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1. Introduction 

Highway construction projects are dependent on a.n adequate supply of aggrqyte and binder. ?'he amount of 
aggregate and binder used in highway construction has increased due tc) pavment rehabilitation and 
reconstruction. In particular, the demand for construction aggregalt: is increasing where aggregate soiirces 
have been depleted, where tlie quality o f  available aggregate is low, ox wherc: aggregate cannot be utilized 
because of mining restrictions, environmental protection regulation*<, or appreciating land valires. Most 
importantly, in addition to the road coinstruction, other types of construction, such as building construction, 
exhaust our natural aggregate sources. Aggregate usage in Minnesota is divided between buillding and non- 
building construction in a ratio of 1 : 3 or 1 :4[45]. 

In contrast, enormous quantities of dornestic, industrial , and mining waste are: generated annually in the 
United States. For example, appi-oxim~ately 1130 rnillion tons of Municipal Solid Waste (MSW) were 
generated in 1988. However:, only 13.1 percent was recovered, 14.2 percent was incinerated, arid 72.7 
percent was landfilled[23]. In Mi.nnesota, approximately 4.2 million t.ons 'of MSW were generated in 1991. 
Of that, 38 percent was recovered, '22 percent was incinerated, 4 pe ram was combusted, and 3f9 percent Wa:j 
landfilled. Finding suitable placels for an increasing supply of waste products has been made more difficult. 
due to a wide variety of environmental legislation enacted with regard to wa.tc:r and land polluition. As a 
result, disposal of waste has becoime expensive and complicated. 

In the process of waste recovt:ry or recycling, four major types of matc:rialls tire produced: industrial raw 
materials, derived fuel materials, construction raw materials, and sr:c:ontdary waste materials. 

Due to the present recycling tt:chnolog:y, significant quantities of secondary waste ma1 erials ate deposited into 
the waste stream. For instance, tlhe entire supply of waste glass generated ciii1ncpI be recycled by glass 
manufacturers since only color-sorted and cont amination-free matex ids are ccmsidered feasible for reuse in the 
glass industry. Incinerator arc a generator of secondary waste rnatcxial xn .the forrn of waste incinerator 
residue. It was estimated that 25.5 million tons of MSW were burred in 19813 in the United States[23], and 
1.1  million tons were burned in 199 I in Minnesota. If the refirse is relalively dry, most modcrrr incinerators 
can be operated to give a well burned-out residue with about 90 percent reduction in volume imd 70 to 80 
percent reduction in weight. However., an average of 6 4 million tons O J  incinerator residue were still 
]produced in 1988. 

An extensive effort to reuse wastes for highway construction has been m i d e  by researchers and engineers for 
almost a century. At present, there ire driving forces for an agency to ctriisrtler the reuse of wastes: 

c- shortage of aggregates 
r> high cost of disposal 
c. commitment to mvirormenl. 
c. resource reserve 
D 10c:a.l availability 
c. political pressure 
c. environmental safety 

Because of the wide variety of local restrictions on construction projects, current regular pracl ice of reusing 
waste for roads in some locations is coinsidered innovative in other locations. The understanding of waste 
material characteristics and reuse techniques is highly variable according 10 location. 



Four issues are fundameni.al in the determination of the appropriaite use of recycled waste materials in 
highway construction: 

c> cost effectiveness 
c> performance 
b availability 
E. prevailing politiical climate 

‘The high cost of reusing wastes in highway construction, and the uncertainty of their performance and 
durability require that a better justification of their use be provided. Thert:ftrx.e, cost effectiveness and 
performance has become the first important issues. Many suppliers have developed ways to recycle their own 
wastes for expanded markets. Also, the variable waste stream flow creates ixnconsistencies in the types of 
waste available for Righway cunatriiction. As a result, the availability of  proper waste plays an important role 
xn decision making. Finally, political pressure creates legislative itmmh~es to increase the use of recycled 
rnateri als in highway consf niction [J 61 

‘This report discusses government regulations and agency liability relleva~ol lo waste reuses. A waste source 
inventory will be established with the technical definitions and sources of warxe products. Following the 
waste malerial properties, waste material evaluation will be discussed with a11 emphasis on the: selection of 
waste alternatives. The pIocedures and specifications of waste malterials fiir highway construction are 
presented in Section 6. This section discusses, what to use waste fix, hour to use it, and the cosl of using. 
Furthermore, field performance of roads built with wasle materials is e v i d ~ ~ ~ a t ~ d  in Section 7. 

“The report includes survey results regarding the use of waste materials for highway construction in 
Minnesota, based on responses from city ad county engineers. ‘I’he perfcii*mance of waste mate1 ials is also 
discussed in terms of technical feasibility, environmental consequences, and economic benefit:;. A list of 
references is included in the report for city and county engineers tlo have: access lo the detailed research 
results and project experiences. 
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2. Legislation and Research on Wastes 

L,egislation has been developed to minimize the dangers and hazards to humm healfi and environment from 
wastes, especially from potentially hazardous wastes. It is important for highway engineers R O  be aware of 
legislative restrictions related to the handling of waste. Eegislar iori does alhw opportunities for proven 
practices and polices that, when applied properly and consistently, maintain lor improve envir onxniental 
quality. In addition, research progrms have been developed to resolve llie technical difficulties in 
construction with waste products. The research programs are always 1)rac:tin:ed under the environmental 
regulations. A discussion of current Minnesota 1egislai.ion andl xxalxonal resexLrch on wastes are xnduded in 
this report. 

