”
Project No. HR-506, lowa DOT, 1984, pp. 24.

Mathis, D. M., “Design and Construction of Permeable Base Pavement,” FHWA,
U.S. Department of Transportation, 1989.

Mathis, D. M., “Permeable Base Design and Construction,” Proceedings of the
Fourth International Conference on Concrete Pavement Design and Rehabilitation,
Purdue University, 1989, pp. 663 - 669.

McBarron, M., “Beneficia re-use of foundry wastes,” Environmental Services
Department of the Castings Development Center, England, UK, 1996, 13 pages.
MCPA, “Waste tires in sub-grade road beds - A report on the environmenta study
of the use of shredded tires for roadway subgrade report,” A Technical Report,
Minnesota Pollution Control Agency, St. Paul, MN, 1990, pp. 34.

Mehta, P. K, and Montero, P. J. M., “Concrete structure: properties and materials,”
Prentice-Hall, Inc., New Jersey, Second Edition, 1990, pp. 548.

Meininger, R. C., “No-fines Pervious Concrete for Paving,” Concrete International,
10, No. 8, 1988, pp. 20 - 7.

Meyer, C., Baxter, S., and Jin, W., 1996, “Alkali-silica reaction in concrete with
waste glass as aggregate,” Proceedings of the Fourth Material Engineering
Conference, ASCE, Washington D. C., pp. 1388 - 1397.

. Michaud, D. T., “Fly Ash Block - Artificial Reef Project, Phase II: Final Report,”

Preliminary Cost Assessment, Wisconsin Electric Power Company, Milwaukee,
WI, (Nak, T. R., contributed work for strength and durability study for fly ash
concrete masonry blocks, 1982 - 17986), 1986.

Miller, R. H., and Callins, R. J., “Waste materials as potential replacements for
highway aggregates,” NCHRP Report No. 166, TRB, NRC, Washington D. C.,
1976, pp. 94 .

Misra, M. K., Ragland, K. W., and Baker, A. J., “Wood ash composition as a
function of furnace temperature,” Biomass & Bioenergy, V. 4, No. 2, 1992, pp.
103 - 116.

12



79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Moynahan, Jr., T. J., and Steinberg, Y. M., 1974, “Effects on highway Subdrainage
of Gradation and Direction of Flow Within a Densely Graded Base Course
Material,” Transportation Research Record No. 497, TRB, Nationa Research
Council, Washington D. C., pp. 50 - 59.

Mulder, E., 1996, “Pretreatment of MSWI fly ash for useful application,” Waste
Management, V. 16, No. 1 - 3, 181 - 184.

Munn, W. D., “Behind the Shift to Permeable Bases,” Highway and Heavy
Construction, 1990, pp. 38 - 41.

Murarka, 1. P., “Solid waste disposal and reuse in the United States,” CRC Press,
Inc., Boca Raton, FL, 1987, pp. 1, 187.

Murphy, K. H., West, R. C., and G. C., “Evaluation of crushed glass in asphalt
paving mixtures,” Research Report FL/DOT/SMO/91-388, State of Florida
Department of Transportation, State Materials Office, Gainesville, FL, 1991, pp.
15.

Nak, T. R. and Kraus, R. N., “Low-Cost High-Performance Materials Using
[llinois- Coal Combustion By-Products. Report CBU-2000-35, UWM Center for
By-Products Utilization, University of Wisconsin-Milwaukee, Final Report to
submitted to Illinois Clean Codl Institute, Carterville, IL, 2000, pp. 32.

Naik, T. R. and Kraus, R. N., “Low-Cost, High-Performance Materials Using
[llinois Coal-Combustion By-Products’; Report No. CBU-2000-35, UWM Center
for By-Products Utilization, University of Wisconsin-Milwaukee, Milwaukee,
2000, p. 29 pages.

Naik, T. R. and Ramme, B. R., “Roller-Compacted No-fines Concrete Containing
Fly Ash for Road Base Course” Proceedings of the Third CANMET/ACI
International Symposium on Advances in Concrete Technology, Supplementary
Papers, New Zealand, August 25 - 27, 1997, pp. 201 - 220.

