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FOREWORD 

This report contains information on the composition and characteristics 
of basic types of incinerator residue and a classification system for 
such residues. It discusses the use of unfused incinerator residues in 
structural fill, stabilized base, and bituminous paving applications, 
and includes recommendations for materials handling and preparation, 
laboratory testing procedures, engineering properties and design and 
construction procedures for these applications. Also contained in this 
manual are laboratory test procedures for determining the loss on ignition 
and the physical composition of incinerator residue samples. A summary 
of favorable and unfavorabl~ situations for the utilization of unfused 
incinerator residue in highway or street construction is presented. 

Sufficient copies of the report are being distributed to provide a 
minimum of one copy to each regional office. one copy to each division 
office and two copies to each State highway agency. Direct distribution 
~s being 'made to the bivision offices. 

NOTICE 

~_~d,LlI~ 
Charles F. Sche~~y 

This document is disseminated under the sponsorship of the Department 
of Transportation in the interest of information exchange. TheUnited 
States Government assumes no 1 i abil ity for its contents' or use thereof. 

The contents of this report reflect the views of the authors who are 
responsible for the fa~ts and the accuracy of the data presented herein. 
The contents do not necessarily reflect the offical views or policy of 
the Department of Transportation. This report does not constitute a 
standard, specification, or regulation. 

The United States Government does not endorse products or manufacturers. 
Trade or manufacturers' name appear herein only because they are 
considered essential to the object of this document. 
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PREFACE 

The guidelines set forth in this manual have been prepared 
on the basis, of. the findings o,f the research work performed on 
FHWA contract DOT-FH-11-8540, entitled "Technology for Use of 
Incinerator Residue as Highway Material." They have also been 
strongly influenced by work done by others. There are numer
ous footnotes contained herein referencing these works. Thus, 
these guidelines represent the authors best recommendations in 
keeping with the current state-of-the-art for the highway use 
of incinerator residue. 

It is hoped that these guidelines will be followed in the 
further development of experimental roadway sections and in 
the construction of controlled fills. Users should be cau
tioned that the magnitude of documented use of incinerator resi
due is not nearly as great as that normally required for full 
accep.tance of a highway construction material. 

vii 
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I. I NTRODUCT ION) 

The United States is faced with a problem of handling 
enormous volumes of solid wastes. Approximately ,200 million 
tons of municipal solid waste are being generated in this 
country each year (1). The annual cost of collecting and 
disposing of municipal refuse is estimated to be in excess 
of $6 billion. with solid waste production increasing at 
an annual rate of 4 to 6 percent, the costs of solid waste 
management are expected to soar to more than $9 billion by 
1980 (2). 

Incineration is one of the principal methods used for 
the disposal of solid waste. Its main advantages are that 
it reduces the volume of incoming solid waste by 80 to 90 
percent while practically eliminating the odor, vermin, 
and fire threat normally associated with municipal refuse. 
However, the incineration of refuse produces a residue which 
represents approximately 20 to 30 percent by'weight of the 
refuse. These residues, whichare'a'wet mixture of metals, 
glass, ash, and other components, must still be disposed of 
py landfilling in an environmentally acceptable manner. 

The practice of incineration was introduced in this 
country before the turn of the century. The most signifi
cant upsurge in the construction of incinerator plants occur
red following World War II~ Most of the plants constructed 
during the late 1940's and early 1950's were small; batch 
operated units designed only to serve the local areas in 
which they were located. In time, population growth, urban 
sprawl, and the necessity for installing expensiv~ air and 
water pollution control systems combined to render many of 
these plants functionally obsolete. 

Since the early to mid 1960's, the trend has been to 
replace older plants with much larger, more ce~trally located 

(1) Kenahan, C. B., Sutt~van, P. M., Ruppe~t, J. A., and 
Spano, E. F., "Compo.6 Lt~o n and Cha~ac.te~~.6t~c..6 0 6 Mun~c.~
pat Inc.lne~ato~ Re.6ldueh", u.s. Vepa.~tment 06 Inte~~o~, 
Bu~eau 06 Mlneh, Repo~t 0'6 Inve.6t~gat.i.onhNo. 7204, 
Wa.6h.i.ngton., V. C.,' Vec.embe~, 1968, 20 p. 

(2) Mac.Von.atd, JO.6eph A., "w~tt Sot~d Wahteh BU~lj U.6?", 
En.gln.ee~in.g New.6-Rec.o~d. ~~ob.i.ng the Futu~e. Ap~~t 30, 
1974, pp. 251~270. 
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incinerators. In recent years concern over diminishing sup
plies of energy has resulted in the design of solid waste 
reduction facilities with energy recovery capabilities. The 
obvious need to conserve natural resources is responsible 
for a growing movement to extract valuable mineral and cer
amic matter from municipal refuse and incinerator residue by 
means of resource recovery. 

Nevertheless, despite these advances in incineration 
technology, the basic problem of what. to do with the residue 
from incinerator plants still re~ai~s~ Unfoitunately, in 
many communities this problem is now assuming crisis pro
portions due to the lack of available landfill sites within 
a reason~ble hauling distance from incinerator plants. More
over, environmental agencies continue to impose stricter 
regulatiohs pertaining to the disposal of incinerator res
idue and other solid wastes, contributing to the spiraling 
cost of solid' waste management. 

~' -, 

One of the most logical solutions to this problem is 
to utilize these residues in some manner. Previous study (3), 
as well as practical experience,. has shown that municipal 
incinerator residues, when properly prep~red and handled, 
can be succ~ssfully used as·a constru~tipn m~terial, par
ticularly in highway and stre~t construdtion. 

The purpose· of this manual is to provide engineers, munic
ipal solid waste and street personnel~' contractors, and other 
potential users of incinerator residue with a practical refer
ence on the nature and properties of the material and recom
mended procedures for its use in various highway applications. 
Hopefully, the information provided herein will stimulate 
increased utilization of incinerator residue in situations 
where its use is economically justified. 

2. LOCATIONS AND SOURCES OF MUNICIPAL INCINERATOR RESIDUES 

Figure 1 i~ a map showing the locations of municipal in
cinerator plants which were open as 0f December, 1975. At 
that time there were a total of 141 operating plants, located 
in 24 states and the District of Cblumbia. The encircled 
figures on the map represent the total number of incinerator 
plants located in each state. It has been,estimated that 15 
to 20 million tons (13 .. 6 to 18.1 tonnes) of numicipal refuse are being 
incinerated annually, resulting in the generation of approximately 5 million 

(3) Walte.lL, C. EdwaILd; "PILac.tic.al Re.nu-6e. Re.c.yc.ling," JoulLnal 
06 EnviILonme.ntal Engine.e.ILing Vivi-6ion, Ame.ILic.an Soc.ie.ty 
06 Civil Engine.e.IL-6, Fe.bILuaILY, 1976, pp. 139-148. 
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tons (4.5-tonnes) per year of incinerator residue (4). 

The locations and capacities of operating municipal in
cinerator plants are summarized in Table 1. This table also 
lists the year in which the plant was constructed and the 
furnace operation and grate type employed in each plant. The 
i~formation in Table 1 is helpful in predicting the type of 
residue that ~ill result. 

Furnace operation is categorized according to method of 
feeding the refuse into the combustion chamber, either by 
continuous or batch feeding. Generally, most incinerator plants 
constructed priqr to 1960 are batch fed, while plants built 
after 1960 are mainly continuous fed (5). 

There are several different types of grates used in in
ciner~tor furnaces. These grates are classified according 
to mechanical type. In the United States the most widely 
used grate types are the traveling, reciprocating, rocking, 
and circular. The first three types are used to feed refuse 
through a rectangular furnace, while the circular grate is 
used to feed refuse through a cylindrical furnace. A rotary 
kiln furnace could also be considered as a type of grate, 
since the rotation of the inclined kiln causes the refuse to 
move in a slow, cascading ~orward motion (6). The basic 
types of grates used in municipal incineration are shown in 
Figure 2. 

Municipal solid waste is also subjected to volume reduction 
by means of pyrolysis. Pyrolysis isa process which chemical
ly decomposes organic substances by applying he~t at tempera-

(4) PiYldzoR..a, V., aYld CoR..R..iYl.6, R. J., "Tec.hYloR..ogy 60Jt U.6e on 
IYlc.ineJtatoJt Re.6idue a.6 Highway MateJtiaR..: Identi6ic.ation 
06 Inc.ineJtatoJt PJtac.tic.e.6 and Re.6idue SouJtc.e.6", U. S. Ve
paJttment 06 TJtan.6poJttatioYl, Fed-eJtaR.. Highway Admini.6tJta--:-
tion, RepoJtt No. FHWA-RV-75-81, Wa.6hiYlgton, V. C., July, 
1975, 77 p. : 

(5) AmeJtic.an PubR..ic. WOJtk.6 A.6.66c.iatioYl, "Munic.ipaR.. Re6u.6 e Vi.6-
pO.6aR..". ThiJtd Edition, CopyJtight by PubR..ic. Admini.6tJtation 
SeJtvic.e, Chic.ago, IR..R..inoi.6, 1970,538 p. 

(6) VeMaJtc.o, Jac.k; KeR..R..eJt, VanieR..; Leekman, JeJtoR..d; and Newto~, 
Jame.6 L., "Munic.ipaR..-Sc.aR..e Inc.ineJtatoJt 1)e.6ign and OpeJta
tion". U.S. VepaJttmeYlt 06 HeaR..th, Educ.ation, aYld WeR..naJte, 
BUJteau 06 SoR..id Wa.6te Management, 1969, 98 p. 
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Table 1. List of Currently Operating Municipal Incinerator Plants 

Refuse'Capacity 
Year (Tons per. Furnace 

Number Plant Location Built 24 Hour Day) Type & Grate 

CONNECTICUT (18) 

1. Ansonia 1968 200 Cont./Trav. 

2 . Bridgeport 1958 300 Batch/Mech. 

3 . Bridgeport 1960 200 Batch/Rocking 

4 . . Darien 1941 130 Batch/Rocking 

5. East Hartford 1956 350 Batch/Rocking 

6 . Greenwich 1938 150 Ba tc h/Rocking 

7 • Greenwich 1961 25.0 Cont./Rocking 

8 . Hartford 1954 600 Batch/Mech. 

9 . New Canaan 1956 125 Batch/Mech. 

10 • . New Haven 1963 720 Cont./Trav. , 

11. Norwalk 1962 360 Cont./Trav. 

12 . Norwalk (Bulky) 1968 144 No Grates 

13 . Stamford (Old) 1942 150 Batch/Rocking 

14 . New Stamford (New) 1973 360 Cont./Trav. 

15. Stamford (Multi) 1969 210 No Grates 

16 . Stratford 1968 240 Cont./Trav. 

17 . Waterbury 1952 300 Batch 

18 . West Hartford 195·6 300 Batch/Mech. 

FLORIDA ( 9) 

19 . Ft. Lauderdale #.2 1954 250 Batch/Mech. 
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Table 1. List of Currently Operating Municipal Incinerator Plants 
(Continued) 

Number. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

Plant Location 

FLORIDA (Cont'd.) 

Ft. Lauderdale 
(Winga te) 

Year 
Built 

N.A. 

Miami (NE) 1975 

Miami (20th St.) 1951 

Orlando 

Pahokee 

Pompano 

Pompano Beach 

Tampa 

HAWAII (3) 

Honolulu 
(Kapaloma) 

N.A. 

N.A. 

1964 

N.A. 

1967 

1961 

Honolulu (Kewalo) 1962 

Honolulu 
(Waipahu) 

ILLINOIS (4) 

1969 

Chicago (Calu~et) 1959 

Chicago. (NW) 1970 

Chicago (SW) 1963 

Cicero 1958 

INDIANA (1) 

East Chicago 1970 

- 6 -

Refuse Capacity 
(Tons oer 

24 Hour Day) 

660 

300 

600 

100 

50 

300 

300 

750. 

200 

200 

600 

1200 

1600 

700 

500 

200 

Furnace 
Type & Grate 

Cont./Recip. 

Cont. 

Cont./Mech. 

N.A. 

Cont./Recip. 

Cont. 

Cont./Rot. Kiln 

Batch/Recip. 

Batch/Recip. 

Cont. 

Cont./Rocking 

Cont./Recip. 

Cont./Rot. Kiln 

Cont./Rot. Kiln 

Cont. 



Table 1. List of Currently Operating Municipal Incinerator Plants 
(Continued) 

Number 

36. 

37. 

38. 

39'. ,,' ... 
40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

480 

49. 

50. 

Plant Location 

KENTUCKY (1) 

Louisville 

LOUISIANA (6) 

New Orleans 
(Algiers) 

Year 
Built 

1957 

1963 

New Orleans (East)1967 

New Orleans 1958 
(Florida Avenue) 

New Orleans 
(7th Street) 

New Orleans 
(St. Louis St.) 

Shreveport 

MARYLAND (2) , 

Baltimore #4 

1962 

1971 

1960 

1956 

Montgomery County 1965 

MASSACHUSETTS (7) 

Braintree 1971 

East Bridgewater 1973 

Fall River 1973 

Framingham 1973 

Marleboro 1973 

Saugus (Resco)l 1975 

- 7 -

./ 

Refuse Capacity 
(Tons per 

24 Hour Day) 

1000 

200 

400 

400 

400 

450 

200 

800 

1200 

240 

800 

600 

500 

150 

1500 

Furnace 
Type & Grate 

Cont./Rot~ Kiln 

Cont./Trav. 

Cont./Recip. 

Batch/Rocking 

Cont./Trav. 

Cont./Rocking 

Cont./Rocking 

Batch/Rocking 

Cont./Trav. 

Cont. 

Cont./Recip. 

Cont./Recipo 

Conto/Recip. 

Rot. Kiln 

Cont./Recip. 



Table 1. List of Currently Operating Municipal Incinerator Plants 
(Continued) 

Number 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

Plant Location 

MASSACHUSETTS 
. (Cont '_d. ) 

Weymouth 

MICHIGAN (3) 

Year 
Built 

1965 

Central Wayne 1964 
County 

Clinton-Grosse . 1972 
Pointe 

S.E. Oakland Co. 1953 

MINNESOTA (1) 

Kennsington 
Village 

MISSOURI (2) 

1971 

St. Louis (North) 1956 

St. Louis (South) 1951 

NEW HAMPSHIRE (5) 

Durham 1970 

Manchester 1937 

Nottingham 1975 

Plymouth 1975 

Windham 1975 

NEW YORK (40) 

Babylon 1947 

Beacon 1964 

- 8 -

Refuse Capacity 
(Tons per 

24 Hour Day) 

300 

800 

600 

600 

96 

400 

400 

50 

100 

10 

30 

30 

200 

100 

Furnace 
Type & Grate 

Batch/Mech. 

Cont./Recip. 

Cont./Rot.Kiln 

Batch/Mech. 

N.A. 

Batch/Rocking 

Batch/Rocking 

Batch 

Batch/Manual 

Batch 

Batch 

Batch 

Batch/Manual 

Batch/Rocking 



Table i. List of Currently Operating Municipal Incinerator Plants 
(Continued) 

Refuse Capacity 
Year (Tons per Furnace 

Number Plant Location Buil.t 24 Hour Day) Type & Grate 

NEW YORK (Cont'd) 
/ 

65. Buffalo 1954 650 Batch/Mech. 

66. Canajoharie 1964 50 Batch/Mech. 

67. East Chester 1962 200 Batch/Rocking 

68. Freeport 1964 150 Batch/Rocking 

69. Garden City 1963 175 Cont./Recip. 

70. Hempstead 1965 750 Cont./Recip. 
(Oceanside) 

7l. Hempstead 1952 600 Batch/Mech. 
(Merrick) 

72. Hempstead (San. 1927 200 Batch/Man. 
District #1) 

73. Huntington 1966 300 Cont./Rocking 

74. Islip 1967 300 Cont./Trav. 

75. Lackawanna 1949 150 Batch/Manual 

76. Long Beach 1961 200 Batch/Manual 

77. Mt. Vernon 1949 150 Batch/Mech. 

78. Newburg 1965 240 Cont./Rocking 

79. New Rochelle 193.9 150 Batch/Manual 

80. NYC (Betts Ave.) 1959 1000 Cont./Trav. 

8l. NYC (Gansevoort) 1953 1000 Cont./Trav. 

82. NYC (Greenpoint) 1959 1000 Cont./Trav. 

83. NYC (Hamilton) 1961 1000 Cont./Trav. 
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Table" 1. 

Number" 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92 . 

93. 

94. 

95. 

96. 

97. 

98. 

99. 

100. 

101. 

102. 

List of Currently Operating Municipal Incinerator Plants 
(Continued) 

Plant Location 

NEW YORK (Cont'd) 

Year 
Built 

NYC (South Shore) 1954 

NYC (SW Brooklyn) 1961 

N. Hempstead 
(Denton Avenue) 

N. Hempstead 

Ocean Bay Park 

Ocean Beach 

Old Bethpage 

Old Bethpage 

Patchogue 

Port Chester· 

Rye 

Saltaire 

Scarsdale 

Scio 

Skaneateles 

Tonawanda 

Valley Stream 

White Plains 

Yonkers 

1956 

1966 

1930 

1935 

1967 

1962 

1935 

1951 

1959 

1935 

1959 

1970 

1973 

1933 

1962 

1956 

1951 

- 10 -

Refuse Capacity 
(Tons per 

24 Hour Day) 

1000 

1000 

250 

600 

18 

18 

400 

500 

35 

120 

150 

18 

150 

0.5 

30 

300 

200 

400 

400 

Furnace , 
Type & Grate 

Cont./Trav. 

Cont./Trav. 

Batch/Mech. 

Cont./Rocking 

Batch/Manual 

Batch/Manual 

Cont./Recip. 

Cont./Recip. 