Two different kinds of regulaf ion,s applly to waste materials for highway construction One xs environmental 
related legislation and the o t k r  is, the construction relaled requirerrimt 

The National Environmental 1301icy Act (NEPA) requires that mi eriviroxmieirlal irnpact statemeni be prepared 
for all major construction projects, undertaken or financed by the fetlerd govcrmnent. Under the Act, private 
citizens, associations or organizations may maintain an action iin federal COUL 1. against proposed projects that 
would significantly affect the quality of the human environment to protect, aesthetic, conservational and 
recreational values 1481. 

2.1.1 State Law Definitions 

The following definitions wen: quoted from Minnesota Rules, 1199 1 [IS)]: 

Solid Waste 
"Solid Waste" means ,garbage, refuse, sludge ji-om a water .supp!y treatment plant or air 
contaminant treatment facility, and other discarded waste materials and sludge, in solid, 
semisolid, liquid, or contained gaseous form, resulting .from indusrPial, mining and 
agricultural operations, and Jrom community acm'vities, but does not include hazardous waste; 
animal waste used as -fertilizer; earth $11, boulders, rock; scwage sludge; solid or disxolved 
malerial in domestic sewage or other common pollutants in wairer re.escmrces, such as silr, 
dissolved or suspended solids in industrial waste water t#uent or discharges which are point 
source subject to perrriits under section 402 of Federal Warcr t"ollutiom Control Act, as 
amended, dissolved materials in irrigation return Jaws.;. or J 'OUIYC,  special nuclear, or b,y- 
product material as deJLined by 7h.e Atomic Energy Act qf 1254, as amended. 

Waste By-product 
"Waste by-product" means the liquids, or gases or other re,ridcrw res.ultingfiorn wastt: 
disposal, processing, or treafment activities. 

Sewage Sludge 
"Sewage Sludge" meam the solids and associated liquids in rnurk2ppcx.l wastewater which, are 
encountered and con-encountered by a municipal wastewater trea;tment plant. Sewage sludge 
does not include incinerator residues and grit, scum, or screeniqg removed @om other solids 
during treatment. 
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Ikmolition Debris 
"Demolition debris" means concrete, blacktop, bricks, slonefacifi!;:, concrete block9 stucco, 
glass, structural metal, and wood jkom demolished structurm. 

Imfectious Waste 
"ln fectious waste" means waste ori&hathgfiom the diagnosis, carev or treatment of a person 
or animal that has. been or may haw been exposed to a contagious or infectious diseuse. 

2.1.2 Historical Developnnenl (of State Law 

A description of Minnesota's major environmental laws from Earth Day 1'470 to 1990 are listed below[l8]: 

1971 Chapter 734 

Chapter 904 

1973 Chapter 748 

19'74 Chapter 346 

19'76 Chapter 179 

Chapter 228 

1980 Chapter 564 

198 1 Chapter 352 

Abandoned motor vehicles constitute a health hazard, a blight to the landscape, and a 
detrimeint to the environment. Abandoning a motor vehicle on public or private 
property is not allowed. 

Plans and Permits are required to operate a solid waste unit. 

A state policy to encmrage the reductiorn of the solid waste by recycling is declared. 
PClA is authorized to make grants-in-aids IfOK the: dtmlopment of resoixrct: recovery 
facilities;. 

PC'A is authorized to adopt standards for the id tm rl'?cation, labeling, classification, 
storage, collection, transportation and disposal of 111a;p;ardous waste. 

Mt:tro ccties, counties, or towns are authoriLed to cstalblish contracts, up l o  30 years, 
for solid waste pickixp. 

The Cornmissioner of DNR is authorized to sell certain lands located within the site 
selected for the disposal o f  Reserve Mining Cormpany 's taconite tailings. 

Each county in the metropolitan area is required to1 propose four sites within its 
boundaries for the disposal of mixed municipal solid waste and one fox- the disposal of 
dernoli tion debris in accordance with statutoiy standards and subject to approval by 
the Metropolitan Coiincil. The Metropolitan Waiste Control Commission is required 
to go through a site selection procedure for l'aciXities to dispose of solid waste and 
sewage sludge. 

Metropolitan counties are authorized to issue revenue bonds to finance solid waste and 
related facilities, and are given contractual authority in connection with facility 
operation. 
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1982 Chapter 569 The 'Waste Management Board is provided to review proposals to desigiiate resource 
recovery facilities according to specified st andards. 

1983 Chapter 373 The nurnlber of sludge ash candidate sites is reduced and alternatives to ash disposal is 
emphasized. 

1984 Chapter 644 A $0 50/:yd3 fe:e ($0.25 for landfill abatemcmt imld $0 25 for government cleanup) is 
imposed on trash disposal at Xatidfills in thr: mt:tit'opol itan area. Counties are allowed 
to charge solid waste operators in the county a fee litnited to $0.25/yd3 for disposal. 
Equipment for processing solid or hazardoils waste :nl a resource recovery site is 
exempted fromi sales tax. 

Chapter 645 A $4 fee for initial motor vehicle registration arid fox each subsequenr transfer of title 
is assessed and dedicated to a waste tire collection pxogram and to clearr up tire 
d u m p .  Counties are required to includn: collec.:tion and processing of waste tires in 
waste management plans. 

1985 Chapter 274 The Metropolitan Council is allowed to authoriizh: fhc issuance of gencral obligation 
bonds to provide funds for acquisition and improvernent of resource recovery 
facilities. 