Naik, T. R. and Ramme, B. W., “High Early Strength Fly Ash Concrete for
Precast/Prestressed Products’; PCI Journal, Vol. 35, No. 6, 1990, pp. 72 - 78.
Nak, T. R. and Singh, S. S., “Effects of Temperature and Type F Fly Ash on
Compressive Strength and Abrasion Resistance of Concrete”; Proceedings of the
Second CANMET/ACI International Conference on Durability of Concrete,
Montreal, Canada, 1991, pp. 683 - 708. (Ed. V. M. Malhotra)

Naik, T. R. and Singh, S. S, “Fly Ash Generation and Utilization - An Overview”;
Published in the book titled “Recent Trend in Fly Ash Utilization,” Ministry of
Environment and Forests Management, Government of India, 1993, pp. 1-25. (Ed.
R. K. Suri and A. B. Harapanahali).

Naik, T. R. and Singh, S. S., 1991, “Superplasticized Structural Concrete
Containing High Volumes of Class C Fly Ash,” ASCE Journal of Energy
Engineering Division, V. 117, No. 2, pp. 87 - 95.

Nak, T. R. and Singh, S. S., “Use of High-Cacium Fly Ash in Cement-Based
Construction Materias,” Supplementary Proceedings, Fifth CANMET/ACI
International Conference on Fly Ash, Silica Fume, Slag, and Natural Pozzolans in
Concrete, Milwaukee, Wisconsin, V. M. Malhotra, Ed., 1995, pp. 1 - 45.

Naik, T. R., “Temperature Effects on (Illinois Coal) Fly Ash Concrete,” M. S.
thesis, University of Wisconsin-Madison, 1963.

Naik, T R., “Foundry industry by-products utilization,” Rep. No. CBU-1989-01,

13



94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

Center for By-Products Utilization, University of Wisconsin-Milwaukee, pp. 23.
Nak, T. R., and Ramme, B. W., 1990, “High early strength fly ash concrete for
precast/prestressed products,” PCI Journal, 1989a, pp. 72 —7 8.

Naik, T. R.,, and Ramme, B. W., and Kolbeck, H. J.,, 1990, “Filling abandon
underground facilities with CLSM dlurry,” ACI Concrete International, V. 12, No.
7,pp. 1-7.

Nak, T. R, and Singh, S. S., “Effects of scrap rubber on properties of hot-mix
asphaltic concrete - A laboratory investigation,” A Technical Report submitted to
Wisconsin DNR, Center for by-Products Utilization, University of Wisconsin-
Milwaukee, 1-1 - A-50, 1994b.

Naik, T. R., and Singh, S. S, “Development of manufacturing technology for
flowable durry containing foundry sand and fly ash,” Tech. Rep. prepared for UWS
solid Waste Research Council, Citr. for by-Products Utilization, University of
Wisconsin-Milwaukee, 1-1-7-3. 1994c.

Naik, T. R.,, and Singh, S. S,, “Use of high-calcium cement-based construction
materials,” Proceedings of the fifth CANMET/ACI International conference on Fly
Ash, Silica fume, slag and Natural Pozzolans in Concrete, Milwaukee, 1995, pp. 1
- 44,

Nak, T. R, and Singh, S. S., “Flowable slurry containing foundry sands,” Journal
of Materialsin Civil Engineering, V. 9, No. 2, 19973, pp. 93 - 102.

Nak, T. R, and Singh, S. S., “Effects of Temperature and Type F Fly Ash on
Compressive Strength and Abrasion Resistance of Concrete,” Proceeding of the
Second CANMET/ACI International Conference on Durability of Concrete, V. M.
Malhotra, Editor, Montreal, Canada, 1991.

Nak, T. R., and Singh, S. S., “Fly Ash Generation and Utilization - An Overview,”
Published in the book titled “Recent Trend in Fly Ash Utilization,” Ministry of
Environment and Forests Management, Government of India, 1993.