Batch/Manual 

Batch/Mech. 

Batch/Mech. 

Batch/Recip. 

Batch/Mech. 

Batch 

Batch 

C"ont. /Recip. 

Cont./Trav. 

Batch/Rocking 

Cont./Rocking 



Table 1. List of Currently Operating Municipal Incinerator Plants 
(continued) 

Number 

103. 

104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

118. 

Plant Location 

NORTH CAROLINA (I) 

Wrightsville Beach 

OHIO (12) 

Cedarville 

Cincinnati 
(Center Hill) 

Dayton (N. Mont
gomery County) 

Dayton (S. Mont
gomery City) 

Euclid 

Franklin2 

Lakewood 

Lockland 

Miami County 

Parma 

St. Bernard 

Woodsville 

OKLAHOMA ( 2 ) 

Cleveland 

Tahlequah 

PENNSYLVANIA (7) 

Delaware County 
#1 

Year 
Built 

N.A. 

1964 

1940 

1970 

1956 

1969 

1951 

1968 

1956 

1962 

N.A. 

N.A. 

1960 

Refuse Capacity 
(Tons per 

24 Hour Day) 

NO DATA AVAILABLE 

15 

500 

600 

600 

200 

150 

300 

NO DATA AVAILABLE 

150 

70 

NO DATA AVAILABLE 

12 

18 

50 

800 

- 11 -

Furnace 
Type & .Grate 

Batch 

Cont./Trav. 

N.A. 

Cont. 

Batch/Rocking 

Fluidized Bed 

Batch/Manual 

Cont./Pusher 

Batch/Rocking 

Batch/Mech. 

Batch 

Batch 

Cont./Trav. 
+ Rot. Kiln 



Table 1. List of Currently Operating Municipal Incinerator Plants 
(Continued) 

Number 

119. 

120. 

121. 

122. 

123. 

124. 

125. 

126. 

127. 

128. 

129. 

130. 

131. 

Plant Location 

PENNSYLVANIA 
(Cont I d) 

Delaware County 
#2 

Delaware County 
#3 

Harrisburg 3 

Lower Merion 
Township 

Philadelphia 
(E. Central) 

Philadelphia (NW) 

RHODE ISLAND (1) 

Pawtucket 

TENNESSEE (1) 

Nashville 4 

TEXAS (2) 

Amarillo 

Houston (Holmes 
Road) 

UTAH (1) 

Ogden 

VIRGINIA (5) 

Alexandria #2 

Newport News 

Built 

1961 

1962 

1973 

1969 

1966 

1960 

1964 

1974 

1965 

1967 

1966 

1966 

1968 

Refuse Capacity 
(Tons per 

24 Hour Day) 

500 

500 

720 

250 

750 

750 

200 

720 

350 

800 

450 

300 

400 

- 12 -

Furnace 
Type & Grate 

Cont./Trav. 

Cont. /Trav .. 

Cont./Recip. 

Cont./Rocking 

Cont./Trav. 

Cont. /Trav .. 

Cont./Trav. 

Cont. 

Batch/Recip. 

Cont./Trav. 

Cont./Trav. 

Cont./Rocking 

Cont./Trav. 



Table 1- List of Currently Operating Municipal In~ine~ator Plants 
. (Continued) 

Refuse Capacity 
Year (Tons per Furnace 

Number Plant Location Built 24 Hour Day) Type & Grate 

VIRGINIA (Cont'd) 

132. Norfolk 1946 400 Batch/Mech. 

133. Norfolk 1968 360 Cont./Recip. 

134. Portsmouth 1963 350 Batch/Rocking 

WASHINGTON, D.C. (1) 

135. Solid Waste Reduc-N.A. 1500 Cont./Rocking 
tion Center #1 

WISCONSIN ( 6) 

136. Ch'i1 ton 1972 85 Batch/Stationary 

137. DePere 1961 300 Batch/Stationary 

138. Green Bay 1966 360 Batch/Stationary 

139. Kohler-Sheboygan 1974 60 Cont./Trav. 

140. Port Washington 1965 75 Batch/Recip. 

14l. Sheboygan 1965 240 Cont./Rocking 

1 Steam generation facility combined with resource recovery operation. 

2 Operated as a resource recovery facility. 

3 Designed and operating as ~ steam producing facility. 

4' ' Operated as an energy recovery plant. 

NOTE: 1 short ton = .9072 tonne . 
. , 

N.A. denotes information not available. 
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Figure 2. Types of Grates Used in Municipal Incineration 
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tures ranging between 1000° and 20000 F (583° and 10930 C), in the absence 
of oxygen. The process is essentially the same as the destructive 
distillation of coal to make coke for the steel industry. 

Depending on refuse composition and operating conditions, 
pyrolysis of solid waste yields gas, organic liquids, and 
a char residue. Some advantages of pyrolysis compared to in
cineration are its ability to handle plastics and rubber 
w~stes, the production of comparatively less residue (approx
imately 10 percent by weight), little or no air and water 
pollution, and the generation of useable fuel (7). 

Although there .were no municipal-scale pyrolysis plants 
in continuous operation at the end of 1975, there were sever
al exisfing pyrolysis plants operating on a pilot scale at 
that time. Examples are Union Carbide's Puro~ pr~nt·in 
South Charleston, West Virginia and Carborundum Company's 
Torrax facility in Orchard Park, New York (near· Buffalo) . 
Monsanto has constructed a 1000 ton (900 tonne) per day Land
gard pyrolysis plant in Baltimore, Maryland, which is expect
ed to go into service sometime during 1977 (8). Occidental 
Research Corporation expects to complete construction of a 
new 200 ton (180 tonne) per day pyrolysis plant iri El Cajon, 
San Diego County, California during late 1976 (9). The res
idue or char by-product from pyrolysis plants should also be 
considered for use as a highway construction material. 

). CLASSIFICATION OF INCINERATOR RESIDUES 

Incinerator residue is a variable material. A classifica
tioh system has ibeen developed to£acilitate th~identifica
tion of different types of residues. The basis of this classi
fication is the ~degree of burnout" of the residue at the time 

(7) Li..ebel.dzind, Judith E., "PyJtoly~i~ -6oJt Solid Wa~te Manage
ment", Chemtec.h. Sep:tembeJt, 1973, pp. 537-542. 

(8) Phoenix QuaJtteJtly. "Re~ouJtc.e Rec.oveJty: The Vi~ion and 
theVanLtie~", SpJting, 1976, pp. 8-9. 

(9) Civil EngineeJting, FebJtuaJty. 1976, pp. 71-72. 
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I' .. ! 

of its discharge from the incinerator .plant . 
• 

The degree of burnout of incinerator residue depends on 
the composition and moisture content of the incoming refuse 
and the efficiency of the incinerator operation. Municipal 
or household refuse consists 6f'a combustible and non-com
bustible fraction. The combristible fraction may comprise 
from 60 to 80 pe~cent of the ~efuse, depending so~~what upon 
seasonal v.ariations,· and is composed mainly of paper, food 
wastes, and yard wastes, along with smaller percentages of 
wood, textiles, plastics, leather, and rubber. The non-com
bustible fraction basically consists of metals and glass, 
along with varying amounts of miscellaneous material, such 
as bricks, rocks, and dirt. 

" 

The composition and moisture content of municipal refuse 
varies from one loc~tion to another, as ~ell as during dif
ferent times of ,the year. These var.iations have been identi
fied and have gen~rally been found t~.~ailwithin predictable 
ranges. Therefore, the efficiency oftheiriciinerator opera
tion, expressed as th~ degree~of burndut, is the most signif
icant factor involved in determining the overall character of 
incinerator residue. The ~egree of burnout is a representa
tion of the amount of combustible material in the refuse that 
is consumed during the incineration process. 

The most reliable indicator' of the degree of-burnout of 
incinerator residu~ is the basic design of the fu~nace and 
grates. The proper combustion of solid waste in municipal 
incinerator plants is dependent on three basic factors: 
time, temperature, and turbulence. The refuse must be exposed 
to temperatures in the range of 16000 to 18000 F (871 0 to 982 0 C) 
for a sufficient period .oftime i'n order for satisfactory bl1rning to 
occur. Gerierally, the more the refuse is a~itated during 
burning, the higher the de.greeof burnout. 

Municipal incinerator residues can be broadly classified 
into three c~tegories,ba~edlon ,their degree of burnout. 
These categories are:' 

1. WeLt ,buftned':"'out. These are i residues frof!1 continuous 
fed incinerators with a.high degree of. grate agitation. Res
idues of this type are usually produced from plants having 
rotary.kilns, reciprocating ,grates, or rockin~ grates. These 
residues comprise approximately 10 volume percent and 20 to 
30 weight percent of" the, refuse input 0.0). Figure.3 is a 

(10) Ac.hingeft, W: C. and Vaniel-6, L.L, 'iAn Evaluation on 
Seven Inc.ineftatoft-6". In Pftoc.eedin~.6; 1970 National In-
c.ineftatoft Conoeftenc.e, Ameftic.an Soc.~ety 06 Mec.hanic.al 
Engineeft.6, New_Yoftk., N. Y., 1970, pp .. 3'2-64. 
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picture of a typical well burned-out incinerator residue. 

2. Inte~mediately bu~ned-out. This category of residue 
is produced from continuous fed incinerators with traveling 
grates, which do not mechanically agitate or break down the 
burning refuse to any great extent. These residues can be 
expected to represent approximately 20 volume percent and 
25 to 35 weight percen~ of the refuse input QO). An inter
mediately burned-out incineiator, residue is pictured in Figure 
4. r" 

3. Poo~ly bu~ned-out. These residues are the' b~-products 
from batch fed incin~rators'or very poorly oper~ted continuous 
fed incinerators , p'articularlY traveli,ng grate plants. Var
iations in burning time in such plant~ signific~ntly affect 
the degree of burnout, res~lting a si~eable amount of unburned 
or partially burned combustible material. Typically, ,these 
residues comprise 30 to'40 vo+ume percent and 30 to 40 weight 
percent of the refuse input '0.0)., Figure 5 s~ows a poorly 
burned-out incinerator ~esidue.l 

The efficiency of incineration at any piari~ can be in
fluenced to some extent by differences 1n plant operations. 
The operational philosop6ies of supervisor~personnel' may vary 
widely from one plant to another. Th~, freCiuency and ,'amount of 
"downtime" required for maintenance at"any plant could also 
affect the manner in which the plant i,s, 'operated. The. burning 
of wet refuse, collected during rainy :periods ~ can .also be 
handled in differerit ways. Depending on the 'methods employed 
for burning wet refuse, even the most modern planf may pro
duce a poorly burned-out residue. 

It must be kep't in mind that incineration' is used by 
municipalities solely for the purpose of reducing the overall 
vblume of solid waste prior to disposal:, Th~ qu~lity control 
of the resultant residu~ is ordinarily not ~n important fac
tor which influences the operation of a municipal incinera
tor plant. Therefore, classification of a source of incinera
tor residue should not be based solely on the furnace opera
tion and grate type~ the manner in which the plant is opera
ted should also be recognized and taken into consideration. 

The classification of incinerator residues outlined in 
this report is based on normal operations at the plant. Sign-

- 18 -
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ificant variations in plant operating procedures over an ex
tended period of time could possibly result in a change in 
classification for a particular source of residue. 

Residues from the pyrolysis of solid waste are a special 
class apart from incinerator residues. Pyrolysis residues 
are, in most cases, extremely well burned, uniformly graded, 
glassy .materials which comprise approximately 5 to 10 volume 
percent and 15 to 20 weight percent of the refuse input (11). 
A typical residue from a pyrolysis operation is shown in Fig-
ure 6. . 

The suggestedclas~ification system (based o~ degree of 
burnout) is quite subjective~ This mean~ of classification is 
dependent to a great degree upon the visual inspection and 
judgment of the obs~rver. Itisi therefore, not as definitive 
as it should be for practical usage. Consequently, there is a 
need for a more definitive means of assigning a classification 
to a source of incinerator residue. 

Table 2 lists!additional criteria for quantitatively iden
tifying the classifications of incinerator residue. Since the 
residues from pyrolysi~ operations are basically similar, the 
criteria noted in Table.2 will not b~ applied to the~e materi
als ~ The parameters u.s.ed fo'r these cr iter ia are the loss on 
ignition (LOI) and the presence of organic impurities. Since 
these parameters are indicative of the content of ~arbon and 
organic matter in the residue, they can be r~adily related to 
the degree of residue burnout, upon which the classification 
system is based. 

Although a minimal npmber of tests were used. in the devel
opment of these criteria;- the values for loss on ignition and 
the color ranges for presence ·of Organic impurities are con
sidered to be relatively accur~te for·cla~si~ication of incin
erator residues. However,' it m~st be emphasized that proper 
sampling and a sufficient number of tests must be performed in 
order to make use of these suggested criteria. In the event 
the criteria for loss on ignition and presence of organic im
purities indicate different residue classifications, the lesser 
degree of burnout shall be used as the classification of the 
residue. 

(77) Rone, Rene; Ganot~~, Chn~~ G.; Sehne~den, Su~an A.; and 
Yanne, Hanold J., "Enengl} Con~envat~on Wa~te Ut~l~zat~on 
Re~eaneh and Vevelopment Plan". The M~tne Conponat~oni 
Bednond, Ma~~aehu~ett~, Jull}, 7975, 791 p. 
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Table 2. Suggested Criteria for Classification 
of Incinerator Residues 

Type of Residue 

Well burned 

Intermediately burned 

Poorly burned 

Pyrolysis 

Loss on Ignition 
(Percent) 

Less than 5 

5 - 10 

More than 10 

Color of Organic 
Test Solution 

Lighter than standard 

Same as standard 

Darker than standard 

cIdentification of the residue as coming 
from a pyrolysis process is sufficient. 

The loss on ignition' t'est is conducted in accordance with 
the method of test developed by the U. S. Envl.rOnmehtal Pro
tection Agency (12). A detailed description of the test pro
cedure is given in Section' 9, Appendix A; on page 82' of this 
manual. The test pro6edur~. irivo1ves the fine gririding of a 
representative sample of residue, obtaining a 50 gram sample 
for the test, SUbjecting the sample toa one hour exposure in 
a muffle furnace at 950 0 C (1742 0 F), and computing ,the loss 
in weight of the sample. The loss on ignition value is direct
ly related to the carbon content or percentage of combustible 
material that is contained in the sample. Because of the 

([2) U. S. Enui~onmen~al P~o~ee~ion Ageney, Manual No. EPA-
6700-73-01, "Ph'Y.6ieal, Chemieal, and Mie~o-Biologic.al 
Me~hodf.J 06 Solid Waf.J~e Tef.J~ing". PaJt~ 2, 066.i.ee 06 
Ref.Jea~c.h and Moni~o~ing, Na~ional Enui~onmental Re
f.Jea~eh Cente~, C-Lne-Lnna~-L, Ohio, May, 1973. 
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comparatively small sample size (approximately 50 grams), it 
is recommended that a series of tests be conducted for any ma
terial, so that a truly representative loss on ignition value 
can be obtained. 

The test for Organic Impurities in Sands for Concrete 
(ASTM C 40) is simple to perform. It consists of adding a 3 
percent NaOH solution to a sample of material in a standard 
glass container, shaking, and allowing it to stand for 24 
hours, after which the supernatant liquid in the bottle is 
compared to that of a reference standard color solution. If 
the color of the supernatant liquid is darker than that of the 
reference standard color solution, the material may contain 
injurious organic compounds and should be further evaluated 
prior to use. 

4. DESCRIPTION AND COMPOSITION OF INCINERATOR RESIDUE 

4.1 PHYSICAL COMPOSITION AND PROPERTIES 

Inc inerator residue is a heter,ogeneous material derived 
from the combustion of municipal solid waste, which is sub
ject to fluctuations in composition. The principal compon
ents of incinerator residue are glass, metals (ferrous and 
non-ferrous), mineral matter, and combustible and organic 
material. 

The first comprehensive investigation of the physical 
composition of municipal incinerator residue was performed 
in 1968 by the U. S. Bureau of Mines (13). In this study 
residue s~mples were obtained from a rotary kiln furnace 
and a variety of grate-type furnaces which were in operation 
during that time in the Washington, D.C. area. The samples 
were processed and separated into their principal compon
ents by several methods. The average composition of the 
incinerator residues evaluated in the U. S. Bureau of Mines 
study is summarized in Table 3. 

During the same period of time, similar analyses were 

(13) Kenahan, C. B.; Sullivan, P. M.; Ruppent, J. A.; and 
Spano, E. F., "Compo.6ition and Chanac.te.ni.6tic..6 on Munic.i
pal Inc.inenaton Re..6idue.6", U. S. Ve.pantment on Intenion, 
Buneau o~ Mine..6, Repont on Inve..6tigation.6 No. 7204, 
Wa.6hington, V. C., Ve.c.emben, 1968, 20 p. 
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Table 3. Composition of Incinerator Residues from Early Studies 
(Percent by Weight) 

u. S. Bureau Oceanside, Stamford, 
Component of Mines New York Connecticut 

Metals l 29.4 27.2 23.6 

Glass 44.0 46.1 36.6 

Mineral Matter 2 17.6 24.1 36.0 

Combustible and 
Organic Matter 9.0 2.6 3.8 

100.0 100.0 100.0 

lIncludes ferrous metals, non-ferrous "metals, and mill scale. 

2Includes sand, stones, clinkers, ash, ceramics, and filter cake. 
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performed by Arthur D. Little, Inc., (14), on residue samples 
from incinerator plants in Oceanside, New York, and Stamford, 
Connecticut. The findings from these analyses are closely 
related to the average composition figures developed by the 
Bureau of Mines, as shown in Table 3. 