1987 Chapter 348 It is prohibited for anyone to place a lead acid (automotive) battery in the solid waste 
stream or dispose of it or place used motor oil in the solid waste stream or in a 
disposal facility, unless the PCA authorizes it. 

1988 Chapter 685 The $0.Z/yd3 cap on the fee a metropolitan county may charge to dispose of mixed 
municipal solid waste is removed and allowed up to $0.35/yd7. It is prohibited to 
dispose of yard waste (garden waste, leaves, lawn cuttings, weeds, and pruning) in 
mixed municipal solid waste, in a disposal facility, or in a resource recovery facility 
(except for composting) aftter January 1, 1990 in a mc.:tropolitan area, and after 
Januaiy 1, 1992 outside the metropolitan area. 

1989 Chapter 325 The fee that cities can charge a1 landfills is xncreast:d from $0.35/yd3 1 0  !I; L/yd3, and a 
$2/yd' fee is set on landfills in Greater Minnesota. 'I[ he RCA i s  prohiibil.ed from 
issuing permits for new or additional mixed rnii~ricipiill solid waste resource recovery 
or disposal facilities unless each affected counTy has an approved wasle management 
plan. 

Chapter 337 It is prohibltt:d to compact or mix infectious or pitlhological waste with other waste 
prior ito incineration or disposal 

Chapter 1 Article 18 Metro counties are required to xccycle 35% of their solid waste and non- 
metro counties to recycle 25 % of their solid waste by December 3 1 1993. 



Article 19 'The office of Waste Management is required to distribute money 
appropriated for recycling programs to counties based on population, with 
each county to receive at 1ea.st :b.55,00~:1 a year. 

1992 ('hapter 593 There will be a minimum 25 percent statewide pet capita reduction irr the amount of 
discarded packaging delivered to solid waslc coirq~os~ing, incineration, refuse derived 
fuel and disposal facilities by IOecembex 3 I ,  1995. Metro counties aIe required to 
recycle 45% of their solid waste and non-metro counties to recycle 30% of their solid 
wasle by December 3 1 1996. 

2.1.3 Lodl Liabilities 

A!; noted in Section 2.1.2, the regulations have been changing due to the development of new technology and 
the knowledge of waste chaxacteristics. FOX example, specific 1iaz:ardous waste disposal problems were no1 a 
priority until the last half century when it became evident that solid waste disposal techniques antl sanitation 
waste programs were unable to avoid adverse effects on  human health and the: environment. 'Therefore, 
different liability exists from the present to the past. The best possible onderstantling of waste i s  needed to 
appreciate its potential dangers and hazards to human health and tlhe envlnmanent. 

'The scope of liability includes environmental risk and structural fadure:, which are closely related to chemical 
and physical characteristics of  wastes. It i s  the waste-generator's re:;por~silt)il~ty to characterize the waste 
strearn. However, if the waste-generator does not supply adequate information and the dispo?;al-operator o f  
the waste chooses to accept the waste anyway, the disposal-operator becornes liable for obtaining the 
information. In particular, if a potentially hazardous waste is to be used, !.he disposal-operator must inspect 
and analyze each waste shipment received a1 the facility, and must also lhave ti written waste analysis plan 
specifying test methods, snmpling methods and frequency of analyses. 'Tho disposal-operator has a duty to 
select a competent, experienced and careful transporter of the waste 7'he idislposal-operator naay also have to 
explore tht: transporter's fitness antl ability to  operate safety. 

'The liability of the dispositl-operator and waste-generators is determined b y  the Superfund Acl which imposes 
strict liability for the costs of cleanup of disposal sites. In the mt:aIlt,irr1e the federal government is 
encouraging disj)osal-operator to construct adequate disposal units such asI':2OI: 

(1) construction and maintenance requiring contiinuous rraonitoring 
(2) chemical fixiition 
( 3 )  microbilological treaf.ment 
(4) high temperature incineration 

If the waste is disposed of or incorporated into highway construction, the cl!isposal-operator is liable for the 
structural failure of' the waste mixture. The physical and mechanical characteristics of the wa.ste materials 
must be determined before they are used in highway construction. Countii.:s and cities may br: reluctant to use 
the waste in highway construction because of liability. However, with the development of' waste recycling 
and processing techniques, the control of waste application continues to be: improved ~ 



2.2 Research Projects 

In general, past and ongoing research projects regarding waste matc:rxails for highway constructrom have 
focused on those materials that are in large national supply anti arc promisiirg aggregate repl;w:ments, binder 
supplements, or primary binders. These projects have been divided into two major groups: 11 euse of waste 
materials and recycling of pavement materials. Pavement materials which iiite not recycled but are stockpiled 
or disposed of are included in the first category. In addition, the first category contains projects that reuse 
wastes resulting from highway maintenance and repair Recycling of p:iv.vement materials typically takes the 
form of old pavement taken up and crushed into a product that (XIJ be dmctly incorporated into the new 
pavernent. Recycling of pavement materials i s  not discussed in detail 111 this, report. 

2.2.1 Past Research Projects 

Pavement recycling research projecls initiated in 1915c%1]. A wide v;lr~t:ly of recycling approaches has 
emerged since the 1930s ~ The standard procedures and specifical ions h : ~ :  also been developed through 
extensive research programs kom laboratory, field, and Synthesis studlies. I'he Synthesis study conducted by 
NCHRP in 1978 marks a milestone in the research development of pa1v'ernenit recycling[22]. Most 
importantly, research has resulted in the tleve1opxnt:nt of better cquiprniexit and facilities. The environmental 
impact of pavement recycling has also been studied to reduce the poteldial problem of air polilution from 
asphalt plant facilities by installing emission control devices. 