Nak, T. R., and Singh, S. S., “Superplasticized Structural Concrete Containing
High Volumes of Class C Fly Ash,” ASCE Journal of Energy Engineering
Divison, V. 117, No. 2, 1991, pp. 87 - 95.

Nak, T. R., and Singh, S. S,, “Fly Ash Generation and Utilization — An Overview,”
Recent Trends in Fly Ash Utilization, R.K. Suri and A.B. Harapanahalli, editors,
Society of Forest & Environmental Managers (SOFEM), New Delhi, India, 1998.
Nak, T. R., Banerjeg, D. D., Kraus, R. K., and Singh, S. S, “Use of Class F Fly
Ash and Clean Coa Ash Blends for Cast-Concrete Products,” Proceedings of the
Twelfth ACAA International Symposium, Orlando, Florida, January 26-30, 1997.
Nak, T. R., Banerjeg, D. D., Kraus, R. N., and Singh, S. S., “Characterization and
Application of Class F Fly Ash and Clean-Coa Ash for Cement-Based Materials.
Proceedings, Twelfth ACAA International Symposium, Orlando, Florida, Editors:
Tyson, S. S., Stewart, B. R., and Deinhart, G. J,, Jan. 26 — 30, 1997, pp. 26 - 1to
26 - 28,

Nak, T. R., Banerjee, D. D., Kraus, R. N., Singh, S. S,, “Characterization and
Application of Class F Fly Ash and Clean Coa Ash for Cement-Based Materials,”
Proceedings of the Twelfth ACAA International Symposium, Orlando, Florida,
January 26-30, 1997.

Nak, T. R., Kolbeck, H. J.,, Singh, S. S., and Kraus, R. N., “Low-Cost High

14



108.

109.

110.

111

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Performance Materials Using Illinois Coal Combustion By-Products - Phase I1,” A
Fina Report to lllinois Clean Coa Institute, Carterville, IL, 1997.

Nak, T. R., Kolbeck, H. J.,, Singh, S. S., and Kraus, R. N., “Low-Cost High
Performance Materials Using Illinois Coal Combustion By-Products - Phase 117;
Report, CBU-1997-12, UWM Center for By-Products Utilization, University of
Wisconsin-Milwaukee, October 1997, pp. 30.

Naik, T. R., Kolbeck, H. J., Singh, S. S., and Wendorf, R. B., 1995, “Low-Cost
High-Performance Materials Using lllinois Coa Combustion By-Products - Phase
I,” A Fina Report to Illinois Clean Coal Ingtitute, Carterville, IL.

Nak, T. R., Kolbeck, H. J.,, Singh, S. S., and Wendorf, R. B., “LowCost High
Performance Materials Using Illinois-Coal Combustion By-Products. Report CBU-
1995-15, UWM Center for By-Products Utilization, University of Wisconsin-
Milwaukee, Final Report submitted to Illinois Clean Coal Ingtitute, Carterville, IL,
1995, pp. 32.

Nak, T. R., Patel, V. M., and Hassaballah, A., “Clean-Coa By-Products Utilization
in Roadway, Embankments, and Backfills,” Report CBU-1991-18, UWM Center
for By-Products Utilization, University of Wisconsin-Milwaukee, 1991, pp. 35.
Nak, T. R., Patel, V. M., and Peiper, L. A., “Clean Coa By-Products Utilization in
Roadway, Embankments, and Backfills,” UWM Center for By-Products Utilization,
University of Wisconsin-Milwaukee, CBU Report No. 116, 1991.

Nak, T. R., Patel, V. M., and Peiper, L. A., “Clean Coa By-Products Utilization in
Roadway, Embankments, and Backfills,” Report, CBU-1991-18, UWM Center for
By-Products Utilization, University of Wisconsin-Milwaukee, 1991, pp. 35.

Nak, T. R.,, Ramme, B. W., and Tews, J. H., “Pavement Construction with High
Volume Class C and Class F Fly Ash Concrete,” ACI Materials Journal, V. 92, No.
2, 1995, pp. 200 - 210.