A more. rec.ent study .of incinerator resiques performed for 
the Feder'al Highway Administration·( 15) involved the analysis 
of residues from sources representing each type of incinera
tor in terms of grate design and anticipated residue type. 
Composition studies were performed on representative samples 
from each plant, according to type of residue. Table 4 pre
sents the findings of these analyses and compares the average 
composition from all samples with,the earlier data "developed 
by the U. S. Bureau of Mines. These values are representative 
of .the expec.ted compOsition of different types of municipal 
incinerator residues in the United States. Figure 7 indicates 
the average composition of municipal incinerator residues, 
together with the range in the percentage for each component, 
as determined from the analytical studies. 

The diversity of the components in the municipal incinerator 
residues accounts for certain unusual or unique characteris-
tics of the material. For instance, the nature and occurrence 
of the various components of the. residue are .not always uniform
ly distributed throughout the material. In particular, much of 
the glass fraction of residue is found in those particle sizes 
larger than.l/4'inch (6.35 rom). By contrast, the mineral mat~ 
ter is more well distributed, with stones and ceramics com-

(14) Ka.i~e.tL, E. R.; Ze.it, C. V.; a.YLd Mc.Ca.nne.Jty, J. B., "MuYLic.i
pa.i IYLc.iYLe.Jta.toJt Re.nu~e. a.YLd Re.~idue.", In PJtoc.e.e.ding~; 1968 
Na.ti~na.i rnc.in~Jta.tD~ Conne.Jte.nc.e., Ame.~!c.a.n S~c.Z~ty on 
Me.c.ha.YLic.a.i EngiYLe.e.Jt~, Ne.w YOJtk., N. Y., Ma.y 5-8, 1968, 
pp. 142-153. 

(15) Coiiin~, Robe.ft.t J. a.YLd othe.·ft.~, "Te.c.hnoiogy nOft. U~e. on 
Inc.iYLe.ft.atoft. Re.f..idue. a.~ Highway Ma.te.ft.ia.i", U. S. Ve.paft.t
me.nt on Tft.aYL~poft.tation, Fe.de.Jtai Highway Admini~tft.ation, 
Vft.a6t Fina.i Re.poft.t, Waf..hiYLgton, V. C., Oc.tobe.ft., 1916, 
321 p. 
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Table 4. Physical Composition of Incinerator Residue 
(Percent by Weight) 

Well Intermediately Poorly Average 
Component Burned Burned Burned Composition 

Glass 3·9.9 51.5 45.7 48.0 

Mineral Matter 39.5 17.5 13.1 21.0 

Ferrous Metal 13.8 16.0 8.7 14.2 

Non-Ferrous Metal 3.3 4.3 4.3 4.1 

Combustible and 
Organic Matter 3.5 10.7 28.2 12.7 

100.0 100.0 100.0 100.0 
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Figure 7. Average Composition of Incinerator Residue 
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\. ,prising the coarser fraction and ash, filter cake, and sand 
the finer fraction. Figure 8 is a picture which shows the 
principal components of incinerator residue. 

The particle size distribution of incinerator residues 
is also of great interest to those intending to make use of 
the material. Incinerator residue is essentially a fairly well 
graded materiaL Aside from some occasional oversize mate
rials (such as small appliances, auto parts, large chunks of 
metal, or rags), particle sizes range from 3 inches (76.2 mm) 
down to a nominal amount passing 200 'mesh (0.074 mm). In 
general, the greater the trirbulence on the inclnerator grate, 
the finer the particle size distribution of the residue. 
Figure 9 shows the expected range of particle size distribu
tion'for residue as it was obtained from the incinerator, but 
with the particles removed whose largest dimension was greater 
than 3 inches (76.2 mm). 

The moisture content of incinerator residue can vary 
widely, depending on the degree of burnout, the method of 
quenching, and the age of the residue. Moisture contents have 
been found to range from 15 percent for well-burned stock
piled residue to 60 percent for intermediately burned freshly 
quenched residue. Average moisture contents of incinerator 
iesidue samples from previous studies were found to average 
a~proximately 30 percent, although the moisture content of 
drained samples was found to be approximately 20 percent. 

The unit weight of "as"':received"* incinerator residue is 
also a variable which is dependent on the composition of the 
residue and its degre~ of burnout. As the degree of burnout 
improves, the unit weight of the residue increases. Thedry 
rodded weight of incinerator residue can range from ~ess than 
50 pounds per cubic foot for poorly burned material to over 
80 pounds per cubic foot for material with a high degree of 
burnout. 

The physical composition of pyrolysis residue is con
siderably different from that of incinerator residue. In ap
pearance, the residue is a black, glassy, sand-size material, 
not unlike a fine-grained boiler slag or a granulated lead 
smelter slag. Table 5 presents the physical composition of 
residue from the Monsanto pilot pyrolysis plant in St. Louis, 
which is a prototype of the Landgard plant in Baltimore. 

*The teJtm "a.6-Jtec.eived" mean.6 that the Jte.6idue i.6 in the .6ame 
condition a.6 when it came bJtom the incineJtatoJt with two 
pO.6.6ibfe exc.eption.6: 7) The piec.e.6 faJtgeJt than' 3 inc.he.6 
have been Jtemoved; and 2) The mateJtiaf ma~ be dJtieJt than 
when it wa.6 .6ampfed. 
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Table 5. Physical Composition of Pyrolysis Residue 
(Percen t by Weight) . 

Component - . Percent 

Glass 65 

Mineral. Matter .28 

Ferrous Metal 3 

Non-Ferrous Metal 2 

Carbon 2 

100 

The residue described in Table 5 is referred to'as a 
"glassy aggregate" bet;::ause the majority of the ferrous metal 
and carpon char have been removed from the pyrolysis residue 
prior to final disposal. The ferrous metal is magnetically 
separated and the carbon char is removed by flotation (16). 

(16) U. S. Envi~on~ental P~ot~ction Agency, "B~ltimo~e Vem
on~t~ate~ Ga~ Py~oly~i~";' Repo~t No. EPA/530/SW-75d.i, 
Wa~hington, V._ C. ,1974, 23p. 
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Figure 10 shows the" gradation range of pyrolysis residue, 
as determined from two source~ one from Baltimore and one 
from Charleston, West Virginia. The gradation ra'nge of these 
two samples of pyrolysis residue is very well defined and is 
considered representative 6f the p~rticle size distribution 
of the residue from most pyrolysis operations." However, 
each source of material must be investigat~d to determine its 
own particular characteristics. 

Becau'se of t~e low porosity and glassy nature of pyrolysis 
residues, the moisture content of these materials is very low, 
usually less than 1 percent". Tl)e unit weight of pyrolysis 
residues is corisiderably.higher than that of incinerator resi~ 
due. Dry unit weight.values for pyrolysis residue are most 
likely to fall within the rang~ of 110 to 120 pounds per cubic 
foot (1763 to 1922 kilograms per c~bic metre). 

4.2 CHEMICAL COMPOSrTION 

The chemical compqsition of incinerator residue, like its 
physical composition, depends upon the nature of municipal 
refuse and the degree of burnout at the incinerator plant. 
Previous stuqies (17, ~8) have been performed to determine the 
composition of" carbpn-fJ:'ee incinerator residues from several 
different sources. The ~verage of the chemical analyses from 
these studies has been teported~s follows: . 

(77) Bo~~z, S. A. and Pincu6, A. G., "High Tempe~atu~e Incin
e~a~ion". In P~oceeding6; Na~iona£ Indu6t~ia£ Solid 
Wa6te6 Management COK6e~ence, Hou6ton, Texa6, Ma~ch, 
7970, pp. 244-254. 

(78) Votlj, W. l., eta£, "The Anallj6i6 06 Re6u6eandA6h 6o~ 
Union E£ec~~ic'Companlj", Ral6ton Pu~ina.Companlj, St. 
L 0 Ui6, M i.6 6 0 u~i , Ma Ij , 1 9 7 2 • 
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Component 

8i02 
CaO 
A12 0 3 

Fe 2 0 3 
Ti02 

. MgO 
ZnO 
PbO 
CuO 
MnO 
Na20 
K20 
80, 
P20S 
Other 

.,; 

Percent by Weight 

59.8 
11. 9 
9.8 
4.0 
1.0 
3.0 
0.4 
0.1 
0.1 
0.3 
6.1 
0.5 
0.9 
0.5 
1.6 

100.0 

Al though individuaL samples of incinerator residue may vary 
somewhat from this average composition, the degree of variability 
should not be significant and the relationship between principal 
components should be essentially the same and should fall within 
known limits. 

One difference in chemical composition between sources of 
residue will be the, amount of_carbonaceous material in the resi
due. This carbonaceous material is referred to in the previous 
section as combustible and organic matter. The most practical 
way of measuring the amount of combustible and organic matter in 
the.residue is by means of the loss on ignition (LOl) test. How
ever, this ~est does not provideran absolute value for carbon con
tent of the sample due' to oxidation reactions occurring with metals 
during the test. 

Although the· amount of carbonaceous material present in the 
residue is a function of the degree of burnout of the material, 
loss on ignition values from 2 to 15 percent or more can be ex
pected. The chemical composition of a sample of incinerator resi
due should, therefore, also include the value of loss on ignition 
(LOl) , which is indicative of the carbon content of the residue. 

,~ 
,\ 
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5. INCINERATOR RESIDUE AS A STRUCTURAL FILL 

In addition to landfilling, there has been a limited use of 
incinerator residue as structural fill material in different 
parts of the United States. During the past few years, the City 
of Tampa, Florida has been using residue from its rotary kiln in
cinerator as a fill or embankment material, and as subbase for 
parking lot construction (19). During World War II, incinerator 

~, residue was also used as embankment and subbase material in the 
construction of the Indtistrial Highway (Pennsylvania Ro~te 291) 
near the Philadelphia International Airport (20). In addition, 
it has been report~d that many of the streets in Brooklyn were 
built on compacted incinerator residue during and immediately 
after World War II (21). 

Although there are no written reports documenting these ap
plications, the successful performance of the facilities 'them
selves offer evidence to the usefulness of incinerator residue 
in a highway fill. The following sections provide guidelines, 
for controlling the quality of materials; for establishing lab
oratory procedures for design and control; and for developing 
construction procedures. The gtiidelines,are applicable to those 
residues classified as either well burned or intermediately 
burned. Poorly burned residue should not be used as a struc
tural fill. Special guidelines will be needed for pyrolysis 
residue, if and when it becomes available in sufficient quantity. 

5.1 PREPARATION OF RESIDUE FOR USE 

5.1.1 ACCEPTABLE TYPES OF RESIDUE 

Residues classified as well burned or intermediately burned 
can be used as structural fill. Poorly burned residue should 

(19) Cona..t.ty, NOJtman, City on Tampa, S.anitation Vepa.Jttmen.t. 
PeJt~onal Communiea.tion. . 

(20~ Cappelli, Vominie~, Cappelli BJtotheJt~ TJtue~ing Company, 
Glen Mill~, Penn~ylvania. PeJt~onal Communieation. -". 

(21) Fenton, RiehaJtd, A~~i~tant Co~mi~~ioneJt, New YoJt~ City 
EYl.viJtonmental PJtoteetion Admini.~tJtation. Pell,~oYl.a.e. 
Communieation. 
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not be used· unless its physi~al characteri~tics have been con
siderably altered. Such .. improvement in physical characteris
tics may be ac·complished by stockpiling and aging. The decom
position of the combustible and/or orgariic portion of the res
idue and the oxidation of ihe metals is a continuing.process. 
Asa result, the percentage of unburned combustible materials 
is reduced. The moisture content is also reduced and, in gen
eral, the residue becomes a more workable construction mate
rial. 

It is estimated that stockpiling for at least six months 
to a year is required in order to produce noticeable improve
ment. Residue that is initially·poorly burned and then stock
piled should be sampled and evaluated periodically. When it 
meets the criteria for intermediately burned residue, a.s shown· 
in Table 2, it could then be used . 

. ,·~::~5.1.2 PROCESSING, OF RESIDUE 

It is necessary to remove ,from most residues the miscella
neous debris that would .Continue to decompose or that would be 
difficult to incorporate into an embankment. This debris con
sists of such things as: metal parts from appliances, toys 
and furniture; metal cans; and large pieces of wood. 

The removal of all objects whose largest dimension is 
three inches (76.2 mm) or more would eliminate most, if not 
all, of this debris. In general, the residues will be better 
fill materials if the maximum particle size is reduced to two 
inches (50.8 mm) or less. 

Removal of these larger objects can be accomplished by a 
combination of screening, magnetic separation, and by hand. 
Objects made from ferrous metals predominate; however, there 
is usually a significant fraction of combustible materials 
(unburned newspapers, magazines, and rags) and mineral matter 
(rocks, bricks). If magnetic separation is employed, it usu
ally must be accompanied by screening or removal by hand. 

5.2 \ 

LABORATORY DETERMINATION OF OPTIMUM MOISTURE CONTENT AND 
MAXIMUM DRY DENSITY 

The classical labora~o~y~etho~ of determining the mois
ture-density relationships for soil and soil-like materials 
for controlled fill applications is the moisture-density or 

.-:~ 
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Proctor test (ASTM Designation D 698). This test involves the 
compaction of the material in standard steel molds (4 inches or 
101.6 mm in diameter by 4.56 inches or 115.8 mm high) using a 
standard compactive effort. The dry density of the compacted 
material must be determined for different moisture content val
ues. The density and moisture content'values are plotted on a 
graph, usually in the form of a smooth curve which identifies 
the moisture content value at which the maximum density occurs. 

In order to perform this test with incinerator residue, 
ASTM Designation D 698, Method C, should be used. Method C 
specifies a maximum particle size of three-quarters of an inch 
(19.1 rnm). Several factors must be recognized prior to using 
this test method with incinerator residue. 

As has been shown in Sections 3 and 4, residue consists of 
diverse and dissimilar components (metals,glass, ash, etc.) 
with quite different particle properties. In addition, these 
components are not always distributed uniformly throughout the 
residue. The glass and metal fractions have little or,no af
finity for water, except on their surfaces, while the ash and 
combustible materials absorb high percentages of moisture. 
Some of the fractions are susceptible to degradation as they 
are compacted during the laboratory test~ This degradation, 
as the test progresses, results in a test sample of continu
ously changing characteristics. 

For these reasons separate residue samples should be used 
for each test point and special care should be taken to insure 
that they are representative of the residue being evaluated. 
There should be at least four, and preferably five, test points 
taken in order to establish a reliable moisture-density curve. 
It is also recommended that three separate moisture-density 
tests be performed so that the range of moisture contents and 
related densities can be thoroughly evaluated. 

It has been found that ~ well defined optimum moisture con~ 
tent and maximum dry density is not always obtained. In such 
cases a subjective determination of the moisture range at which 
effective compaction can be obtained must be made. This deter~ 
mination should be based on the results~of the moisture-density 
laboratory evaluation and the observations of the operator of 
the test. The moisture content beyond which the test sample 
begins to appear excessively wet or "mushy" should be consid
ered to be the maximum moisture content for the attainment of 
proper compaction. The dry density at this moisture content 
should be used in the field in the same manner as the maximum 
dry density at the optimum moisture content, which normally re
sults from the moisture-density test. 

- 38 -
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In cases where the moisture-density relationship shows an 
optimum moisture content, it will probably be between 16 and, 
20·percent. If the optimum moisture. content is well defj"ned, 
that value should be:used for control~purposes ip th~ field. 
The' ,maximum dry density of the compacted "residue willpropably 
vary from 75 to 105 pounds .per cubic foot (1201 to 1682 kilograms per 
cub; c metre). 

,'. -

5,3 CONSTRUCTION-PROCEDURES 

Most residues.' should be stockpiled prior to. using .as a 
structural fill. The ,reason for. tbis is the high moist~recon~ 
tent of the residue as it comes oU.t· ,of the incinerator. . A pro
gram of moisture content monitoring of the stockpile should be 
carried out. This program should assist in the following: 

I - Determining when the mois.ture',content Qf the resid~e is, suit-
able for pr.oper field;.compaction. \ 

,. 

2 - Estimating .the· time req~i-red for the 'moisture conte~t' to de:'"' 
crease to a.·sbitable.value. For well-bprned residues, the. 
addition of slight"amounts ofwate.r may be needed-.for ade.
quate compaction if the ,moisture content aft~r stockpiling. 
is less.than that required to achieve maximum dry density. 

3 - Preparing a stockpile management plan th~t will tend to pro
vide areas where moisture content uniformity can be estab

.lished .. 

The successful fills, constructed in the Tampa area·were 
built by placing 12inch.'( 304.8 mm) loose lifts of agedincin-:
erator residue-and. compacting each lift with steel wheel .roll
ers (22). ,Itis recommended that· fills be constructed. in lay
ers wi tha loosethicknes.s no less than· eight inches (203.2 mm) 
and no more than tw.elv;e inches (304.8 IIlIl1).. Each layer should be 
compacted before the application of a subsequent layer. Com
paction should, be continued until the compa9tedfill material is 
stable under repeated .loadingand:doesnot deflect noticeably . 
under the actionof":.the roller.·A recommended quantitative',·cri
terion for satisfactory: compaction' is a minimum of .. 95. percent of 
the maximum .dry. ,density as determined, by ASTM Designation D 69:8 . 

. Where incineratbr residue~s used in. the top three feet; 
(0. 9 meter )of a highway.embankment,· .thelayer· thickness 
should not exceed eight inches ,( 203.2 mm)prior to compaction .. 

(22) Conatty, NOllman, City oil Tampa,' Sanitation Ve.palltme.nt. 
Pe.Il~onaf CommuniQation. 



The in-place density of the compacted residue for this use 
should be 100 percent of the maximum dry density as determined 
by ASTM Designation D 698. The top surface of the fill should 
be sealed with a coating of rapid curing asphalt cutback or 
emulsion, applied uniformly at a rate of from 0.1 to 0.3 gallons 
per square yard. The seal coat acts to preventwaterevapora
tion and subsequent dusting of the top surface and inhibits the 
entry of surface water into the compacted fill. 