The general waste materials produced from any possible source have been studied in a numbax of research 
projects. This research concentrated on waste matterials as replacements for highway aggregates and were 
summarized by two comprehensive Synthesis studies. The first NCHI;IP synthesis study conducted by the 
University of Illinois in 1972, explored the possibility of producing r;ynthit:l:ic aggrega.t:es, benefit of reusing 
unsuitable materials, and use of manufactured and waste materials as supplements arid rep1acci:rnents for 
conventional aggregates in hiighway construction[24]. As a result, this study led to three kinds of research 
projects: characterization of acceptable: aggregates, application of plastics to improve aggrega.ter;, and 
identification and cataloging of raw materials for use in the me.riu~a.r:turing of: synthetic aggrel;;at.t:s. A few 
waste products, such as salvaged structural rubble were included in this stud:y. Four years la:ter, another 
NCHRP synthesis study conducted by Valley Forge Laboratories oixtliined the types a.nd amounts o f  waste 
materials that are potential replacements for highway aggregates, filler, and binder. The study summarized 
the re.cent research projects, identified a number of potential waste malterids, and established a rnational 
inventory of waste resources. A list of 53 waste materials that havc: a potential for use as an aggregate, filler, 
and binder was presented in this study[25]. As indicated in the sl;ntly, the research projects included the 
laboratory tests on waste characterisl;ics, pilot plant operations on waste mix characteristics, amti experimental 
impacts of road segments constructed with wastes ~ The waste md;r:rialls that. are frequently u?;etl in Minnesota 
are given in Table 1. 



Coal burning power plants 

Coal burning power plants 

Coal burning power plants 

Iron and steel production plants 

----____-- 

Navigable waterways 

Taconite mines 

Incinerator residue Municipal incinerator 
------_--- 

Automobile and tmck tires 
----__---__I- -- 

Sewage treatment plants 

Pyrolysis operation:, 

-_-----______- 
ipray dryer residue Spray dryer system:. 

Automobile battener 
- - -~- - - - -  

The past research projects haw: been intensified on several waste malerids including flyash and scrap tire 
rubber. The first research project on the suitability of flyash as a po~zolanic ingredienf for us(: in concrete 
was conducted by Davis et. al. (1937)[26]. Considerable pioneering and dlt:va~loprnent work in this field was 
conducted throughout the 1940s and 1950s Later on, the use of flynsh alone or in combination with lime, 
sulfate waste, or soils, was studied for road base construction. A broad applxcatioin of flyash i ise in highway 
construction has been achieved due to past research projects. 

The use oil scrap tire rubber for ,asphalt cernmt has been developing for ovtx 25 years. However, since the 
late 1980s, the emphasis for this engineering technology began to focus on its potential for eliminating the 
environmental solid waste problem of scrap tires. Consequently, a wide vaI-iety of research projects were 
implemented with regards to die applxcdon of various waste tire rubber p i  )ducts to highway maintenance, 
construction, and rehabilitation. 



2.2.2 On-going Research Projects 

At present, most research projects are conducted by a joint effort o f  waste management, envvronrnental 
protection, natural resource, and transportation researchers and engineers The waste materials considered in 
ongoing research projects are the products and the secondary waste products produced from ;t recycler or an 
incinerator. Incinerator residue, roofing shingles, crumb rubber, and crushed glass are some examples. The 
changing interest in ongoing projects can be attributed to the cievelopnxer~t of legislation, recycling techniques, 
and construction techniques. 

More crumb-rubber related projects are being planned for the coming month!; due to the ISTlIiA. The Federal 
Highway Administration (FHWA) anticipate that in 19’93 about SO percent Oil spates will be conducting 
projects involving tire rubber. Some asphalt-rubber marketers have begun offering three and five year 
guarantees on projects using their patented systems. 





3. Waste Sources 

A dis,cussion of waste sources begins with definil ions, which empknasiz:e wh6:re the wastes art. produced. 
Based on the definitions, the location, general properties, and quarrlity of lbc waste source are documented. 
In 1970, the approximated highway aggregate consumption in Minnesota was 31.6 million tons, whereas the 
approximated solid waste prclductiori was 107.1 million tons. 

3..1 Scope of Waste Sources 

Waste sources include any useless arid worthless by-product from highway cmstxuction or from other sources 
such as crumb rubber, waste glass, municipal garbage, etc. The rxxaterials from these sources could be used 
for highway construction when an equal performance to virgin conr;l:ruction rinaterials can be attained without 
any diverted impact on the environment and without any unjustified ad'dtx.1 costs. Any waste that can be 
directly recycled into product is excluded. Five categories of wastr: miitcrial?; are outlined according to 
general sources. 

3.6.1 Materials from Old Pavements 

Materials from reconstruction or rehabilitation of roads are a nnqjor waste source. They have been reclaimed 
from an old pavement and carinot be used in the pavement recycling process Ihecause of economic feasibility, 
material variation, material colntamination, technical. knowledge and political limitations. Dlsl)oval methods of 
pavement wastes include landfilling and stockpiling with or without pretreatment, depending upon the 
chemical characteristics of the wastes. 

:3.:1.2 Wastes from Production Processes 

These wastes are produced by manufacturers, mines, processing plants, or metal production plati1.s. Primary 
treatment of the waste must be completed to meet the waste release standards and regulations. Consequently, 
hazardous wastes are excluded from the waste stream. 