Nak, T. R., Ramme, B. W., and Tews, J. H., “Use of High Volumes of Class C and
Class F Fly Ash in Concrete,” Cement, Concrete and Aggregates, V. 16, No. 1,
1994, pp. 12 - 20.

Nak, T. R, Ramme, B. W., Kraus, R. N., and Siddique, R., “Long-Term
Performance of High-Volume Fly Ash Concrete Pavements,” ACI Materials
Journal, V. 100, No. 2, 2003, pp. 150 - 155.

Nak, T. R, Singh, S. S, and Hu, W. Y., “High-Volume Fly Ash Concrete
Technology,” EPRI Report No. TR-100473, 1992,

Nak, T. R, Singh, S. S, and Hu, W. Y., “High-Volume Fly Ash Concrete
Technology,” EPRI Report No. TR-100473, Electric Power Research Institute, Palo
Alto, Cdifornia, 1992.

Nak, T. R., Singh, S. S., and Kraus, R. N., “Low-Cost High-Performance Materias
Using lllinois-Coa Combustion By-Products,” Report CBU-1997-12, UWM
Center for By-Products Utilization, University of Wisconsin-Milwaukee, Final
Report submitted to Illinois Clean Coal Institute, Carterville, IL, 1997, pp. 30.
Nak, T. R., Singh, S. S., and Mohammad, M., “Properties of High-Performance
Concrete Incorporating Large Amounts of High-Lime Fly Ash. International
Journal of Construction and Building Materials, V. 9, 1996, No. 6, pp. 195 - 204.
Nak, T. R., Singh, S. S, Olson, Jr., W. A., and Beffel, J. C., “Temperature effects
on strength and durability of high-performance concrete,” Proceedings of the

15



122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

PCI/FHWA International Symposium on High Performance Concrete, New
Orleans, Louisiana, 1997d.

Nak, T. R., Sivasundaram, V., and Singh, S. S., “Use of High-Volume Class F Fly
Ash for Structural Grade Concrete,” Transportation Record No. 1301, TRB,
National Research Council, Washington D. C., 1991, pp. 40 - 47.

Nak, T. R, We, L., and Singh, S. S., “Low-cost ash-derived construction
materials. state-of-the-art assessment,” EPRI Report No. TR-100563, Palo Alto,
CA, 1992.

Naik, T. R, Singh, S. S,, and Brodersen, B. S., “Construction materials containing
polymeric substances and used plastics,” A CBU Technical Report, Center for By-
Products Utilization, University of Wisconsin-Milwaukee, U.S.A., 1994a.

Nak, T. R., “Paper industry by-products utilization,” Report No. CBU-1989-02,
Center for By-Products Utilization, Department of Civil Engineering and
Mechanics, The University of Wisconsin-Milwaukee, 1989b, pp. 25.

Nak, T. R., and Patel, V. M., “Utilization of used foundry sand: Current state of
the knowledge,” Center for By-Products Utilization, UW-Milwaukee, 1992, pp. 81.
Nak, T. R, and Singh, S. S. “Use of High-Cacium Fly Ash in Cement-Based
Construction Materias,” Proceedings of the Fifth CANMET/ACI International
Conference on Fly Ash, Silica Fume, Slag, and Natura Pozzolans in Concrete,
Milwaukee, Wisconsin, 1995.

Nak, T. R., and Singh, S. S,, “Permeability of flowable durry materials containing
foundry sand and fly ash,” Journal of Geotechnical and Geoenvironmental
Engineering, ASCE, V. 123, No. 5, 1997f, pp. 446 - 452.

Nak, T. R., Ramme, B. W., and Tews, J. H., “Use of High Volumes of Class C and
Class F Fly Ash in Concrete,” ASTM Cement, Concrete and Aggregates, V. 16, No.
1, 1994, pp. 12 - 20.

Nak, T. R.,, Ramme, B. W. and Tews, J. H. “Pavement Construction With High
Volume Class C and Class F Fly Ash,” ACI Materials Journal, V. 92, No.2, 1995,
pp. 200 - 210.