Documented information relative to the most satisfactory 
type of compaction equipment is not available. However, the 
residue is cohesionless and equipment suitable for cohesionless 
materials' would probably be the most effective. The use of vi
bratory compaction equipment should be considered .. 

The environmental effects of utilizing incinerator residue 
as fill must be evaluated in terms of proximity to ground water 
sources and the permeability and leachate characteristics of the 
compacted residue. There are currently no uniformly recognized 
test methods for the collection and evaluation of the leachate 
from a residue fill. The evaluation of potential environmental 
effects should be coordinated with the appropriate local regu
latory agency. Potential hazard due to generation of gas may 
also need to be determined. 

6. INCINERATOR RESIDUE AS STABILIZED BASE MATERIAL 

Over the past twenty-five years, research studies and field 
installations have provided evidence that the addition of sta
bilizing agents (such as lime, cement, or pozzolans) improves 
the properties and performance of soils and graded aggregates. 
Of particular significance is the recognition and increased 
utilization of stabilized base course compositions in the con
struction 6f roadways and parking areas. These compositions 
involve the blending of a known proportion of a stabilizing 
agent with a soil and/or aggregate and the compaction of the 
blended mixture to its maximum density at optimum moisture con
tent. 

A patent has been granted for a base course mixture con
sisting of residue from a rotary kiln incinerator stabilized 
with hydrated lime (23). Data on these lime-treated residue 

(23) Gnaedingen, John P., "Matenia~~ and Method non Pavement 
Con~tnuetion". U. S. Patent No. 3,293,999, United State~ 
Patent Onniee, Wa~hington, V. C., Veeemben 27, 1966. 
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compositions, termed "Chempac", has been developed by Soil 
Testing Services of Northbrook, Illinois. Several test in
stallations of "Chempac" compositions have been'· placed in the 
Chicago area to demonstrate the applicability of the material 
as a base course for street and parking lot construction. 

There are no other known field installations of stabilized 
bases that contain incinerator residues. Many of the recom
mendations contained in this section are based on the results 
of laboratory evaluations. 

6.1 ENGINEERING PROPERTIES 

Before attempting to utilize incinerator residue in sta
bilized base course mistures, it is necessary to be familiar 
with the engineering properties of these mixtures. The residue 
itself should not normally have a loss on ignition (LOI) value 
higher than '10 percent, except that in "Chempac" compositions 
the amount of carbon in the residue is preferred to be in the 
range of 10 to 15 percent by weight. This is because a car
bonation reaction occurs in the "Chempac" mixtures between the 
calcium i~ the lime and the finely divided carbon in the residue. 
This reaction causes the formation of calcium carbonate and re
sults in the gradual cementing of the coarser particles in the 
mixture (23). 

Data are available on the laboratory determined compres
sive strength characteristics of stabilized base course mix
tures using incinerator residue. Figure 11 shows the seven 
day compressive strength development of lime and lime-fly ash 
stabilized mixtures using incinerator residue after curing at 
100 0 F (38 0 C). By blending the residue on an equal weight 
basis with crushed stone, a lime stabilized mixture using well 
burned residue with 8 percent dolomitic hydrated lime reached 
a seven day strength in excess of 300 psi.* Mixes containing 
well burned and intermediately burned residue stabilized with 
lime can be substantially improved-'in strength with the addi
tion of fly ash to the mixture as shown in Figure 11. However, 
the addition of fly ash did not improve the low strength char
acteristics of poorly burned residue. 

Most cured lime stabilized incinerator residue specimens 
exhibit freeze-thaw weight loss values of approximately 30 per
cent, which are more than twice the allowable durability re
quirements of the wire brush test. Even when bfended with an 

*One psi equals 6895 pascals. 
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equal weight of crushed stone, most lime stabilized residue 
specimens still have freeze-thaw weight loss values in excess 
of the 14 percent maximum. The addition of fly ash to lime 
stabilized residue mixtures normally results in greatly im
prov~d durability, usually with freeze-thaw weight lo~s values 
considerably less than 10 percent. It is notable that the 
wire brush test for l,ime stabilized , compositions has recently 
been replaced by a new vacuum saturation method described. in 
ASTM C 593, ,'although no test data is 'available at this time 
for lime st~biliied residue specimens. Section 6.3.2 provides 
a briE!f description of this test. 

" 'rhe unconfined co~pres~ive strength of "Chempac" co~rosi-
t10ns,.has bSeti £ound to be 1n the range of 200 to 3~0 PS1 after 

,28 days of curing at 100 0 F (38 0 C). , After 3 months of curing, 
,these'mixtures normally have compressive strengths of 300 psi 
"or more and' develop, between 400 and 500 psi compressive 
strength after 6 months of curing. Values of "Chempac"from 
the CBR test can range from 60 to 120, compared to a valu'e of 
100 for crushed~stone aggregate (24). 

Figure 12 ~h6w~ 'fhe seven daY'compressive strength devel
opment for cement stabilized base course mixtures u~ing in-, 
cinerator residu~ aftercuiing at 70 0 F (21 0 C). Well burned 
residue can be stabilized with'cement and meet minimum strength 
criteria. Blending withn'atural aggregate results in some ex
tremely high seven day compressive,strenqth values, :well in ex
cess of 1000 psi. According to Figure 12, it is pos~ible to 
meet minimum' compressive strength criteria by bleriding inter
mediately burned residue with" natural, aggrega te. Minimum 
strengths cannot be achieved when poorly burned residues are 
used. 

The durab:i..li ty ,of cqred cement stabili'zedbase cQurs,e mix
tures is dete~mined by the wire brushtesi (ASTM D 560). The 
results of- tests,~erformedon these mixtures indicatesth~t ce
ment stabilized' 'incinerator residue compositions are suffi'cient
ly durable to meet or exceed the criteria for weight loss after 
twelve cycles of freezing and thawing. In nearly all cases, 
freeze-thaw weight loss values for cement stabilized residue 
specimens, were found to range from 1 to 5 percent, which is sub
stantially below the maximum allowable weight loss of 14 per
cent. 

* One psi equals 6895 pascals. 

(24) Gnaedinge~, John P., P~e~ident, Soit Te~ting Se~viee~, 
No~thb~ook, Ittinoi~. Pe~~onat Communieation. 
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6,2 PREPARATION OF RESIDUE FOR USE 

In order to utilize incinerator residue as an aggregate 
in stabilized base course compositions, the material must be 
graded to conform to applicable specification requirements. 
The maximum particle diameter recommended for such use is 1-1/2 
inches- (38.1 mm), although sizes up to 2 inches (50.8 mm) in 
diameter may be permitted i~some applications. The "Chempac" 
patent states that the maxi~um particle size of rotary kiln 
residue for use in such compositions be limited to 1 inch (25.4 
mm) . 

Gradati6n control of incin~rator residrie can be achieved 
in several ways. Screening by means of a .trommel is practiced 
at a number of incinerator plants. Thetrommel is a rotating 
metal drum with regularly spaced circular holes, normally I-V2 
inches (38.1 mm) in diameter. One of the main advantages of 
using a trommel is its self-cleaning ability, due to the in
clined rotational movement of the drum. A vibrating metal 
screen can also be used to separate the material at a desired 
size, alt~oughi'periodic cleaning of the screen is necessary.· 
This reduces the efficiency of the screen and may require ad-
ditional manpow~r for operation (25). . 

A hammermill shredder can also be used for size reduction 
of incinerator residue in 'much the same way that municipal ref
use is shredded prior to further processing in resource recov
ery operations. The 6perational requirements of a shredding 
process, the amount of maintenance required for the shredder, 
and the economics of purchasing and operating shredding equip
ment are all factors which must rbeconsidered in this approach. 
On the surfa6e~ it would. ~ppear ~hat the lower cost of screen
ing or trommeling would outweigh the advantages of full use of 
the residue through shredding. . 

Another· effective way of. removing the larger size parti
cles is through~agnetic ~eparation. A high percentage of the 
incinerator residue particle~ that are greater than 1-1/2 to 2 
inches (38.1 to 50.8 mm) in size consist of ferrous metal, oc
curring as metal containers, ~mall appliances, and auto parts. 
Removal of these and tither.ferrous materials from the residue 

(25) Wa.LteJt, C. Edwa.Jtd, "PJta.c.:t-ic.a..t Renu.6e Rec.yc..t-ing,rr ]ouJtna..t 
on Env-iJtonmen:ta..t Eng-ineeJt-ing V-iv-i.6-ion, AmeJt-ic.a.n Soc.-ie:ty 
on C-iv-i.t Eng-ineeJt.6, FebJtua.Jty, 1976, pp. 139-148. 



will in most cases effectively reduce the maximum particle 
size of the residue to that recommended for use in stabilized 
base course mixtures. In some cases magnetic separation may 
have to be accompanied by hand picking or screening of other 
oversize materials in order to meet gradation requirements., 

t. . .'.' 

The gradation range, shown in Figure 13, is representative 
of the gradation that/can be expected from incinerator residue 
from which particles ,larger than 1-1/2 inches (38.1 mm) have 
been removed. The 1..;.1/2 inch (38.1 mm) size is usually the top 
size recommended for'use in stone base and in the coarse aggre
gate component of stabilized bases. . Figure 13' shows. tha't' in
cinerator r~sidue is well graded 'fro~ the coarse to fine ,arid 
will probably meet gradation requirements for most stone and 
stabilized base courses~ . . 

The gradation range for a typical pyrolysis residue l.'s 
sho~n in Figure 10. PyrOlysis residue is more unifdrm thin 
other incinerator residues, with approximately 80 percent by 
weight between the, No. =4 and No. 40 mesh screen sizes.· Al- , 
though nb prio~~d~e~hih~ ~ppears to be necessary before using 
pyrolysis residue, .. the material must be blended with conven
tional aggregate 'to achieve an acceptable gradation for use in 
base course mixtures. " . -

Only well burned o~ intermediately burned residues should 
be used in stabilized bases'. Poorly bur~ed residue should not 
be used unless its properties have been improved by: aging (see 
Section 5 ~ 1.1) : . 

6.3 MIX DES1GN AND LABORATORY TEST PROCEDURES 

.' 

Stabili zed' bas,e course compositions consisir of. at least 
two components: an aggregate and a binder. In many cases, as 
in aggregate-cement stabilized base, wa~er .is added to provide 
the moistur~necessary to compact the mixture and to hydrate 
the cement and thus form a cementitious composition. The fol
lowing procedures pertain to stabilized bases where incinerator 
residue is used as theaggr~gate and the binder consists of 
lime, lime-pozzolan, or portland cement. The successful use of 
st'abilized base course mixtu,res requires that such compositions 
be properly'formuiated and mixed so that good field performance 
can be obtained after the base has been properly placed using 
acceptable construction procedures. 

Stabilized bases are usually designed to meet locally ap
plicable requirements for such mixtures. These requirements 
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are generally in the form of state specifications. These spec
ifications must obviously be used on highways that are part of 
the state system. Many times they are also written into the
specifidations for local and private construction. The proce
dural suggestions that are contained herein are designed to 
conform to existing state specifications for stabilized bases. 

6.3.1 EVALUATION OF MATERIALS 

INCINERATOR RESIDUE 

The initial step involved in the laboratory evaluation is 
to select representative samples of all materials. This is 
particularly important in the case of incinerator residue be
cause of its heterogeneous nature. 

Residue sources should be surveyed, keeping in mind that 
only well burned or intermediately burned residues are to be 
used. A decision must be made as to whether stockpiled residu8 
will be used or whether it will be used directly as discharged 
from the incinerator. It is strongly recommended that stock
piled material be used. It offers the following advantages 
over "fresh" residue 

1 - Reduced moisture content. 

2 - Increased decomposition of organic substances. 

3 - The potential for stockpile management in order to make 
available a more uniform material. 

4 - The quantities of residue available for scheduled use are 
dependable and readily determined. 

5 - Stockpiles are generally readil¥ accessible to men and 
equipment. 

After residue sources have been located, each source should 
be evaluated with respect to the following: 

1 - Residue classification (Section 3; Table 2). 

2 - Amount and characterization of large particles in the resi
due. The size that constitutes a large particle will vary 
depending on the particular application being contemplated 
and the applicable specifications; in general, however, two 
inches and more can be considered as "large" forprelimi-
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nary evaluations. Plus two inches (51 !11'1) 'i'1111 also serve as a 
criteria for the large particles for most final evaluations. 

3 - Gradation of the fine fraction.* 

4 -A determination of the physical composition of the residue. 
Recommended procedures for such a determination are pre
sented in Section 10, Appendix B, on page 85 of this manual. 

5 - A determination of the presence of any hazardous or poten
tially hazardous substance. Further discussion of this mat
ter is also included in Appendix B. 

6 - Analysis of quantity available in relation to the quantity 
required. 

If the residue from a pot~ntial source is typical in com
position when compared with the compositions described in Sec
tion 4 (Table 4 and Section 4.2), the material should be con
sidered suitable for further evaluation. This assumes that 
the residue contains no hazardous or potentially hazardous sub
stances. If the composition of a particular residue is sub
stantially different from that described in Section 4 (Table 4 
and Section 4.2), special studies may be necessary to evaluate 
suitability of the material as an aggregate. This would also 
apply if hazardous or potentially hazardous substances are present. 

In the event that a residue is determined to be typical, 
further evaluation would be based primarily on the results of 
performance type tests on the mixture. The recommended proce
dure for this evaluation will be presented in Section 6.3.2. 
This means that the standard aggregate tests, with the exception 
of gradations, would not be performed routinely for the purpose 
of material acceptance. It is recommended, however, that data 
continue to be collected on the aggregate properties of incin
erator residue for possible future use. 

CEMENT, LIME, POZZOLAN 

These binders should be evaluated for acceptance in accor
dance with the appropriate state specifications. In the absence 
of a state specification on any of these materials, the appli
cable ASTM or AASHTO specification can be used. 

*The 6ine 6~action he~e being de6ined a6 the ~e6idu~ .that ~e
main6 a6te~ the ".e.a~ge pa~tic.e.e6" have been ~emoved. 
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6.3.2 MIX DESIGN 

Mix design procedures involve the following steps: 

I - Design of trial -mixes. 

2 --Preparation oftest_specimensu~ing the trial mix de~igns. 

3 - Evaluation of trial mixes by compressive strength and dur
ability,tests. 

4 - Selection of the proper mix. 

DESIGN OF TRIAL MIXES 

Trial selections of the percentage 6f binder, percentage 
of incinerator residue, and percentage of conventional aggre
gate (if any) must be made. The ranges of binder contents shown 
in Table 6-can'be used in establishing trial mix designs. In 
general, the lower the dry density of the residue the greater 
should be the addition of binder. The need for greater amounts 
of binder can also be anticipated as the residue quality de
creases. 

At least two triai mixes will be required. The objective 
is to select the most economical mix that satisfies acceptable 
strength and durability requirements (performance criteria). 
Trial mixes should first be evaluated using the residue only as 
the aggregate. If these fail to satisfy the performancecrite
ria, a second series of trials should be made replacing half of 
the residue component with a conventional aggregate. The con
ventional aggregate should be one that satisfies the require
ments of the specifying organization for aggregates used in_ 
stabilized bases. If none -of these mixessatlsfy the perform
ance criteria, the residue is probably unsuitable for use. 

Thedeterrnination of the optimum moi:sture 'conteI1t based on 
the moisture-density relationships for the mixture is an impor
tant part of the mix design. Stabilized base compositions should 
be designed so that with proper compaction a dense, stable prod
uct_ will resul t. -' Strength development - is also usually ehhanced 
when the mix compone-nts are in -intimate con't~ct with one another. 
Many, studies have shown that strength development is directly 
proportional, to compacted density. The procedures 'outlined in 
ASTM Designation 0 558 are applicable for optimum moisture de
terminations. ' 
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Table 6. Recommended Binder Percentages for Trial Mix 
Designs of Stabilized Base Course Mixtures 

Dry Densit¥ 
of Residue Recommended 

Binder Type (lbs/ft 3)* Percent of Binder 2 

Lime <70 8-15 

>70 6-12 

Lime-Pozzolan 3 <70 15-25 

>70 10-20 

Cement <70 ',6-12 

>70 4-10' 

lDry rodded weight determined in accordance with AST~ 
besignation C ,29. 

2Expressed as percent by weight,of total mix. 

3 Tqtal percentage of lime-pozzolan should be composed of 
1 part by weight'of lime to 3 or 4 parts by weight Qf, 
pozzolan. ' 

* 1 lb/ft3 equals 16 kg/m3 
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Studies have shown that it is not always possible to ob
tain a well defined "optimum" moisture content for incinerator 
residue. In order to minimize this possibility individual sam
ples of residue should be used for each point on the moisture
density test. Extreme care should be taken to insure that all 
samples are the same. The proper amounts of moisture should be 
incorporated into each sample and the material kept in a sealed 
container until it is used. 

If incinerator residue is used to satisfy 100 percent of 
the aggregate requirement in a stabilized base course mixture, 
the optimum moisture content will probably occur somewhere be
tween 15 and 20 percent. If it is blended on an equal wei~ht 
basis with natural aggregate, the optimum moisture content of 
the mixture will probably occur somewhere between 10 and 15 
percent. 