3.1.3 Wastes from Consuming Stream 

'These wastes are called municipal solid wastes and are produced by consumers, service industrim, offices, 
and food processing plants. A,s shown in 'Table 2, the municipal solid waste belongs to the Subtitle D waste 
calegoryr231. Subtitle D of the Resource Conservation and Recovery Act dealls with wastes oYher than the 
hazardous, wastes covered under Subtitle C. They must be separ atetl inlo different groups accortlmg to waste 
management regulations. The hazardous wastes are not allowed to mix into die waste strearn. 
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PX"6)dUC:ts 

Duriiblc (;oods 

N0ndur;lble <30odS 

Containers aid Pai:lra::xng 

Household hazardous 'waste 

Municipal sludge 

Municipal waste combustion ash 

Industrial nonhazardous waste 

.__I._---_. ~ 

.---.----I.- 

.-_I._--_._ 

Food Wastes II 11 ~rna Quantity Centxartor waste 

Examples 

Tires, appliances 

Newspapors, clothing 

Boxes, cans, bags 

Vegetable peelixrgs 

Grass clippings, leaves 

Concretes. stones 

:3..1.4 Secondary Wastes from Recycling Processes 

'Ihese are secondary waste products produced in any recycling p~ocess. It is impossible for waste products to1 
be recycled completely wirh current recycling technology. Therefore, the m o u n t  of secondary wastes is 
tiependen1 on the development of recycling technology 

65.11.5 Wastes from Landfills 

These wastes have been landfilled in the legal disposal sites. They may have been produced from any of the 
above mentioned sources. Because disposal sites may become a constnxc:tion site and disposed materids may 
be used as construction material, the landfilled waste rrtaterial miglii becomie i I  source for construction 
materials. Out of the total 180 million tons MSW generated in 1988, 131 million toris of MSW were 
landfilled in the U.S.[23]. 

3.2 Inventory of Waste Sourc:es 

Much effort has been made to inventory typos, sources, and quantities of waste materials potentially suitable 
for highway construction. For example, the Midwest Industrial Waste I3xchange (MlWE) was established by 
the St. Louis Regional Cornrnerce and Growth Association in 1975. The PvZIWE waste inventory provides a 
source to determine least costly and potentially the most cost-effeatrve alterinat ives for dealing with ~ndustrial 
wastes[27//. 
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3.2.1 Road Construction and Reconstruction 

Demolition and removal of roads., streets, curbs, gutters, sidewalk.s, and bridges provide an c:xa:llent source 
of highway construction materials. Some problems associated with proc:essing concrete and asphalt rubble 
include the removal of reinforcing steel from concrete md  the amiount of reclaimable asphalt for new asphalt 
mixes. lLJsually, this type of waste is distribut:ed widely and quantities itre sn:iall unless it is stockpiled at a 
localized pit. It is predominantly available in metropolitan areas, bat the reconstruction of aray road results in 
wastes available for reuse. 

Road wastes can be recovered using current recycling technology if  it is nxipiractical to reuse Rhem locally for 
highway construction. As shown in Figure 1, five facilities were wepor1n:d as markets for rt:cyclled concrete 
and asphalt rubble in 1988[28]. Stockpiled road waste xs also a valuable souice of highway construction 
materials. 



halt 

Figure 1. Markets for Recycled Wasti:s 
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3,.2.2 Industrial Production 

The electrical power industry and the iron and steel industry are sources of indust,rial wastes. Two basic 
industrial wastes result from burning of pulverized coal form in tlir: e1c:ct.rica.i power industry:: ash, consisting 
of spray dryer residue, flyash, bottom ash, and boiler slag, and sludge. In the iron and steel industry, a 
uniform or nonuniform slag i s  produce:d simultaneously in the blasr. furnace, respectively. In adldition, iron 
foundry operations result in several industrial wastes including arc furnace dust, sand reclaimer residue, and 
furnace dust. These wastes are generally located in concentrated irtdustrial areas. The geographical locations 
of wastes from the electrical power industry and the iron and steel industry are shown in Figure 2. 

3.2.3 Mining 

A source of mineral waste is deposited in the form of mine wastes, mill lailings, washing plant rejects, 
processing plant wastes, and smelter slag and rejects. A large volume o f  rniitieral waste available in 
Minnesota is taconite tailings, located in the Iron Range area of 1he state (Figure 2). The annual quantity of 
i.aconiie tailings produced in h4innesota and Michigan in 1970 alone was 150 to 200 million tons. Because of 
asbestos content, some tailings are not allowed for highway construction, and tailings from the. east end of the 
Iron Range are prohibited in parlicular. 



Incheraitor ash 

Fiigure 2. Aggregate Shortage Area and Locat tioris of Wastes 
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3.2.4, Domestic Consumption 

Domestic or municipal solid wastes are a large and growing sourc6: of wastes; with more tharw half of them 
consisting of dry, organic materials. These wastes are growing at. a f;isf.t:r rate than the popuilation growth 
rate and come from residential, commercial, institutional, and industrial sources. The overwhelming 
percentage of these wastes can be found in urban areas (Figure 3), where .the production of solid waste is 
directly related to the concentration and amount of population. These wa:stes include building rubble, 
discarded battery casings, inc.inerator residue, plastics, pyrolysis residue:s, sewage sludge, rul:,bn:r ,tires, glass, 
shingles, and municipal garbage. 