Nak, T. R., Banerjee, D. O., Kraus, R., Singh, S. S., and Ramme, B. W.,
“Characterization and application of Class F fly ash coal and cleanrcoa ash for
cement-based materials,” Proceedings of the Twelfth International Symposium on
Management of Use of Coal Combustion by-Products (CCBS), V. 1, 1997c.

Naik, T. R., Kolbeck, H J.,, Singh, S. S. and Wendorf, R. B., “LowCost, High-
Performance Materials Using lllinois Coa Combustion By-Products,” A Final
Technical Report to ICCI, ICCl Project No. 94-1/3.1A-8, lllinois Clean Coal
Ingtitute, Carterville, Illinois, 1995.

Nak, T. R, Kraus, R. N., Sturzl, R. F., and Ramme, B. W., “Design and testing of
controlled low-strength materials (CLSM) using clean coal ash,” To be published in
ASTM STP 1331, A.K. Howard and J.L. Hitch, Eds. 1997b.

Nak, T. R., Patel, V. M., Parikh, D. M., ard Tharaniyil, M. P., “Utilization of
foundry sand in concrete,” Journal of Materials in Civil Engineering, ASCE, V. 6,
No. 2, 1994d, pp. 254 - 263.

Nak, T. R., Singh, S. S, and Kraus, R. N., “Additional Test Data for ICCI Project
# 96-1/3.1A-6, Low-Cost, High-Performance Materials Using Illinois Coal

16



136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

Combustion By-Products,” A Report to ICCI, ICCI Project No. 94-1/3.1A-8, UWM
Center for By-Products Utilization, REP - 324, Milwaukee, Wisconsin, 1997.

Nak, T. R, Singh, S. S, and Hu, W. Y., “High-Volume Fly Ash Concrete
Technology,” EPRI Report No. TR-100473, Electric Power Research Institute, Palo
Alto, Cdlifornia, 1992.

Nak, T. R, Singh, S. S,, Adebayo, O. B., and Ramme, B. W., “Environmental
impact assessment of controlled low-strength materials incorporating fly ash and
foundry sand,” CBU Report No. REP-302, Center for By-Products Utilization,
University of Wisconsin - Milwaukee, U.S.A., 1997e.

Nak, T. R, Singh, S. S, and Hossain, M. M., “Permeability of Concrete
Incorporating Large Quantities of Fly Ash,” A final Technical Report for Submittal
to EPRI, Palo Alto, California, 1993.

Nak, T. R., Singh, S. S., and Hossain, M. M., “Properties of High-Performance
Concrete Systems Incorporating Large Amounts of High-Lime Fly Ash”
International Journal of Construction and Building Materials England, V. 9, No.
4, 1995, pp. 195 - 204.

Nak, T. R, Singh, S. S., and Wendorf, R. B., “Application of scrap tire rubber in
asphaltic materials. State of the art assessment,” A Technical Report, Submitted to
Wisconsin DNR, Center for By-Products Utilization, University of Wisconsin-
Milwaukee, March, 1994e, pp. 42.

Naik, T. R., Singh, S. S., Huber, C. O., and Broderson, B. S., “Use of post-
consumer waste plastic in cement-based composites,” International Journal of
Cement and Concrete Research, V. 26, No. 10, 1996a, pp.1482 - 1489.

Nak, T. R., Singh, S. S., Kraus, R. N., and Hossain, M. M., “Deicing Salt Scaling
Resistance of High-Volume Fly Ash Concrete Using Various Sources of Fly Ash,”
In Proceedings of the Workshop on Flowable Slurry Containing Fly Ash and Other
Mineral By-Products and Special Session on Coa Ash Research in Progress, Fifth
CANMET/ACI International Conference on Fly Ash, Silica Fume, Slag and Natural
Pozzolans in Concrete, Milwaukee, WI, USA, 1995.

Nak, T. R., Singh, S. S,, Tharaniyil, M. P., and Wendorf, R. B., “Application of
foundry by-product materials in manufacture of concrete and masonry products,”
ACl MateriasJournal, V. 93, No. 1, 1996b, pp. 41 - 50.