In the event that the optimum moisture content is not 
clearly defined, other qualitative methods must .be used to de
termine a moisture content to be used in the mixture. It has 
been observed ~hat, beyond a certain moisture ~ontent, usually 
in excess of twenty percent, the compacted samples become quite 
"mushy", even though the dry density remains relatively high. 
A mix moisture content two percent below the moisture content 
at which the compacted specimen becomes "mushy" is a possible 
criterio~. It may also be possible to correlate this with the 
moisture content at which water begins to' be forced out of the 
bottom of the mold during the moisture-density test. , , 

The optimum moisture content of stabilized base course 
compositions containing incinerator residue will vary according 
to the percentage of conventional aggregate that is blended 
with the residue in the mixture. As the percentage of conven
tional aggregate increases, the optimum moisture content will 
be reduced. However, variations in the percentage of the bind
er do not have a significant effect on the optimum moisture 
content. 

PREPARATION OF TEST SPECIMENS 

Test specimens should be prepared for each trial mixture 
for compressive strength and durability testing. These speci
mens should be molded in Proctor size molds (4 inches or 101.6 
mm in diameter by 4.56 inches or 115.8 mm high). The test 
specimens must be cured for a period of at least seven days. 
Lime or lime-pozzolan stabilized mlxes must be cured in sealed 
containers at a constant temperature of 100 0 ± 3 0 F (38 0 ± 
2 0 C). Cement stabilized mixes must be cured in sealed con-
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tainers at a constant temperature of 70 0 ±3° F (21 0 ± 2 0 C). 

COMPRESSIVE STRENGTH AND DURABILITY TESTING 

The evaluation of trial mixes 'should be based on a three 
part program: 

1 - Determination of seven day compressive strength for all 
trial mixes. 

2 - Determination of twenty-eight day compressive strength for 
selected mixes. 

3 - Determination of resistance to freezing and thawing for 
selected mixes. 

At the end of the seven day curing period, the specimens 
are taken from the sealed containers~ immersed in water for a 
four hour soaking period, removed from the water bath, capped 
with a sulfide based capping compound, and tested for uncon
fined compressive strength in accordance with the procedures 
described in-ASTM Designation D 1663. The seven day compres
sive strength of a particular trial mix is the average value 
of the number of specimens tested for that mix. A minimum of 
three specimens should be tested for each trial mix. 

Table 7 outlines suggested minimum seven day compressive 
strength values for stabilized base course compositions using 
different binder types. 

Table 7. Minimum Seven Day Compressive Strength Criteria 
for Stabilized Base Course Mixtures 

Binder 

Lime 

Lime-Pozzolan 

Cement 

Medium and 
Heavy Traffic 

300 

400 

650 
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Light Traffic 
or Parking Lots 

200 

300 

400 



Stabilized base course mixtures whose average seven day 
compressive streng:th values are equal to or greater than the 
minimum strength criteria outlined in Table 7 should also be 
evaluated for compressive~strength development after 28 days 
of similar curing. Normally, 28 day strength values are:ap
proximately twice, as high as 7 day strength values. If the 
28 day compressive strength is ninety percent greater than 
the 7 day compressive strength, the mixture possesses lOng
term strength gaining characteristics and should be further 
evaluated for durability. 

The ·durability of lime and lime-pozzolan stabilized.base 
course mixtures is evaluated in accordance with ASTM Designation 
C 593. The. test method involves the vacuum saturation of cured 
test specimens for 30 minutes at a vacuum pressure 'of 24 inches 
(609.6 mm), followed by immersion in water and'saturation of the 
specimen, and' subsequent testing for unconfined compressive 
strength. The unconfined compressive strength of the specimen 
after vacuum saturation should not be less than 25 percent of 
the unconfined compressive strength before vacuum saturation. 

The durability of cement stabilized base course mixtures 
is evaluated in accordance with the procedures outlined in 
ASTM Designation D 560. This durability test method· for soil
cement mixtures involves the cyclic freezing and thawing of 
cured test specimens for 48 hour cycles. The specimens must 
be brushed with a special wire brush and ·the weight loss after 
brushing measured for each cycle. The procedure is repeated' c 

for a total of 12 freeze-thaw cycles or until the weight loss 
exceeds 10 percent of the original weight of' the specimen. 

In order to assist in the design of overlying pavement 
layers, the California Bearing Ratio (CBR) test, des~ribed in 
the preceding chapter, should be performed on stabilized base 
course compositions. A minimum CRB value of 80 has been 
recommended for lime treated incinerator residue compositions, 
since this is the minimum value usually required of gravel or 
crushed stone aggregates for.base course (26). An equal·or 
higher CBR value can be assigned to cement treated compositions. 

SELECTION OF THE PROPER MIX 

The selection of a final mix design for stabilized base 

(26') Gna.ed..i..ngelt, John P., PJr..e-6..i..dent, SaLt Te-6t-i.ng SeJr..v..i..c.e-6, 
NOJr..thbJr..ook, .Ill..i..no..i..-6. Pelt-6ona.l Co mmun..i..c.a.t..i..o K. 

(l 
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course mixtures containing incine~ator residue shouid be ba~ed 
on the following criteria: {.;.~- . ,-,~ ,,~, .' 

1. Minimum compressive strength after seven days of curing 
in accordance with the suggested values fr9m Table 7. 

~ An increase in compressive .strength of at least 90 per
cent after 28 days of curing, compared,to the compres
sive strength after 7 days of curing. 

3. Stabilized base mixtures must exhibit sufficient dura
bility characteristics. Lime, or lime-pbzzolan mixtUres 
should not have more than a 25 percent loss in com- -
pressive strength after vacuum saturation ~ Cement 
treated mixtures should not have more than a,14 percent 

,weight loss after 12 cycles of freeze~thaw arid wire 
brushing. . 

6.4 CONSTRUCTION PROCEDURES 

6.4.1 PLANT MIXING 

Stabilized base course mixtures using incinerator residue 
should be mixed in a conventional blending plant with a-pugmill 
mixer. The use of mix-in-place methods are not recommended 
because there is less quality control when compared to plant 
mixing. The stabilizing agent (lime, cement, etc.) should be 
well dispersed with the incinerator residue during the mixing. 
Blending of the residue with natural aggregate should also be 
done in the pugmill mixer. 

Plant mixing of the materials sh~ll be done as close as 
possible to the ,optimum moisture content of the design mix, as 
determined in the laboratory in accordance with the procedures 
described. in'ASTM'Designation D558. If the addition of water 
is necessary at the mixing plant, the water used must be' suit
able for use in portland cement mixtures. The mixture should 
be transported to the job site in covered trucks to prevent 
evaporation of water and to protect the mixture during periods 
of rainfall. 

6.4.2 SPREADING AND COMPACTION 

Before spreading and compacting can occur, the s~bgrade 
must be prop~rly- prepared. The subgradeshould be prepared 
in accordance with generally acceptable practice. 
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It is extremely important that stabilized base compositions 
containing incinerator residue be adequately compacted. The 
moisture content of the material at the time of placement must 
not exceed the optimum value by more than two percent. The sub
grade material should be in a moist condition 'so there will not 
be any absorption of moisture from the base course. ' 

The air temperature at the time of spreading and compaction 
should be at least 40° F (4° C) and preferably over 50° F (10° 
C). The material should not be worked during rainy weather. 
No material should be placed once the average daily temperature 
falls below 50° F (10° C). Respective state specifications 
should also be consulted to determine construction cutoff date 
requirements for stabilized base course mixtures. 

Spreading of these mixtures can be accomplished by means 
of mechanical spreading equipment normally used in the placement 
of stabilized base materials. An asphalt paving machine or a 
spreader box will spread the material to a uniform thickness. 
When using a stabilized base mixture in parking lot construction, 
the material can simply be dumped from the truck and spread by 
a bulldozer or motor grader to the desired thickness. Regardless 
of the spreading method used, the compacted thickness of the base 
course material should not exceed 8 inches (20,3.2 rom). The un
compacted thickness necessary to produce a des1ired compacted 
thickness should be determined before placement of the base course. 

Where the design thickness exceeds 8 inches (203.2 rom), the 
base course must -.be constructed in several layers. The minimum 
compacted thickness of any layer should not be less than 4 inches 
{101.6 rom}. The in-place density of each layer must be satis
factorily verified before the next layer can be placed. The in
place density of each layer of compacted base course material 
can be determined using any of the normally accepted field den
sity measurement techniques. 

A minimum density of 98 percent of the maximum dry density 
value determined in the laboratory from ASTM D 558 must be ob
tained for each layer of compacted material. If a lower value 
is found in the field, that layer must receive additional com
pactive effort and moisture, if necessary, until the recommended 
density value is recorded. 

When several layers of compacted fill material are being 
placed, each previous layer should be maintained in a moist 
condition until the next succeeding layer is placed. The top 
1 to 2 inches {25.4 to 50.8 mm} of the previous layer should 
be scarified or raked so the layers will be able to knit together. 
Compaction of each layer should begin as soon as possible after 
placement. , . 
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Initial compaction is usually best achieved with a 
pneumatic-tired roiler or vibratory roller. Further compaction 
of each layer should be with a three wheeled or tandem steel 
wheeled roller. The number of passes required to achieve the 
desired compaction should be determined in advance by means of 
a test layer of the material. Depending on the particular equip
ment used and the layer thickness, from four to ten passes of· 
the roller may be necessary to obtain the required density. The 
roller used should have a minimum rating of 10 tons. 

The top layer should be compacted to a density of at least 
100 percent of the maximum dry density of the material. The top 
layer should be kept high enough so that the surface after com
parition will be at or slightly higher than the required finish 
grade, rather than below grade. Finished grading should be ac
complished by removing excess material with a motor grader, , 
scarifyinif the top of the layer, and recompacting by rolling to 
assure a smooth finished surface. 

Immediately following completion of the placement of the 
stabilized base course, the finished surface should be sealed 
by the application of a bituminous curing material, either a 
medium curing or rapid curing liquid asphalt or an emulsified 
asphalt, applied at a rate of from 0.1 to 0.3 gallons per square 
yard. This seal coat acts as a curing agent and also prev~nts 
the infiltration of water, which could cause surface leaching 
of the base course. 

A three day time period is recommended between the applica
tion of the seal coat and the placement of a bituminous wearing 
surface, particularly for stabilized base materials using lime 
as the binding agent. It has been reported that, due to a car
bonation reaction, an evolution of hydrogen gas has been observed 
during this period from "Chempac" compositions. If a final sur
face were to be applied immediately, pressure from the evolving 
gas could possibly cause bursts in the asphalt surface. After. 
three days, the gas pressure will dissipate and the wearing sur
face material can safely be applied (27). 

The bituminous wearing surface should be mixed and placed 
in accordance with applicable local or state'specifications. 
Appropriate thickness design methods shall be used, based on 
anticipated traffic loadings. A minimum thickness of 1-1/2 
inches (38.1 mm) is recommended. No traffic of any kind should 
be permitted on the stabilized base material until after the com
pletion of the bituminous wearing surface. 

(27) Gnae.dinge.IC., John P. "Mccte.IC.ia.t and!~'e.thod 6oIC. Pave.ment 
Con.6tlC.uc.tion". U. S. Pate.nt No. 3,293,999. United State.6 
Patent 066ic.e, Wa.6hington, V. C., Ve.c.e.mbe.IC. 27,1966. 
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7. INCINERATOR RESIDUE AS AGGREGATE IN BITUMINOUS MIXTURES 

To date, the most promising use of incinerator residue for 
highway construction appears to be as an aggregate substitute 
in 'bituminous paving mixtures. A considerable amount of labora
tory data has been developed to sUbstantiate the fact that ac
ceptable paving .mixtures can be produced when incinerator resi~ 
due is used (28, 29, 30, 31, 32) • 

. The performance of a number of such mixtures has also been 
monitored in the field and results to date indicate that these 
applications have performed in an acceptable manner. Inciner
ator residtie has been successfully used in experimental base 
course installations in Houston, Texas, and Baltimore, Maryland. 
It ha~ also been incorporated into two experimental wearing sur
face mixtures .in the Philadelphia area and one in Harrisburg, 
pennsylva!l~a. On the basis of .the field performances, incinerator residue 
cannot at. thlS time he rp.commp.nded for use as an aqqreqate substitute in 
'surface courses. A patent has been granted for the use of in-

(28) Collin.6, Robvl.tJ., etal, "Te..c.hnology 60IL the.. U.6e 06 In
c.in~ILato!tRe...6ldue.. a.6 Highway Con.6tlLuc.tion Mate..ILial", U.S. 
VepaILtment 06 TILan.6polLtation, Fe..deILal Highway Admini6~ 
tILation, Final RepolLt VILa6t, Oc.tobe..lL; 1976, 409 p., 

(29) Hayne6, J~ and LedbetteIL, W. B., "Inc.ineILatoILRe...6idue.. in 
Bituminou.6 Ba.6e Con.6tlLuc.tion", U.S. Ve..paILtme..nt 06 TILa·n.6-
pOILtation, FedeILal Highway Admini.6tILation, Re..polLt No. 
FHWA-RV-76-12, Wa6hin.gton,V~ C., Ve..c.e:mbe..IL, 1975, 91 p. 

,'. I 

(30')' Laue..IL, K. R. and LeliaelLt, R. M., "PIL06itable Utilization 
'06 Inc.ineJiatolL Re.6·idue.. 6nom Munic.ipal Re6u6e". In PILO-
c.e..eding.6; Fi6th Mine..ILal Wa.6te Utilization Sympo.6ium, 
Chic.ago,Illinoi.6, ApILil 13-14, 1976, pp. 215-218. 

(311 Lilge, E. O~, "The Conve..1L6ion 06City·Re..6u6e.. to U.6e..6ul 
PILoduc..t6".,. Comp06t Sc..ienc.e.., July-Augu.6t, 1970, pp~ 20-24. 

(32) WaltelL, C. Edwa.ILd, "A.6phaltRoad Compo.6ition and PILOc.e6.6 
06 Mafling Same", u.s. Pate..nt No. 3,907,582, United State..6 
Patent 066ic.e, Wa6hington, V. C., Se..pte..mbeIL 23, 1975. 
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cinerator residue in asphaltic road compositions for both base 
course arid wearing surface applications (33). 

7.1 ENGINEERING PROPERTIES 

A knowledge of the engineering properties of incip.erator 
residue paving mixtures is of great value to potentiai usets. 
Before using incinerator residue :in bituminous mixtures, how
e~.er ~··.some information must be known about the physical prop
eities of th~ ~esidti~ itself. Adequate sampling of ~ncinerator 
residue is essential to assure that ~esting will provide repre
sentative results. The gradation of the residue is most impor
tant .. The material should be well graded from the c'oarse to the 
firie ~iz~s, as indicated in Figure 13. 

The loss on ignition of the residue should not -exceed 10 
percent and is recommended to be equal to or less than 5 per
cent, if possible~The specific gravity of the residue ciust be 
determined, as well as the absorption characteristics of the ma
terial.· In general,specific gravity values will probabl~ range 
from 2.20 to 2.60, although somewhat lower values may be obtained 
from the more poorly burned residues. 

The abrasion resistance of the residue should meet the re
quirements of aggregate for use in bituminous mixtures~ . A~rasion 
loss values can be determined using ASTM Designation C 131, Re
sistance to Abrasion of Small Size Coarse Aggregate by Use of the 
Los Angeles Machine. For use in base courses and binder courses, 
the abrasion loss must not exceed 50 percent. For use in wearing 
surface mixtures, the abrasion loss must not exceed 40 percent. 
The abrasion loss.for. most incinerator residues has been found to 
range from 33 to 45 percent. 

Most residues do possess acceptable resistance to abrasion, 
according to criteria used in the above test method. However,r 
because the charge (the number and weight of steel balls ·used in 
the testing 'machine) is varied according to the gradation of the 
mat~rial being tested, coarser graded-materials usu~lly have 
higher abrasion losses than finer graded materials. Because of 
the presence of ash and combustible material in the residue, 
abrasion loss values may be less than expected, since these,com
ponents may not be as readily ,reduced by the .charge .. If the 
abrasion loss is close to the allowable value, it is advisable 

{33! Ibid. 
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to consider further laboratory evaluation. 

The engineering properties of bituminous paving mixtures are 
evaluated by using the design criteria from applicable asphalt 
mix design methods. Since each state is responsible for speci
fying the mix design method to be used, engineers are advised to 
refer to local practice and to review pertinent literature from 
The Asphalt Institute with reference to mix design (34). 

The most widely used method of testing asphalt mixes is the 
Marshall mix design method (ASTM Designation D 1559). The test 
involves placing compacted specimens in a Marshall testing appa
ratus which measures the load carrying capability (stability) 
and movement or strain (flow) of the specimen under loading con
ditions. 

Marshall stability values for open graded base course mix
tures using different classes of "as received" (AR) incinerator 
residues are shown in Figure 14. A comparison is made of sta
bility values at optimum asphalt content* for these mixtures, 
using the residue by itself and blended with 50 percent by 
weight of crushed. stone -aggregate. In each case, the blending 
with aggregate improved the stability of the mix. In practi
cally all cases, the blended mixes possessed stability values 
higher than those 9f mixtures ih which only incinerator residue 
was used. The removal of ferrous metals (RM) had the effect of 
slightly improving stabili"ty values of blended base course mix
tures in most cases. 

A further advantage of blending the residue with aggregate 
is a reduction in the ~ount of asphalt required for complete 
particle coating, cpmpared with mixes using all residue. Ade
quate coating of blended base couisemixes should be achieved 
with fro~ 5 to 8 percent of apshalt by weight of total aggre- . 
gate. Depending on the degree of burnout of the residue, the 
amount of asphalt required for complete particle coating of the 

(34) A.6phalt In.6t-<'tute.. "M-<.x Ve..6-<.gn Me.thod.6 nOll. Hot-M-<.x 
A.6phalt Pav-<.ng", Manual Se.Jt.,[e..6 No.2 (MS-2), Colle.ge. PaJtR., 
MaJtyland, Fe.bJtuaJty, 1962, 177 p. 