The dlevelopment of waste management pirogr:ms has produced a bctte:r irxventory of domestic: wastes and a 
network of waste collection stations. Figure 4 shows the collection locations of three major domestic wastes. 
'These ordered waste sources benefit the reuse operations. 

Incinerators are another dome:stic waste source. As shown in Figuxe 2 inciiierators are located near 
metropolitan areas. At present, the 1 wo plants operated by the Metropolitan Waste Control C'ornmission 
(MWGC) produce 21,000 tons per year of dry sewage sludge incinerator ash. There are twelve rnunicipal 
and county trash incinerators In Minnesota. 

Waste recycling facilities also provide a secondary waste source 
produces non-recyclable glass lMos1 recycling €acilities generate processed waste. In many cases, the 
processed wastes can be directly used for construction depending on cost consider ations and specification 
requirements. Six permitted recycling and three transporting faci1ii ies are shown in Figure 5 Their products 
include crumb rubber, rubberized asphalt, and subgrade fill. The total current processing rata: is 11.5 
millions of tons per year. 

For example, a waste glass rtxycling unit 
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Figure 3 .  Metropolitax] Areas (the U.S.  Burea.u of the Census, 1990) 
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Tires 

Glass 

PllaLstics 

Figure 4. Waste Collection Locat ions 
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Figure 5. Waste Tire Recycling Facilities 
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4. Waste Materials andl Products 

Waste materials and products seltxted in this report include those which are generated in large quantities 
statewide. Also, waste materials and products whose use would have significant impact on the environment 
or which1 indicate significant potential even if they are not widely used in thc state are discussed. 

The transport of waste materials is mostly accomplished by truck, rail, and h rge .  Barge transport is the 
most reasonable form of transpomtilon, where available. In the larger navigable waterways, barges are towed 
in cornbinations of as many as 30 jumbo baxges. Rail transport is anoiher aliternative for waste transportation. 
Truck transport is the most popular mode of transportation for dktances less than 40 to 50 mrles. Pipelines, 
although advantageous from a cost standpoint, present problems regadling ownership and the type of material 
which can be pumped through the line. 

Proper evaluation of a specific waste niaterxal requires a basic knowledge of xts physical and c:hemical 
characteristics. These properties must be obtained in order to meet thc requirements for constrixcl ion 
materials and the environmen1:al protection regulations. The material properlies presented are based on the 
laboratory and field material tests conducted and documented in the 1itt:ratuxc 

After a waste material is evaluated and its use is justified, it can be applied to highway construxliion. Without 
any modification in properties and additional ingredients, a waste can he used as a filler, a d d i l k ,  or 
aggregate for highway construction. Many wastes are potential admixlures, particularly when processed. 
The processed wastes generally can be obtained from a recycling or processing facility. If properties of a 
waste do not conflict with the properties of portland cement, the waste i s  a potenfial aggregate for concrete 
mix. After they are crushed, some wastes can be used as aggregates for an asphalt mix. The irrcorporation 
of these wastes into the asphallt mix usually results in mix properties equivalent to the conventioinal mix. If a 
waste car1 satisfy the base material specifications and leachate requirements with or without processing, it can 
be directly placed as a base course. 

'The most cost-effective use is to combine various wastes with conventioxial materials to produce reliable 
products. The technique of mixing wastes and virgin materials has heen wxdn:ly practiced. 

Before: the field performance of a specific waste or waste mixhire is discussed, the conditions under which the 
perforrnaince data were taken should be addressed. There are two k9asic conditions for the field performance: 
experimental and routine. Under an experimental condition, a particular aspe:ct of' field performance is 
emphasized. In an experimental project, a test section is limited to lhe localized area and the amount of waste 
used is small, Most importantly, construction quality is more easily coirtrolled in a pilot project. On a 
routine basis, construction projects are specification-orientated and need kx;s quality control. 

]Performance of pavements with incorporated wastes is a complicated issue. X'r/Imy factors could influence 
pavement behavior when norrnal structure and materials are used. For example, quality control in 
constructiion has a big impact Ion the performance. Pilot, demonstration, iuid experimental projects have 
better quality control and the resulting pavements behave relatively consistenl ly . Most information collected 
on performance is based on experxmental projects. 

4.1 Pawing Waste Materials 

Most of the paving wastes discussed in this section are crushed concretc or pulverized bituminous. 
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4.3.J Legiislation and Restrictiions 

Recently passed federal legislation requires Lhat the quantity of paving andl construction waste materials 
deposited in landfills musl be significantly reduced by 1996. 

4.1.2 Material Properties 

Generally, concrete rubble coinsists of a mixture of stone, dirt, wood, brick, organic material, and broken 
concrete with and without some reinforcing steel. Impurities such as reiinj orcing bars, wood, and inorganic 
material ;are removed from the: crushed concrete. Having been cnirthecl, the reclaimed material may be 
blended with virgin aggregate for reuse. A comprehensive laboratory study on the recycled Minnesota DOT 
Class 5 concrete as well as recycled concrete with 3/8 inch minus Ilolomitle has been conducted. The 
gradations of the tested materials conformed to Mn/Do'T standards Test rsscrlts are shown in Table 3[29]. 