Nak, T. R., and Ramme, B. W, “Low Strength Concrete and Controlled Low
Strength Material (CLSM) Produced with High-Lime Fly Ash,” Proceedings of the
CANMET/EPRI International Conference on Fly Ash in Concrete, Alberta,
Canada, 1990.

Nak, T. R.,, Ramme, B. W., and Tews, J. H., “Use of high volumes of class C and
class F fly ash in concrete,” ASTM Cement, Concrete & Aggregates, V. 16, No. 1,
1994, pp. 12 - 20.

Nak, T. R., Ramme, B. W., and Kolbeck, H. J., “Controlled Low-Strength Material
(CLSM) Produced with High-Lime Fly Ash,” Proceedings of the International
Conference on the Utilization of Fly Ash and Other Coal Combustion By-Products,
Shanghai, China, 1991.

National Concrete Masonry Association (NCMA), “Concrete Masonry Standards,”
National Concrete Masonry Association, Herndon, Virginia, 1998.

17



148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

Neville, A. M., “Properties of Concrete,” Longman Group Limited, Harlow, Essex,
U.K., Fourth Edition, 1995, pp. 688, 711 - 713.

O'Connor, R. and Nechvatal, T., “Minergy's lightweight aggregate, glass aggregate,
and sand reclamation technologies,” Proceedings of the International Waste
Conference, Municipal and Industrial Waste, Madison, WI, V. 19, 1996, pp. 96 -
111.

Organization for Economic Co-operation and Development (OECD), “Road
research: use of waste material and by-products in road construction,” Paris,
France, September 1977, pp. 168.

Outwater, A. B., 1994, “Reuse of dudge and minor wastewater residuas,” Lewis
Publishers, Boca Raton, FL, pp. 179.

Paulsen, G., Stroup-Gardiner, M., and Epps, J., 1988, “Roofing waste in asphalt
paving mixtures,” Center for Construction Materials Research, Department of Civil
Engineering, University of Nevada, Reno, NV, pp. 44.

Pflughoeft-Hassett, D. F., Hasset, D., and Lillemoen, C. M., “Comparative leaching
of midwestern coa fly ash and cements,” Proceedings of the Tenth ACAA
International Ash Symposium, EPRI Report No. TR-101774, Palo Alto, CA, V. 1,
1993, pp. 30-1-20- 14.

Podolski, Walter F., “Fluidized Bed Combustion,” The Science and Technology of
Coa and Coa Utilization, Edited by Cooper, Bernard R., and Ellingson, William
A., Plenum Press, New York, NY, 1984.

“Porous Concrete Slabs and Pavement Drain Water,” Concrete Construction,
Concrete Construction Publications, Inc., Addison, Illinois, 1983, pp. 685, 687 -
688.

Pytlik, E. C., and Saxena, J., “Fly ash based autoclaved cellular concrete: The
building material of the 21st century,” Proceedings of the Ninth International Ash
Use Symposium, ACAA, EPRI Report No. GS-7162, Palo Alto, CA, V. 1, 1991,
pp. 25-1-25-12.

Quanttroni, G., Levita, G., and Maronetti, A., “Fly ashes as modifier for low-cost
polymeric materials,” Proceedings of the Tenth International Ash Use Symposium,
ACAA, EPRI Report No. TR-101774, Orlando, Florida, V. 2, 1993, pp. 75- 1—- 75
- 9.

Radian Canada Inc. and CANMET, “Investigation of High Volume Fly Ash
Concrete System,” EPRI Report for Project No. 3176-06, Electric Power Research
Institute, Palo Alto, California, 1993.

Radian Canada, Inc. and CANMET, “Investigation of High-Volume Fly Ash
Concrete Systems, “ EPRI Report No. TR-10315, 1993.

Ramme, Bruce W., Nak, Tarun R., and Kolbeck, Henry J., “Construction
Experience with CLSM Fly Ash Slurry for Underground Facilities,” Proceedings of
the Fifth CANMET/ACI International Conference on Fly Ash, Silica Fume, Slag,
and Natural Pozzolans in Concrete, Milwaukee, Wisconsin, 1995.