*In addition to the use of design criteria, the optimum asphalt content of 
bituminous paving mixtures containing incinerator residue is determined on 
the basis of completely coating the surface of all aggregate particles in 
the mixture. 
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all 100 percent residue mixes can be 10 percent or more by 
weight of total aggregate in the mix. 

Marshall stability values for dense graded binder course 
mixtures using different classes of "as received" (A~) inciner
ator residues are shown in Figure 15. The stability values com
pared in Figure 15 are at optimum asphalt content for the all 
residue and blended residue mixes. Extremely high stability 
values have been recorded for mixtures in which the total ag
gregate consisted of well burned residue. Slightly higher sta
bility values have been observed at asphalt contents below the 
optimum required for complete particle coating. 

The percentage of optimum asphalt content is considerably 
lower in' the bl~nded mixes than in the all residue mix~s;As 
observed previously, stability values are markedly improved,' by 
blending intermediately and poorly burned residue with crushed 
stone. The removal of magnetics (RM) does not appear to have a 
significant effect on the stability of the mix, although the 
presence of oxidized ferrous metal may have an adverse effect 
on the asphalt ,stripping, characteristics 'of the mix. 

The Marshall stability values shown in Figure 15 confirm 
earlier observations made by Texas Transportationlnstit~te and 
the City of B~17i~qre. , ~ay'ne's :and Ledbetter (35)* observ~d 
Marshall stab111t1es between 1500 and 2000 pounds for "L1tter
crete" mixtures containing 89 percent incinerator residue with 
a loss on ignition of 5 percent and a maximum particle size of 
1 inch (25.4 rom). Walter found that Marshall stability values 
at optimum asphalt content ranged from 1300 to 2000 pounds*as 
the percentage of treated residue in the paving mix was varied 
(36).' ;:" 

The optimum asphalt content of dense ,graded binder course 
mixtures containing 50 percent by weight of incinerator residue 
can be expected 'to range "from 6. to 9 percent by weight of total 
aggregate in order to achieve complete particle coating. Wheni 
complete particle coating and proper compaction ,are achieved, 
the' amount of air voids in the paving mix are generally reduced 
to values within specification requirements. 

* 1 lb force equals 4.448 newtons 

(35) HaYl1e.!>, J. al1d LedbetteJr., W. B., Op. C-tt., p. 61. 

(36) WaiteJr., C. EdwaJr.d, "PJr.ac.t-tc.ai Re6u6e Rec.yc.i-tl1g", JouJr.l1ai 
06 the El1v-tJr.ol1mel1tai El1g-tl1eeJr.-tl1g V-tV-t6-t011, AmeJr.-tc.al1 ' 
Soc.-tety 06 C-tvLe. El1g-tl1eeJr..!>, FebJr.uaJr.y, 1976, pp. 139-148. 
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Figure 16 compares Marshall stability values for wearing 
surface mixtures using "as received" (AR) and magnetically re
moved (RM) incinerator residues screened to passing 1/2 inch 
(12.7 rom) size. As with binder mixes, highest stability values 
at optimum asphalt content were recorded with mixes containing 
well burned residue. Although the stability values at optimum 
asphalt content were lower for well burned residue blended with 
stone, compared to the all residue mixes, the optimum stability 
values were not the highest stabilities recorded for the blended 
mixes. Higher stabilities were recorded at somewhat lower as
phalt contents, but without complete particle coating, which is 
particularly important for wearing surface mixes. 

Blending with c.onventional aggregate generally improves the 
stability, flow, and aii voids chaiacteristics of incinerator 
residue mixes. The optimum asphalt content is correspondingly 
lower than for 100 percent residue mixes. The optimum asphalt 
content for blended mixtures is generally in the range of 6 to 
9 percent by weight of total aggregate· for binder course and 
wearing surfa~e mixtures. 

The addition of lime improves the Marshall stability of in
cinerator residue wearing surface mixes and enhances the anti
stripping characteristics of these mixes. Compacted specimens 
at optimum asphalt content with approximately 2 percent by 
weight of hydrated lime should be able to meet or exceed the" 
retained strength criteria of the immersion-compression test. 
"Littercrete" specimens using a 2 percent lime slurry addition 
exhibited an average retained strength of 82.8 percent (37). 

Marshall flow values for mixtures using incinerator residue 
are somewhat erratic. Often these values vary in an inconsis
tent manner as the asphalt content of the mix is varied. At 
optimum asphalt content, as determined by complete particl~ 
coating and Marshall stability, the flow values of these mixes 
are sometimes greater than the recommended maximum values'of 
16 or 18, as prescribed by the Asphalt Institute (38). Similar 
observations were noted by Lilge in a study of possible con
struction uses for incinerator residue, perform~d in 1970 at 
the University of Alberta in Canada (39). 

(37) Hayne..6, J. and Le.dbe.tte.fL, W. B., Op. C-i.t., p. 59. 

(38) A.6phalt In.6t-i.tute.. "The. A.6phalt Handbook.", Manual 
Se.fL-i.e..6 No.4 (MS-4),' Colle.ge. PafLk., MafLyland, July, 1962, 
441 p. 

(39) L-i.lge., E. 0., Op. Cit., p. 24,' 
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The calculation of air voids values in bituminous mix
tures containing incinerator residue involves different pro
cedures' from those normally used in conventional pav'ingmix
tures. In conventional paving mixttires,'calculation of air 
voids is based on the specific gravity values 6f the aggregate 
materials and the paving mixture. ";J:n' order to calculate air 
voids in residue paving mixtures , the 'maximum theoretical ,spe
cific gravity of the ~ix must be determined using ASTMDesig
nation D 2041 (Rice Method). Due ',to the absorptive properties 
of the residue, it is recommended'that complete coating of the 
particles in the mix be assured prior to testing of ,the mix 
using the Rice Method. Amore detailed discussion of the de
termination of specific gravity will be presented in Section 
7.3. e." , 

Some laboratory testing has also been performed" 'on b!itu'
minous base course mixtures using pyrolysis residue. Mar~hall 
tests were perform~dd~ring 1971at the Univer~ity of Missouri
Rolla, on a mixture of '16 percent by weight, sand and stone and 
84 percent by weight of washed 'pyrolysis residue from Monsanto's 
pilot plant in St. Louis, Misso~r i. Maximum stability values' 
exceeded 2000 pounds and flow values were within specification 
ranges. Although the specimens "tested did not f~lly satisfy 
Marshall design criteri,a with respect to" air voids, or" voids in 
mineral aggregate, the report noted that adjustcients in as
phalt content and aggregate particle si?:e gradation should bring 
the ~alues of the voids'within specification limits (40). 

The Baltimore County Department of Public Works'also' evalu
ated bituminous mixtures using "pyrolysis residue. The'material 
used was the "glassy aggregate" portion of the residue from the 
Landgardpyrolysis plant in Baltimore. A base course mixture 
using 40 percent by weight, pyrolysis residue blended with 60 
percent by weight crushed stone was de~igned to meet gradation 
specifications of the Maryland State Roads Commission. This 
mix satisfied ,all Marshall design criteria with asphalt con~ 
tents of 6 and 6.S percent by weight of total mix. A maximu~ 
stability value of 1700 pounds was observed for this mix. On 
the basis of favorable te~t resul~s" the City of Baltimore in
tends to use the"~lassy aggregate" for resurfacing of city 
streets (40). ' 

7.2 PREPARATION OF RESIDUE FOR USE 

Incinerator residue must be sized to meet definite grada-

(40) ZulveJt,' Elliott. 'City oil Baltimofl.e, Vepafl.tmeVlto6 Public. 
WOfl.k~. Pefl.~oVlal Commu~ic.atioVl. 
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tion requirements in order, to be considered acceptable for use 
in bituminous paving mixtures. Although specifications for mix 
gradations vary'somewhat from one state to 'another, certain 
maximum particle size ranges are recommended as guidelines for 
the preparation of the materi~l.' For use in base course or 
binder course mixtures, the maximum particle 'size should not 
exc~ed 1-1/.2 to 2 inches (38.1 to 50.8 mm). For use in wearing 
surface mixtures, the maximum particle size should not exceed 
1/2 to 3/4 ,inch (12.7 to 19.05 mm). 

The techniques ,of materi~l preparation described in Sec
tion 6.2 are equally applicable to the size control of irtdiner
ator residue for use in bitumimous paving mixtures. Probably 
the most economical and efficien't means of achieving gradation 
control of incinerator. residue is through the use of a trommel. 
It the size opening is set at approximately l-i/2 inches (38.1 
mm), much of the ferrous fraction is recovered in the, form of 
cans and oversize metal. As noted in Section 6.2, 'thetrommel 
is more efficient than a vibratory screen and probably involves 
less expense and maintenance than a shredder. 

The removal of ferrous metal from incinerator residue is 
advantageous for two reasons. First, 'the ferrous metal is a 
source of re~enue iri most areas, depending on the marketcon~ 
ditions for scrap ~etal. Secondly, oxidation of ferrous metal 
in the residue adversely affects the adhesion of asphalt to the 
ferrous metal partic les, increases the amount of asphcfl t re
quired for coverage, and could ultimately be detrimental to the 
performance of the paving mixture (41). 

Th~ use of graded incinerator residue as an aggregate in 
wearing surface mixtures should consume approximately:' 50 to 75 
percent by weight of thel'as received u residue*, as shown 'in 
the gradation curve of Figure 9. , If the residue is used as·an 
aggregate in base course mixtures, between 70,and 95 percent,by 
weight of the "as received"residue can probably be utilized . 

. After screening, the reSUlting residue is usually a well 
graded material. The gradation range of incinerator residue 
separated at the 1-1/2 inch (38.1 mm) screen has been shown in 
Figure 13. The gradation range of incinerator residue se~ar~ted 

(47) Walte~, c. Edwa~d. P~e6ident, U~ban Agg~egate6, InQ., 
Baltimo~e, Ma~yland. Pe~6onal CommuniQation. 

c' 

.*Refer to page 29 for an explanation of the meaning of "as received" 
residue. 
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at the 1/2 ll1ch (12.7 nun) screen is shown in Figure 17. These 
figures represent the range of particle size distribution which 
can normally be expected after screening of incinerator residue, 
regardless of the degree of burnout. In general, graded in
cinerator residue should be able to satisfy the gradation re
quirements of most specificatiorisfor bitUminous paving aggre
gate in base course or wearing surface applications. 

Because of inherent lack of p~rticle strength and sub~ 
sequent decomposition of combustible and organic matter, it is 
reconunended that poorly burned residues not be used in bitu
minous paving mixtures. These residues should be aged suffi
ciently to satisfy criteria for intermediately burned residue 
prior to use as paving aggregate. Aging bf incinerator_ ~esidue 
is considered the equivalent of an extended burnout of the ma
terial. Preferably,' residue -used in bi tuminotis mixtures should 
approach the characteristics of well burned material: 

Because of the fine-grained, glassy nature of pyrolysis 
residue, no size separation is needed prior to the use of this 
material. However, because of its uniformity of particle size 
distribution, as shown in Figure 10, pyrolysis residue must be 
properly blended with conventional aggregate materials in order 
to meet gradation requirements for bituminous base course or 
wearing surface mixtures. 

7.3 MIX DESIGN AND LABORATORY TEST PROCEDURES 

The 'design of acceptable paving mixtuies using incinerator 
residue must be determiried on the basis of established design 
parameters, where possible, as well ,as economic considerations. 
Each is important in the d.etermination ofa final mix design. 

Because of the absorptive nature of incinerator residue in 
comparison with conventional aggregate materials, a greater per
centage by weight bf asphalt must be used in mixes containing 
incinerator residue. This-is because some asphalt-is absorbed 
into the residue particles, particularly the finer sizes, there
by increasing-the amount of asphalt needed to attain complete 
coating of the aggregate particles in the mix. The high filler
asphalt ratio in these mixes also stiffens the binder and im
pedes good coating. 

Although the percent~ge of asphalt required in a mix con-
. taining incinerator residue is higher than that of a conventional 

paving ~ix, the specific gravity of the residue paving mix is -
lower. As a result, the .total,amount of asphalt required in each 
mix is comparable. The reason a higher percentage of asphalt is 
needed in a residue paving rni~ is mainly due to asphalt absorp
tion by certain components of the residue. 
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It is important that ,potential users of incinerator resi
due in bituminous paving mixtures be aware that 'the weight
volume relationships of these'mixtures are somewhat different 
from tl.1ose of conventional paving mixture's. Since residue'" , 
paving' mixtures have a lower specific gravity than conventional 
paving mixtures, a given weight of residue mix will provide 
greater ,area coverage than, the same weight of conventional mix. 

As noted in Section 7.1, the best way to reduce the need 
for increased asphalt in ~ixtures containipg "incinerator,resi
due is to blend tpe residue with conventional aggregate. In 
most cases, blending ~f residue with. aggregate also improves 
theen~ineering characteristics of the mix. Walterst~died the 
relationship between optimum asphalt content and percentag.e by . 
weight 6f incinerator residue to the total aggregate in the mix, 
and determined that the optimum asphalt, content decreased as 
the percentage of residue was reduced. He conc.1uded that :t:he 
most economical mix should have been between 40 and 55 percen't 
by weight of residue (42). For practical purposes, it is rec-. 
ommended that, in all, base course and wearing surface mixtures 
using incinerator residue, the residue comprise no mOre than 
50 percent by weight of thetotai aggregate in the mix. 

The gradation of bituminous mixtures containing incinerator 
residue is equally as important ~s the.gradation of conventional 
mixtures. The gradation of oven-dried incinerator residue must 
be carefully determined using a sufficient number of samples to 
be representative .of the' material. When designing the gradati'on 
of the final mix~ the gradation limits of a desired conventional 

'mix can be used, in accordance with local specifications.' 

The choice of the aggregate or aggregates to be used in 
blending with the residue is a function of the desired mix grada
tion a~d the observed gradation of the residue. Whenever pos~i
ble, a mix should be designed in which the gradation represents 
approximately the middle of the desired gradation range. Initial 
mix design determinations should be based on 50 percent by weight 
of the total aggregate in the mix being incin~~ator residue. 
Initial mix gradation can be checked using control sieves after 
blending the components. Control sieves are recommended to be 
1/2 inch (12.7 mm), 8 mesh, and 200 mesh sizes. However, when 
preparing specimens for final mix design evaluation, the mate
rial~ should be separated and reconstituted on each sieve frac
tion. 

Once the desired gradati.on of the incinerator residue mix 

(42 J Wa..tte.lL, C, EdwalLd, "PILa.C.t-iC.a..t Re.6u.6 e. Re.c.yc..t-in.g ", ] OUILn.a..t 
06 the. En.v-ilLon.me.~ta..t En.g-in.e.e.IL-in.g V-iv-i.6-ion., Ame.IL-ic.a.n. 
Soc.-ie.ty 06 C-i0-i.t En.g-in.e.e.IL.6, Fe.blLua.!ty, 1976, PP,' 139-148. 
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has been determined, it is then necessary to design the mix to 
determine its optimum asphalt content.' In selecting,the opti
mum asphalt content, 'due consideration must be given to'the 
stabilit~, flow, air voids, density, and workability character-
istics of the mix. " 

At the present time, there are'three asphalt mix design 
methods used in the United States. These are the Marshall 
(ASTM Designation D 1559, Resistance to Plastic Flow'of'Bitu
minous Mixtures Using Marshall Apparatus); the Hveem (ASTM 
Designation D 1560, Resistartce to Deformation and Cohesion of 
Bituminous Mixtures by Means of Hveem Apparatus); and the: 
Hubbard-Field (ASTM Designation D 1138).' As previousty noted, 
the majority of states have adopted the' Marshall mix design 
method. Furthermore, the greatest amount of data pertaining to 
bituminous, mixtures containing incinerator residue has been de~ 
veloped using the Marshall mix design method. Therefore, dis
cussion of mix design procedures will focus mainlyori this meth
od. 

Marshall test specimens are prepared by cOlnpaction into 
molds 4 inches (101.6 rnm) in diameter by 2.5 inches (63.5 rnm) 
in height, in accordance with Marshall mix design compaction 
procedures. A separate mix design must be developed for each 
aggregate type used or each variation in the arnount,of residue 
used. All test specimens should receive 50 compaction blows on' 
each side of the spec imen, unless otherwise specified'. * Each 
specimen must be accu~ately measured before testing 'arid an ap-' 
propriate correction f~ttor used if the height of the specimen 
deviates from the 2.5 inch (63.5rnm) requirement. The compacted 
specimens are immersed in a heated water bath for 30 minutes and 
then removed and tested in the Marshall apparatus to measure 
stability and flow values. Voids values must be determined by 
calculations based on specific gravity measurements of the con~ 
stituentsand on the compacted plugs . ,. 

The optimum asphalt content is determined from the Marshall 
mix design method in accordance with the following criteria: 

Minimum Stability (lbs)* 

Flow (. 01 in) * 

Air Voids (percent) 

,Base 
Course 

500 

8-18 

3-8 

Binder Wearing 
Course Surface 

1000 1200 

6-16 6-16 

3-5 3-5 

*A -pound' force; equa 1 s 4: 448' newtons and 1· inch: equa 1 s' 25; 4 ,. mi llunetres. 

*The number of compaction blows is a function'of the design traf
fic and end use of the material. For heavy traffi~, 75 blows 
are required. 
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Additional Marshall design criteria specified for deter
mination of optimum asphalt content include voids in mineral 
aggregate (VMA) and voids filled with asphalt (VFA). Because 
of the difficulties normally encountered in accurately comput
ing the value of air voids in residue paving mixes, limits for 
values of VMA and VFA have not been included in the mix design 
criteria for such mixtures. However, optimum asphalt content 
for residue paving mixes should also be determined on the basis 
of complete coating of all aggregate particles by the asphalt 
binder. 