'I'alble 3 ,  Recycled Concrete Test Mes1dB.s[29] 

11 Dolonute Class 5 I 41.6 I :3.19 I 139 I '7 / /  16% I 23.0 I 85 11 

If old concrete pavements are ground, concrete grinding residue has much different material properties. Half 
of all cons:rete grind#*ig residue is a sludge-like material. The pII value of the grinding slurry is high, in the 
range of 12.0 to 12.0, as it comes off the grinder. Aker sedimentation, filtralxon, and titration, the pH of the 
slurry is lowered to less than 8.i:. It contains large volumes of waiter, depending on the time elapsed since 
placemen1 and subsequent evaporation. Moisture contents are often as higlti as 140 percent. 'lhe size of  the 
individual particles is similar to a silt or clay with a fines content of absul '70 percent (minus No. 200 
sieve)[30]" 

Pulverized bituminous materials have been used in cold in-place recycling, both as pavement and shoulder 
material. The material is also used as an aggregate surfacing in areas where washout is a prolblem. 

4.11.,3 Construction 

Coarse and fine aggregates for concrete mxxiures can be produced by crushing old concrete. Poortable 
processing equipment has heen used most successfully Concrete mix with crushed concrete aggregates yields 
a compressive strength (180 days) which is about 300 to 1,300 psi lower t l ~ a r i  that of the conventional mix 
The resistance to freezing and thawing is greatly improved when the ccvncrc.:te wasle contains chert-gravel 
coarse aggregate and is close to that o f  a coniventional mix when the concrete waste contains limestone 
aggregate1 341. 



Reclaimed portland cement concrete (PCC) and asphaltic concrcte can be uscd as aggregates with added sand 
to make new portland cement concrete. 'nie old slabs should be broke~i into 2 ft pieces on hot, dry days with 
a pneumatic hammer to minimize subgrade soil adhesion. Most steel carr be removed during crushing. The 
asphaltic concrete should be removed with an excavator and stockpiled styamtely. The sand is added to 
modiljr grading for mix aggregate rr:quirements. The mix design xs not partxculady different from mixes 
using virgin aggregates. Since virgin coarse aggregates cost more tkim $6 pc.:r tom, the reuse of crushed 
concrete for replacement of coarse aggregates is an economic ;dterxiatxvr:[ 381 For example, virgin aggregate 
for PCC pavement was reported at a cost of nearly $7 per ton in Mianni, whiile the crushed concrete was 
produced at less than $4 per ton. In North Dakota, the cost of virgin miitterxid ranges from $12 to $14 per 
ton, resulting in a savings of $35,000 to $50,000 per mile of concrete pavement when recycled coarse 
aggregate is used[46]. 

Old concrete can be crushed and used in a cemenl treated base for a new pavement. The c~ushed concrete is 
blended with 28 percent natural sand and 4 percent cement. The lean cmicrete (econocrete) base can also be 
constructed using crushed concrete with 250 pound per cubic yard cement added and its strength (:an reach 
1,000 psi1 at 28 days[39]. Thr: ecoriocrete is; usually placed with a slipform paver. In additioii, the crushed 
concrete can be used as a drainage subbase topped by econocrete as a base14'41. Crushed concrete can be 
placed on drainage filter fabric setting on the subgrade. 

4.1.4 Field Performance 

Recycled concrete pavements constructed to date have generally performed excellently. The most economic 
alternative is to apply crushed concrete to base course as compared to s,urfdce course. Cracking of pavement 
surfaces containing crushed concrete aggregate is a problem. Recycled ctrncrcte pavement w irh "11" cracking 
aggregate also present problems. 

Performance was compared by looking at the compatibility and Calilornxa Bewing Ratio (C13K) of' untreated 
RAP base versus conventional graded aggregate base (GAB). The nntrea1t:d RAP did not conuprrct well when 
compared to GAB and only compacted to 9% to 94 percent of the maxixmiim density. The RAP hase also 
yielded CBK values that were only a fraction of the CBl? values for (3A131 fi01n nearby quarries[47]. 

]Pulverized bituminous material has performed excellently, especially in areas where it i s  used as an aggregate 
to prevent further washout. 

4.2 Industrial Ash Material 

Industrial ash is divided into two categories: flyash and bottom ash. Flyash is; produced from a wide variety 
of industrial facilities. Some examples are coal flyash and spray dryer flyash Bottom ash is coarser than 
flyash and has a different material chiirilcteristics. 

' 

23 



4.2.1 Legislation and Rfstrict,ions 

In response to Congressional requirements and incent wes issued from 19'76 to 1987 and an Environmental 
Protection Agency (EPA) Guideline published in 1983, discrimmatory clziiisos against the use of flyash in 
portland cement concrete (EDCC) have been removed. 'The use of flyash now is allowed on federal-aid 
projects at the state level [loll. In fact, as required by the Resource Recovery Act in the early 1970s, states 
should make flyash available as an option to contractors for use in concrete pavement as a replacement for a 
portion of the cement. To disallow the use of the flyash, states must fitid a reason why flyash would not 
work in Iheir local specific situations. Recently passed federal legislation requires that the quantity of flyash 
material being deposited in landfills must be significantly reduced by X99(:r. 

4.2.2 Material Properties 

Properties of industrial ash strongly depend upon the process and equipimti:nt used to generate the waste ash. 
However, wastes with the same: general material characteristics are dis;cussedl together to avoid a detailed 
subgroup ing . 