Rebeiz, K. S, Fowler, D. W., and Paul, D. R., “Recycling plastics in polymer
concrete for construction applications,” Journal of Materials in Civil Engineering,
ASCE, V. 5, No. 2, 1993, pp. 237 - 248.

Rebiez, K. S,, Fowler, D. W., and Paul, D. R., “Mechanical properties of polymer
concrete systems made with recycled plastic,” ACI Materials Journal, V. 91, No. 1,

18



163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

1994, pp. 40 - 45.

Rick, R. D., Hilton, R. G., and Smith, C. L., “Utilization of Flue Gas
Desulfurization Sludge,” Proceedings of the EPRI-EPA 1990 SO, Control
Symposium, Session 3B: By-Products Utilization, V. 1, 1990,

Rohatgi, P. K., 1994, “Low-cost, fly ash - contaning auminum-matrix
composites,” Journal of Materials Science, pp. 55 - 59.

Sayed, M. H., Manday, |. M., and Buali, A. R., “Use of sewer sludge in asphaltic
paving mixes in hot regions,” International Journal of Construction and Building
Materials, V. 9, No. 1, 1995, pp. 19 - 23.

Schrader, E. K., “Roller compacted concrete for dams. the state of the art,”
Advances in Concrete Technology, Second Edition, V. M. Malhotra, Ed., Ottawa,
Ontario, Canada, 1994, pp. 371 - 417.

Soroushian, P., Shah, Z., and Won, J. P., “Optimization of wastepaper fiber-cement
composites,” ACI Materials Journal, V. 92, No. 1, 1995, pp. 82 - 92.

Springer, A. M., Rose, M., and Ryu, R., “Eco blocks: nontraditional use for mixed
wastepaper,” Journal of Environmental Engineering, ASCE, V. 122, No. 5, 1996,
pp. 437 - 444.

Stronm, W. E., Nettles, E. M., and Cahoun, J., C. C., “Study of Drainage
Characteristics of Base Course Materials,” Highway Research Record 203, HRB,
National Research Council, Washington D. C., 1967, pp. 8 - 28.

Summers, K. V., Rupp, G. L., and Gherini, S. A., “Physica-chemical
characteristics of utility solid waste,” EPRI Report No. EA-3236, 1983, Palo Alto,
CA.

Tay, J. H. and Show, K. Y., “Utilization of municipal wastewater sudge as building
and construction materias,” Resources, Conservation and Recycling, Elsevier
Science Publishers B. V., V. 6, No. 3, 1992, pp. 191 - 204.

Tia, M., “Overview of recycling of asphalt pavement at least 80% recycled asphalt
pavement,” Symposium Proceedings of the Recovery and Effective Reuse of
Discarded materials and By-Products for Construction of Highway Facilities,
Denver, CO, 1993, pp. 2- 117-2- 121.

Tung, Shao-E, and Williams, Glen C., 1987, “Atmospheric Fluidized Bed
Combustion - A Technica Source Book, The Massachusetts Institute of
Technology, Cambridge, MA.

Webster, C. W., Donnélly, J. R., and Buschmann, J. C., “Disposal Properties of Dry
Scrubber Residue,” Proceedings of the 42nd Annual Meeting International Water
Conference, Pittsburgh, PA., 1981.

Wsei, L., and Nak, T. R., “Utilization of Coal Combustion By-Products for
Masonry Construction,” EPRI Report No. TR-100707, Electric Power Research
Institute, Palo Alto, California, 1992.

Y erushami, J., “An Overview of Commercial Circulating Fluidized Bed Boilers,”
Circulating Fluidized Bed Technology, Edited by Basu, Prabir, Pergamon Press,
Ontario, Canada, 1986.

Zhou, H., Moore, L., Huddleston, J., and Grower, Jr., “Determination of Free-
Draining Base Material Properties,” Transportation Research Record No. 1425,
TRB, National Research Council, 1993, pp. 55 - 63.

19