The range of asphalt content for mixtures using incinerator 
residue will vary based on the composition and degree of burnout 
of the residue, the nature of the aggregate(s) used, and the de
sired gradation of the mix. The objective of determining the 
optimum asphalt content is to select the percentage of asphalt 
which produces a mix capable of satisfying the above criteria, 
while sufficiently coating the aggregate particles with asphalt. 
The most economical mix is determined by the lowest asphalt con
tent which satisfies these requirements. As a general rule, the 
optimum asphalt content for residue mixes will probably be some
where between S.,and 8 percent by weight of aggregate for base ' 
courses and binder courses, and between 6 and 9 percent for 
wearing course mixtures, as noted in Section 7.1. 

The most difficult design parameter to accurately determine 
when evaluating paving mixtures containing incinerator residue 
is tha percentage of air voids in the mixture. Due to the ab
sorptive nature of the incinerator residue in these paving mix
tures, it is necessary to determine the max.imum theoretical spe
cific gravity of the paving mix by means of the Rice Method 
(ASTM Designation D 2041) in order to compute the percentage of 
air voids. Because of the difficulty in determining when the 
material has reached a saturated surface-dry condition, a mod
ified "dry-back" method using wet bulb and dry bulb thermometers 
is recommended. The test procedure is performed as follows: 

The saturated material is spread evenly with a fan provid
ing a current of moving air over the surface. A thermometer is 
hung above the material at a predetermined position. After the 
air temperature is noted, the thermometer is placed into the 
saturated material, removed, and placed at. its original position. 
As the moisture on the bulb is removed through evaporation, the 
temperature is depressed, and the difference between the air 
temperature reading (dry bulb) and the moistened thermometer 
(wet bulb) is noted. The procedure is then repeated until the 
last noted difference in temperatures is one-half the originally 
noted difference. When this occurs, the material being tested 
is considered to be in a saturated surface-dry condition. . 
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This procedure, based ona concept suggested by Rice (43), has proven 
to be the most reliable for determining the water absorption and 
apparent specific gravity of a sample of incinerator residue. Although 
the absorption of asphalt binder is less than that of water the use 
of !his p~oced~re for bituminous mixtures containingincine;ator 
re~ldue.wlll Yleld corre~ted maximum theoretical specific gravity values 
WhlCh wlll normally permlt the calculation of reasonable air voids 
values. It is recommended that the apparent specific gravity value 
determined from this "dry-back" procedure be used in the computation 
of air voids in the paving mix. . 

The workability and coatability of bituminous mixtures con
taining incinerator residue is more critical than for conven
tional mixes because of the degree of asphalt absorption by the 
residue. Depending on the gradation of the mix, complete coating 
of aggregate particles may not be visually evident until the as
phalt content reaches a value of 7 or 8 percent by weight of to
tal aggregate in the mix. The optimum asphalt content must be 
determined in accordance with Marshall design criteria, but must 
also be based on complete coating of the aggregate particles for 
wearing surface and binder course mixes and at least 95 percent 
coating for base course mixes. The degree of particle coating 
can be determined by the Ross count method (ASTM D 2489). 

For wearing surface and, binder course mixtures, the anti
stripping characteristics of the mix are quite important. This 
is particularly true since nearly 50 percent of the residue is 
composed of glassy particles with smooth surfaces, offering 
very little adhesion for the asphalt binder. To improve this 
condition, the addition of up to 2 percent by weight of hydrated 
lime to the aggregate has been found to be quite effective in 
improving asphalt adhesion (44). Hydrated lime may be added to 
the mix in one of two ways. It can be applied to the residue 
stockpile in a slurry fo~ or added directly to the mix in the 
pugmill as dry powder. In either case, the final mix gradation 
should be modified to account for the introduction of the addi
tional fines from the hydrated lime. 

In order to evaluate the anti-stripping characteristics of 
wearing surface and binder course mixtures, the immersion-

(43) RiQe, Jame~ M., U. S. Vepa~tment 06 T~an~po~tation, 
Fede~al Highway Admini~t~ation, Fai~bank~ Highway Re~ea~Qh 
Labo~ato~y, McLean, Vi~ginia. Pe~~onal CommuniQation. 

(44) Mali~Qh, Wa~d R., Unlve~~lty 06 Ml~~ou~l-Rolla~ Civil 
Enginee~lng Vepa~tment, Rolla, Ml~~ou~i. Pe~~onal 
Com mu I'U. Q au 0 n ~ 
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compression test (ASTM Designation D 1075) is recommended. 
This test provides an index of the retained strength of a bi
tuminous mixture, i.e., a measure of the relative gain or loss 
in strength of the ,compacted mix after immersion in water com
pared-to the. strength of the original mix. Compacted specimens 
are immersed in a water bath either- at 140 0 F (60 0 C) for a 
period of 24 hours, or at 120 0 F (49 0 C) for a period of 3 days. 
Strength measurements are performed on triplicate specimens in 
accordance with the procedures described in ASTM Designation 
D 1074, Compressive Strength of Bituminous Mixtures. 

The index of retained strength is calculated as follows: 

S2 
Index of retained strength = x 100 

Sl 

where Sl = average compressive strength of dry specimens 

S2 = average compressive strength of immersed specimens" 

The immersion-compression test can be performed on labora
tory specimens of incinerator residue mixes prepared at optimum 
asphalt content, and on laboratory compacted material taken from 
the field during mixing or placement. The index of retained 
strength i.s recommended to be a minimum of 70 percent in order 
to consider a design mixture suitable for placement in a wearing 
surface or binder course. 

In summary, the design of bituminous mixtures using inciner
ator residue involves determination of the mix gradation by 
blending with convention~l aggregate(~) and selection of the op
timum asphalt content by means of an approved mix design method~ 
The proper coating of the aggregate particles and the evaluation 
of the retained strength of the mixture must also be considered 
when deciding on the optimum asphalt content. The addition of 
hydrated lime is recominended in order to 'improve asphaltadhe
sion and the anti-stri~ping properties of the paving mixture~. 

7.4 _CONSTRUCTION PROCEDURES 

7,4.1 PLANT MIXING 

The mixing and placing of bituminous paving mixtures con
taining incinerator residue can be accomplished using the same 
methods and equipment presently employed in the asphalt paving 
industry .. There are, however, some material preparation and 
handling considerations with which users of incinerator residue 
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should be aware. 

Only well burned or intermediately burned residue should 
be used in a paving mixture. The loss on ignition of the resi
d~e should not exceed a value of 10 percent. Sufficient sam
pIing and testing should be conducted to verify the average 
loss on ignition value. The residue should also be stockpiled 
and drained prior to use so that it has a moisture content of 
20 percent or less. 

The use of poorly burned residue results in high absorp
tion and greater asph~lt requirements, relatively low sta
bility values, low mix density, and possible particle degrada
tion under loading. Poorly burned residue should be stock
piled, aged, and re-evaluated prior to its ap~roval for use in 
bituminous paving mixtures. 

The loss on ignition of the residue is significantly re
duced when passing the material through the aggregate drier at 
the asphalt plant. However; the drying of incinerator residue 
may result in considerable dust generation at the plant. This 
is a major consideration and proper steps must be taken to min
imize the dusting associated with the drying of residue. _ 

It is important to handle the residue so that proper grada
tion and moisture control can be maintained while minimizing 
dust generation at the plant. The use of screens, trommels, 
and/or magnetic separation equipment to achieve maximum parti
cle size has already been discussed. Once properly graded- resi
due has been delivered to the site at the asphalt plant, it 
should be stockpiled in its "as received" condition until it is 
ready for use. 

If the residue is stockpiled in its nas received" condiJtion, 
moisture will drain from the stockpile and the moisture content 
will eventually be reduced to the 15 to 2~ percent range. At 
thia moisture content, it should be dry eriough to handle easily 
without dusting. However, more heat energy will be required to 
dry out the residue than is normally required for the drying of 
conventional aggregates. Therefore, additional drying time will 
be required and the capacity of the plant wiil be somewhat re
duced. 

Although proper material preparation will reduce the dust 
produced at the plant, some dust generation will still occur 
during the drying of the residue. The dust that is collected 
during drying should be returned to the pugmill during the . 
mixing operation in order to prevent loss of fine material in 
the mix. Most asphalt plants are now equipped with dust collec
tion facilitie~ which permit the return of particulates to the 
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pugmill. However, if fines are returned to the pugmill with
out metering, these fines may not be introduced in controlled 
amounts, but fed in clumps. Nevertheless, it has been deter
mined that dust collected during drying of the residue is not 
injurious to bag ,filters of dust collection facilities. 

When residue is stored in the cold bins, its moisture con
tent and absorbent properties sometimes cause the material to 
gain a certain amount of cohesion, resulting in a "clumping" 
effect. To combat this, the residue should be fed from cold 
bins equipped with vibrating devices, whenever possible, to re
duce or prevent this "clumping" of the material and assure prop-
'er feeding. It is important that the residue be properly sized 
before being placed in the cold bin in order to prevent clogging 
of the feed gates by oversize material in the residue. 

As noted previously, the addition of hydrated lime in 
amounts of approximately 2 percent by weight of total mix is 
suggested to reduce or prevent asphalt stripping from the glass 
particles in the residue. Hydrated lime can be a~ded at the as
phalt plant either by using the mineral dust feed system or by 
dumping from bags directly into the pugmill. Since the latter 
method does not permit precise metering of the lime content, it 
is recommended that the lime be added at the pugmill in even 
bag multiples. For example, if the pugmill has a 2000 pound(9007 kg) 
mixing capacity, 2 percent of the total mix would be 40 pounds(18 kg) 
Since lime is normally packed in 5.0 pound (23 kg) bags, one bag of 1 ime 
should be dumped into the pugrnill for each mixing cycle .. This 
would represent a lime content pf 2.5 percent. There should be 
a mixing time of at least I minute in the pugmill to allow for 
the complete mixing of the incinerator residue, conventional 
aggregate, asphalt, and hydrated lime. 

The initial batch of incinerator residue mixed at the plant 
should be closely examined visually to determine whether any ad
justment is needed in the asphalt content of the mix. In par
ticular, the mix should be inspected to determine whether there 
are any uncoated or partially coated particles. It is espe
ciallyimportant to make sure that the glass particles are all 
well coated with asphalt. If the mix is properly coated, it 
should have a slightly shiny appearance and there should be some 
cohesion between coated aggregate particles. However, the mix 
should not appear too wet. This indicates excessive asphalt, 
which will eventually result in bleeding of the pavement during 
warm weather. 

Since each pugmill has its own characteristics, which are 
a function of screen efficiency and overall plant operation, a 
word of caution,is added about the use of a.design mix con
taining incinerator residue as absolutely indicative of the ' 
final job mix at the plant. It is recommended instead that 
the design mix data be used to mix a pilot batch at the plant. 
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This pilot batch can then be evaluated in the laboratory to 
compare its gradation, asphalt content, and mix design values 
with the original laboratory design data. Variations between 
laboratory and plant mix data would indicate what, if any, ad
justments need to be made to the final mix design at the plant. 

It has been observed that the percentage of asphalt re
quired to attain complete particle coating at the. plant is 
often 1.0 to 2.0 percent lower, by weight of total aggregate, 
than the optimum asphalt content determined. in the laboratory. 
This is because a substantial proportion of the fines consist of 
organic and combustible particles which are burned off during 
the drying process. Therefore, the j.ob-mix formula must be re
duced accordingly to compensate for less surface area to be 
coated. 

Another cautionary note "is ~onsidered necessary with re
spect to determination of the asphalt content of the job mix . 

. In the laboratory the asphalt content is often expressed in 
terms of percent by weight of total aggregate in the mix. How
ever, the asphalt content in the plant is normally expressed as 
a percentage of the total mix. Therefore, the particular means 
of expressing the asphalt content must be deter~ined and appro
priate adjustments made as necessary . 

. The temperature of' the pav·ing mix as it leaves the pugmill 
is to some degree a function of the type and grade of asphaltic 
binder maierial used in the mix. In general, for most mixes 
using asphalt cement,the temperature of the mix as it leaves 
the plant should range from 280° F (l38°C) to 310° F (lSSOC). 
Covered and/or insulated trucks should be used to retain the 
temperature of the mix for haul distances over several miles. 

7.4.2 SPREADING AND COMPACTION 

Procedures to be followed in the placement of paving mix
tures cont.aining incinerator residue are basically the same as 
those used for conve"ntional paving mixtures. The" air tempera
ture during spreading and compaction of bituminous mixtures 
should be at least 40° F (4° C) and rising. The temperature of 
the residue paving mix during placement should be between 27So F 
(13S0 C) and 300° F (149° C) in order to obtain the proper work
ability of the mi~. Under no circumstances should the paving ma
ter{al be placed during rainy weather. 

Prior to placement of the' mix, ~the subgrade or base surface 
should be p~rirried topermi t some"' adhesion between the. surfaces. 
In the case of an overlay, the existing pavement should receive 
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a tack coat to help seal cracks and bond the overlay to the ex
isting surface. 

Plant mixes containing incinera't:or residue can be placed 
using a paving machine, a spreader box, .. or even by hand.on small 
jobs. The handling of these mixes should not be noticeably dif
ferent from that of conventional paving mixes. It is important 
that a uniform thickness of the paving material be attained 
during the spreading operation. 

Although incinerator residue.mixes have a slightlY'-lower 
unit weight· than conventional mixes, it is still essential that 
the'proper mix density be obtained in the field. The material·· 
should be rolled immediately after spreading, but no .more than" 
five minutes after the mix has been placed. At least two ten-" 
ton rollers ~hould be required on the site at all times. A" 
three wheeled roller or tandem roller should be used as the'· 
breakdown roller. The second rolling can be made bya pneu
matic roller or a tandem roller. The fina+ pavement density ; 
should be an average of 95 percent of Marshall compacted density 
for base courses and 98 percent for wearing surfaces (45). The 
surface of the mix should be closely examined during·rolling.to' 
make sure that there are no surface irregularities. 

'.; -,' 

~ f , 

,r, 
. c-,' 

.' . 

(45t": A~phalt 1~~titute. "Speci6ication~ and Con~t~uction Meth
od~ 6o~ A~ph~lt eonc~ete", Speci6ieation Se~ie~ No. :1" 
(55-1); Colle.ge Pa.~k,Ma~!fland; June, 1964, 108 p~' 
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8.' SUMMARY OF S.ITUATIO~S FAVORABLE AND UNFAVORABLE TO THE . 
. UTILIZATION .OF INCINERATOR RESIDUE IN HIGHWAY CONSTRUCTION 

, -' . 

A review~f,the precedirigchapters:of this publication pro-
vides evidence that it is definitely feasible to .utilize munic
ipal incinerator residue in highway construction. .Although the 
material.has not as ·yet,been widely used forthisp~rpose, there 
are many examples of its successful application in structural . 
fills, stabilized base.courses, and bituminous paving mixtures. 
In view of favorable data whi~h has. been developed from exten
sive . laboratory investigations , ,as' well as a number .of success~ 
ful field installations, the incorporation of. incinerator resi
due into. bituminous paving mixtures now appears to be the most 
promising means of'utilizing the material in.highway construc-
tion.) , . 

. However, potential users of incinerator resid~emust be, . 
cautioned that .the material should definitely not be considered 
for use in portland cement concrete.mixtures. 'In addition to 
the inherent strength limitations of the residue itself, it does 
contain a certain percentage of free aluminum, which, although 
it is a minor component of the residue (approximately 2 to 4 
percent by weight), is responsible for detrimental chemical re
actions in these mixtures. Specifically, the free aluminum in 
the residue reacts with the cement during hydration, resulting 
in the formation of hydrogen .gas. The gaseous hydrogen rises 
through the mixture in the form of bubbles, resulting in signif
icant volume expansion and accompanying reductions in compres
sive strength. 

In general, the circumstances which are most favorable for 
the utilization of municipal incinerator residues are: 

I - Comparatively high cost of residue disposal. This may also 
be accompanied by pressure from envirorunental regulatory 
agencies for more envirorunentally acceptable means of resi
due disposal. 

2 - An efficient, well operated incinerator plant'which produces 
a well burned or intermediately burned residue in relatively 
large quantities .. This type of material is most readily 
useable for construction purposes. 

3 - The ability of the incinerator plant to meet br exceed ap-
plicableair arid water '·pollution standards. Normally,' this 
requires the c installati6nof expensi~e- pollution control 
systems. ,;1f such equipment.hc?-s been cins.talled, . it can gen-_ 
erally. be interpreted as a long-term committment on the 
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part of the municipality to the continued use of inciner~ 
ation in solid ~aste d~sposal. 

4 - Available equipment used for the processing of residue. 
The existence of equipment such as screens, trommels, or 
magnetic separators is a necessary first step for the prep
aration of incinerator residue prior to its use in highway 
construction. 

5 - The existence of favorable market conditions for materials 
recovered from incinerator residue. This applies primar
ily to ferrous metal, although other components of munic
ipal solid waste, such as glass and aluminum, may be sepa
rated from the refuse prior to incineration. 

6 - High cost or, scarcity of aggregate materials for paving. 
This may be of particular significance if the municipality 
has the capability of producing its own paving material and 
employs its own personnel for paving installation. 

There are also a number of circumstances or situations which 
are not favorable for the use of incinerator residue. Among 
these situations are the fOllowing: 

I - The u~e of batch-type incinerators, many of w~ich are bf low 
capacity, produce a poorly burned residue, are outmoded, and 
are unable to meet current air and water pollution standards. 

2 - The necessi,ty for the installation of costly pollution abate
ment equipment. Most municipalities are unable to economi
cally justify the high cost of such equipment unless the in
cinerator plant in questio~ is a modern, well operated, high 
volume operation. 

3 - Readily available disposal ~ites located adjacent to or with
in close proximity of the incinerator plant. If there is 
ad~quate landfill space for the foreseeable future and the 
disposal of residue is acceptable at such sites, it may then 
be more economically attractive to dispose of the residue 
rather than attempt to utilize it. 

4 - Lack of equipment for processing of residue. Unless such 
equipment can be obtained in used condition, its purchase 
and installation could represent a significant capital ex
penditure to a municipality. 

Present concerns for the development of alternative energy 
sources and the conservation of non-renewable resources have 
already begun to influence solid waste management systems. The 
technology is already available and in use for the recovery of 
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materials and energy from solid waste, as well as the applica
tion of refuse-derived fuel for conversion into electricity. 
In urban centers of the country, future treatment of solid 
waste will probably involve a variety of such solutions, each 
geared to the specific needs and conditions of the particular 
corrununity it is designed to serve. 

Although such new systems (or combinations of systems) may 
be alternatives to conventional' incineration or landfilling, it 
is felt that, in mos t populated areas, .. incineration mus t be. part 
of the overall solution to solid waste disposal. In this way, 
desired volume reduction can be achieved. However, the refuse 
should be prepared prior to incineration so that valuable mate
rials can ,be extracted from the solid waste and the heating 
value of the refuse can be increased. This will provide oppor
tu,nity for optimum control of incineration and the recovery of 
energy in some form from the burning of the solid waste (46). 

Such new developments in the incineration of municipa:l ref
use should certainly offer increased opportunities for the uti
lization of the resultant residues. It is expected that resi
dues from newly designed recovery-type incineration processes 
will be of a higher quality than most of the residues from con~ 
ventional incinerator plants. Therefore, utilization of pres
ently available residues will not only' advance th'e state-of-the
art of incinerator residue usage, but will also create the proper 
environment for timely utilization of improved residue materials 
as they become available. It will be necessary, however, to 
develop essential technical information for such materials in 
conjunction with their experimental use, in the same manner 
that information for residues from conventional incineration 
processes, was developed for this publication. 

(46] Fe.Jtnande.-6, J. H. and She.nk., R. C., "The. Plac.e. 06 Inc.in-
e.Jtation in Re.-6ouJtc.e. Re.c.ove.JtIj on Solid W.a-6te.". 111. PJto-
c.e.e.ding-6 i 1974 rJational Inc.ine.JtatoJt Con6e.Jte.nc.e.i Ame.Jt-<..c.an 
Soc.J..e.tlj on Me.c.hanic.al Engine.e.Jt-6ifJe.w YoJtk., N. Y., 1974, 
pp.a-9. '. 

- 81 -



9. ApPENDtxA ~ REcoMM~NnEDT~sT PROCEDURE FOR 
DETERMINING Loss ON IGNITION' (LO!) OF IN
CINERATO~ R~SIDUE SAMPLES 

The following procedure for'determination of loss on igni
tion (LOI) of incinerator residue samples is based on laboratory 
procedures developed by the 'U. :S. Environmental Protection Agericy 
(EPA) for determining percent ash and percent weight loss'of sol
id wastes on heating~ , The~PA procedures have been' slightly mod
ified so they may be applied only to incinerator,reSidue~ 

EQUIPMENT REQUIRED 

The following equipment is needed to run this test: 

1 - Analytical balance, wi th-O.l mg readability. 

.' I" 

2 - Crucibles, Coors porcelain, ~inimum 100 cil.size, with lids~ 

3 Dessicator, large size, either Pyrex or Stairiless steel~ 

4 - Fu~h~ce, muffle, with indic~t~ng pyrb~eter and temp~rature 
controller. 

5 Gloves, asbe~tos. 

6 - r,1ats, asbestos 'board, 12" by 12" by 1/8 11 (305 ~ by 305 mm by 3.2 rrm) thick. 

7 - Oven, drying, c~pable of maintaining temperature~~p to 
1100,C. 

8 - Potentiometer,' direct reading, capable 'of re'ading temper
atures ranging from 0 0 up to' 1000 0 C.' 

9 - Spatula, Fischer No. 14-357. 
! . . 

10 - Tongs, crucible, Fischer No~ 15-208~ 

SAMPLE PREPARATION 

A. representative sample ,of approximat'ely 1000, grains of in
cinerator residue' shall be' obtained and dried 'in an oven toa 
constant weight 'at' a' temperature' of 100 0 to 105 0 'C (212 0 to " 
221 0 F). Prior'to sampling, all oversize material (greater than 
2 inches or approximately 50 mm) shall be removed. The dried 
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sample shall be divided by quartering or by means of a sample 
splitter so that approximately 200 to 250 grams.of dried sample 
are separated and available for testing. 

The particle size of the separated sample shall be reduced 
by initially screening this sample through a 40 mesh (0.420 rnm) 
sieve and retaining the material passing through the 40 mesh 
sieve. The material ~etained on the 40 mesh sieve shall. be fur
ther reduced in size using a harnmerrnill, crusher, pulverizer, or 
laboratory mill .. The screened and ground materi~ls ,shall be .' 
th6roughly mixed and then re~ried for 2 hours ,at the previously 
specified temperature range. Following final drying, three sam
ples, each approximately 50 grams, shall be taken from the 
screened and ground .material for testing. 

TEST PROCEDURE 

Place each of the 50 gram samples into a 100 ml Coors por
celain crucible (with lid}. Weigh each.of these containers. on 
the analytical balance and record the weight to the nearest .0001 
of.a. gram. Transfer the covered crucibles (with lids) to a cool 
muffle furnace. Carefully tilt each crucible lid at an angle 
sufficiently large ,to insure air circulation over the sample .. 

Gradually raise the temperature of the I'!1uffle. furnace to 
600 0 C (1112 0 F) over an approximate 30 minute period. Muffle 
the crucibles and samples for a period of 1 hour at 600 0 C 
(1112 0 F). At the end of 1 hour, turn off the furnace and, im- -
mediately transfer first a lid, then its corresponding crucible, 
to.a stack of at least three asbestos mats. Recover each cru
cible immediately and repeat until all crucibles and samples are 
removed from the furnace. Allow ,the covered crucibles to cool 
for 3 to 5 minutes, then transfer to a dessicator. After each 
crucible, lid, and sample have cooled to room temperature, weigh 
them on, the analytical balance and record to' the nearest .DOOI 
gram. Calculate initial and final sample weights aml percent 
weight loss. 

After weighing, once again transfer the covered crucibles 
(with lids) into the muffle furnace,. making sure to tilt each 
crucible lid as before. Gradually raise the temperature of the 
muffle furnace to 950 0 C (1742 0 F) over an approximate 45 minute 
period. Muffle the crucibles and samples for a period ,of 1 hour 
at 950 0 C (1742 0 F). At the end of 1 hour, turn off the furnace 
and repeat the previously described procedures for removal and 
cooling of crucibles and .lids •. After each cru.cible, lid, and 
sample have cooled to room, temperature', weigh them on the analyt
ical balance and record to,.the nearest . .DOOI gram.. Calculate'-. 

( 
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final sample weights and percent weight loss. 

CALCULATIONS 

are 
Initial and final sample weights and percent weight loss 

calculated as follows: 

Initial sample weight (grams) 
! . . 

Final sample weight at 600 0 C (grams) 

Final sample weight at 950 0 C (grams) 

Weight loss on ignition at 600 0 C (grams) 

Weight loss on ignition at 950 0 C (grams) 

Percent loss on ignition at 600 0 C 

Percent loss on ignition at 950 0 C 

= 

= 

= 

= 

= 

= 

= 

B-A 

C-A 

O-A 

B-C 

B-O 

100(B-C) 
(B-A) 

100(B-0) 
(B-A) 

where: 

A = initial weight of crucible and lid (grams) 

B = initial weight of crucible, lid, and sample (grams) 

C = final weight of crucible, lid, and sample (grams) 
after heating to 600 0 C and cooling in dessicator 

o = final weight of crucible, lid, and sample' (grams) 
after heating to 950 0 C and cooling in dessicator 

REPORT 

~ 

Although the percent loss on ignition of each sample is cal
culated after heating to 600 0 C and 950 0 C, the actual loss on 
ignition (LOI) value of the original sample of incinerator resi
due shall be reported as the average percent loss of the three 
test samples after heating to 950 0 C, unless otherwise specified. 
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10. ApPENDIX B - RECOMMENDED TEST PROCEDURES FOR 
DETERMINING PHYSICAL COMPOSITION OF INCIN
ERATOR RESIDUE SAMPLES 

The analytical methods outlined in this appendix are similar 
to those reported by the U. S. Bureau of Mines in a 1968 study 
entitled "Composition and Characteristics of Municipal Inciner
ator Residues" (U. S. Bureau of Mines Report of Investigations 
No. 7204, December, 1968). These techniques were also employed 
in a study for the Federal Highway Administration entitled 
"Technology for Use of Incinerator Residue as Highway Material," 
and are summarized as part of report number FHWA-RD-

SAMPLING OF INCINERATOR RESIDUE 

The proper sampling of incinerator residue is an important 
initial step in the proper evaluation of this material. Sampling 
of freshly burned incinerat~r residue should be performed on a 
regular basis (preferably at least monthly) in order to account 
for seasonal and operational variations. When sampling, a typi
cal day's output should be obtained. It is recommended that one 
or more 55 gallon drum samples be obtained at least once during 
every eight hour shift, or more frequently if there is a notice
able change in operating conditions. If sampling cannot be done 
at the discharge chute, then freshly dumped residue should be 
sampled. 

Each time a sample of residue is Obtained, the temperature 
at the grate corresponding to time of sampling should be recorded. 
Other significant observations (bed height on grate, physical ap
pearance of residue, fluctuations in grate temperature, etc.) 
should also be noted as necessary. It is recommended that the 
maximum particle size of the residue obtained during sampling be 
limited to material smaller than 3 inches (76.2 mm) on a side by 
means of a portable screen. 

PHYSICAL COMPOSITION 

A representative sample of incinerator residue should be 
prepared from "55 gallon drum samplings by evenly spreading out 
the material from the drums and quartering to obtain a sample 
which is approximately 50 pounds (110 kilograms) dry weight. 
Prior to determining the physical composition of a representative 
sample of incinerator residue, random small samples should be 
taken for moisture content and wet density determination. 
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The 50 pound sample shall be weighed, oven dried, reweighed, 
and then screened on a 10 mesh sieve. The material retained on 
the 10 mesh sieve shall be weighed and separated by hand into 
the following components: 

1 - Glass 

2 - Ferrous metal 

3 - Non-ferrous metal' 

4 Combustibles (paper, wood, organics) 

5 - Mineral matter (stones, sand, ceramics, ash) 

Because of the uniform visual 'appearance of incinerator 
residue in the finer sizes (-10 mesh), the physical composition 
of the material passing the 10 mesh sieve must be determined 
chemically. The amount ot" material passing the 10 mesh sieye 
must first be weighed, and then ground to -100 mesh.' The' five 
principal components noted above can then be determined chemi-, 
cally by the following means: , 

1 - Glass - Since glass i~ approximately 70 percent ~ilica,the 
silica in the finer fraction of the residue can be 
identified by means of gravimetric determination, . 
including sodium carbonate fusion. The silica can 
then be converted,to percent glass by multiplying 
by a factor of 1.43. ' 

2 - Ferrous metal - The.percentage of iron found in the finer 
fraction of the residue can be determined by volu
metric chemical analysis. 

3 - Non-ferrous metal - The overwhelming majority of non-ferrous 
metal found 'in incinerator residue is aluminum, with 
a much smaller percentage of copper. Trace amounts 
of other metals may also exist and thesewill'be dis
cussed in gieatei detail. To determine the total 
alumina (A1203) content, gravimetric analysis is 
used. It is possible that some of the total alumina 
(A1203) may be present in glass and ceramics. There 
is a-t this time no reliable method for determining 
free aluminum (AI) in the finer fraction. Copper can 
be identified by atomic absorption. 

4 - Combustibles - The amount of combuptible and organic matter 
present in the fine fraction of a sample of inciner
ator residue can be determined by means of the loss 
on ignition (LOl) test, described in the preceding 
appendix. 
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5 - Mineral matter -The amount of mineral matter can be deter
mined by ,adding fhe p~rcentages of the preceding 
four components and deducting the total from 1,00 
percent. The remainder represents the per~entage of 
the finer fraction of the sample that is co~posed of 
mineral matter. 

In order to determine the physical composition of the ,total 
sample of incinerator residue, the results of hand separation of 
the coarse (+10 mesh) fraction must be combined with the results 
of chemical analyses of the fine (-10 mesh) fracti6n. These re
sults must be combined proportionally according to the relative 
weight of each fraction to ,the total sample. 

PRESENCE OF HAZARDOUS SUBSTANCES 

, The presence of hazardous or potentially hazardous sub
stances must also be determined during a laboratory evaluation 
of a sample of incinerator residue. Those substances 6f main 
concern are the toxic heavy metals, such as cadmium, chromiUm,' 
lead, mercury, and zinc. Other trace elements which must also 
be identified are arsenic and selenium. 

The potential for leaching of these substances is greater 
in the finer sizes (-10 mesh). Therefore, it is recommended 
that the portion of the sample passing the 10 mesh screen be 
used for evaluating the presence of hazardous substances. 

Atomic absorption analysis shall be used in identifying the 
presence of cadmium, chromium, lead, mercury, selenium, and zinc. 
The presence of arsenic is determined by,colorimetric analysis of 
the arsine reaction with die~hyldithiocarbonate. 

Since,these substances are trace elements, they will most 
probably be found in extremely Ibw percentages in incinerator 
residue. The percentage of lead or zinc ~hould not exceed 1 per
cent. The percentage of each of the other trace elements noted 
abo~eshould not exceed 0.1 percent. 

If these percentages are exceeded, a leachate analysis 
should be performed, employing an applicable method of leachate 
testing. The leach~te should then be evaluated by means of 
atomic absorption analysis and the results should be compared 
with U. S. Public Health Service drinking water standards. 
Values of trace elements in the leachate which occur in percent
ages which exceed the drinking water standards are' indicative of 
apotenti~l health and safety hazard, and should be more closely 
investigated. 
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III 

lFlEDlERAlLlL 1{ (1)[J)~lRDllNATlED PROGRAM OF lHlllGlHlWA 1{ 

lRlE§lEAlRClHl AND DEVlElLOPMlENT (lFCP) 

The Offices of Research and Development of the 
Federal Highway Administration are responsible 
for a broad program of research with resources 
including its own staff, contract programs, and a 
Federal·Aid program which is conducted by or 
through the State highway departments and which 
also finances the National Cooperative Highway 
Research Program managed by the Transportation 
Research Board. The Federally Coordinated Pro· 
gram of Highway Research and Development 
(FCP) is a carefully selected group of projects 
aimed at urgent, national problems, which concen· 
trates these resources on these problems to obtain 
timely solutions. Virtually all of the available 
funds and staff resources are a part of the FCP. 
together with as much of the Federal·aid research 
funds of the States and the NCHRP resources as 
the States agree to devote to these projects:'" 

!FOP Category Descriptions 

:1. ][mproved! lHIighway Design aIli1d Opera-. 
HOIli1 for Safety 

Safety R&D addresses problems connected with 
the re9ponsibilities of the Federal Highway 
Administration under the Highway Safety Act 
and includes investigation of appropriate design 
standards, roadsidf' hardware, signing, and 
physical and scientific data for the formulation 
of improved safety regulations. 

2. Red.UlldioIli1 of Traffic COIli1gestion. and 
][mproved Operational Efficien.cy 

Traffic R&D is concerned with increasing the 
operational efficiency of existing highways by 
advancing technology, by improving designs for 
eXlstmg as well as new facilities, and by keep· 
ing the demand· capacity relationship in better 
balance through traffic management techniques 
such as bus and carpool preferential treatment. 
motorist information, and rerouting of traffic. 

4 

• Tbe complete 7·,·olume official statement of tbe FCP is 
an'ilable f,om the National Technical Information Service 
(NTIS), Springfield, Virginia 22161 (Order No. PB 2420:;" 
pl'icc, $45 postpaid). Ringle copies of the introductol')' 
,'olume al'e obtainftble without charge from Program 
Analysis (HRD-2), Offices of Reseftrch and Development, 
Ferlernl Highwfty Administrn tion, Wnshin.gton, D,C. 205aO. 

3. EIli1viroIli1merl.tal Considerations in lHIigh
way Design, Location, Construction., and 
Operati·on. 

Environmental R&D is directed towarrl identify. 
ing and evaluating highway elements which 
affect the quality· of the human environment, 
The ultimate goals are reduction of ad"erse high. 
way and traffic impacts, and protection and 
enhancement of the environment. 

4. ][mproved Materials UtiJization and Dura
bility 

Materials R&D is concerned with expanding the 
knowledge of materials properties and technology 
to fully utilize available naturally occurring 
materials. to develop extender or substitute rna· 
terials for materials in short supply, and to 
devise procedures for converting indw;trial and 
other wastf'S into useful highway products. 
These activities are all directed toward. the com· 
mon goals of lowering th" cost of highway 
construction and extending the period of main· 
tenanc,,·£ree operation. 

5. ][mproved Design to Reduce Costs, Extend 
Life Expectancy, a1t1.d Insure StructUllral 
Safety 

Structural R&D is concerned with furthering thr 
latest technological advances ill structural de· 
signs, fabrication processes. and construction 
techniques, to provide safe. efficirnt highways 
at reasonablf' cost. 

6. !Prototype Development and Implementa
tion of Research. 

This category is concerned with dl'wloping and 
transferring research and technology into prac· 
tice, or, as it has been commonl~- identified, 
"technology transfer." 

7. ][mproved Techno]ogy for Highway Main
tenance 

Maintenance R&D objectin·s include the develop· 
ment and application of new technology to im· 
prove management, to augment the utilization 
of resources, and to increase operational efficiency 
and safety in the maintenance of highway 
facilities, 
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