Coal flya9h is defined as lhe linely divided residue that results from the c~imbustion of ground or powered 
coal and xs transported from the combustion chamber by exhaust gases. E'lyash has pozzolanic properties. In1 
itself, it possesses little or no cement characleristics bilk will, in a finely divxtlied form and in hhe presence of 
moisture, chemically reacl with alkali and aJ kaline cadi hydroxides at ordl inary temperatures to form 
compounds possessing cernenl itious properties. Flyash is generally fine1 thai i  portland cement (1 to 50 
microns xn diameter) and consists mostly of small spheres of glass of c~mplr:rr composition involving 40 to 50 
percent silica oxide (SO,), !j to 40 percent ferric oxide (F%O3)? and S to 35 percent alumina oxide (Al,O,) 
[4]. Its composition varies with the source of coal. There are two major classes of flyash designated by the 
Aimericarr Society of Testing and Materials (ASTM)[3 1: 

(I) Class F: related to anthracite or bitummous coal and are: not self-hardening 
but generally haive pozzolanxc propertnes. Class IF fliyash do not generally 
react without the addition of lime as a separate ingrr:dient ;md can be stored in 
open stockpiles. 

(2) Class C: related to sub-bituminous coal and lignite and have pozzolanic 
properties but may also be self-hardening . In most cases tliis initial hardening 
occurs relatively quickly. The degree of  cement itiousness vaxies with the 
calcium oxide (GaO) content of the flyash. Higher values of CaO denote 
higher cennentitiousness. It must be either stored dry or conditioned with 
water and later pulvtxized. 

'The properties of flyash depend on the type of coal burning boilerp] 

(1) 
0)  

(3)  

Stoker Fired €urnact: - usudly not good for highway coiristruc;tion. 
Cyclone Furnaces - generally not good for use in P(:C and not widely 
avail able. 
Pulverized Coal Furnaces - usually the best in qua1lii.y and in large quantities. 
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Seveiral other factors affecting the properties of flyash are the ash contrxrt of the coal and the degree to which 
the coal has been pulverized prior to combustion. Because of many variablcs inherent in its production and 
collection, flyash exhibits a wide range of physical and chemical properties, even at the saint" source of 
production. The particle size and shape, density, colox, and chemical compc Isition of flyash vary widely[5]. 

Spray dryer flyash is composed of conventional flyash particles coated with 1r:alcium and sulfur compounds, 
and smaller particles resulting from the reaction between calcium and sulfilI. Spray dryer flyash for 
pollutants of concern is signilficaritly below toxicity criteria h i t s  iuid i s  classified as nonhazardous[5 I]. 

Bottom ash waste is the heavier, finely divided residue that falls down out ot the coal fired briritiers used to 
generate electrical power. Two major types of bottom ash exist acxor~Jixng to two basic types of boilers used: 

( 2 )  Dry bottom ash - produced by the dry bottom boilcr which hils an ash hoppel 
below an opein grate at its base. 'The heavy ash coXlecied by the ash hopper 
contains molten slag Dry bottom ash i s  composed of fine angular particles 
which are gray to black in color and resemble fine sand Some of the smaller 
particles have a glassy appearance and the surface of the particles is very 
porous. The grain sizes of dry bottom ash particles art: in the range of a fine 
gravel to a fine sand with more than half of the grain sizes ranging from a 
No. 4 to No. 40 sieve. Its chemical composition includm 20 to 60 percent 
silica oxide (SiO,), 5 to 35 percent ferric oxide (Fe,OJ, 10 to 35 percent 
alumina oxide (.41z03)3 and 1 to 20 percent Calcium oxide (( '#iO)[5]. 

(2) Wet bottom ash/boile:r slag - produced by the wet hottom or slag tap boiler 
which has a water-filled ash hopper at its base orifice. 'The rnolt,en ash 
collected by the water hopper quenches in the water, c:rystalllI.zes, solidifies, 
and forms angular, black, glassy particles ranging from 0.25 to 0.5 inch in 
size. A typical chemical composition of wet bottom ash irrcludes 42.7 percent: 
silica oxide (SXOJ, 27.5 percent ferric oxide (Fe20J7 ;!I .O percent alumina 
oxide (A1,03), 6.4, percent Calcium oxide (CaO), and 2 2 ,  percent other. 

4.2.3 Construction 

Flyashi is used as an admixture at the concrete mixer or an ingrediient iiri blended cement to produce the flyash 
concrete (FAC). Addition of flyash ;it the mixer idlows the ad.jLaslment of' thr: flyash to cement ratio, whereas 
the cement blended with flyash has a fixed flyash to cement ratio. Thc: Jlyash is added to improve 
workability, reduce bleeding, replace fine aggregate, and most ixnportantly replace a portion of portland 
cement. The material requirement for using flyash is included in ASTIM ( : - O  1.8 and AASHXO M-295 
(specifications. To insure the uniform consistency of flyash, a sampling frt:quency of one samplch for each 400 
tons of flyash is required by the standard procedure listed in ASTM C-3 I. 1 awid AASHTO M-29.5. 
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The substitution rate of flyash for portland cement typically specified is ii minimum o f  1 to 1.5 pounds of 
flyash to 1 pound of cement. 'The amount o f  fine aggregate has to be reduced accordingly. The substitution 
amount xs specified to allow a imaximum in the range of 15 to 25 pcrceiot. '['he set time will be extended 
from two to four hours. Blended cements car1 be manufactured by eithrx mtimatt: blending o f  portland 
cement and pozzolan or intergrinding of ihe pozzollan with the ce:ment r:linkc:r in the kiln. Type "I" cement 
(pozzolan modified cement) a h w s  up to 15 percent rr:placemerit (of cement with flyash arid type "IP" and "P" 
cement (Pozzolan-modified portland cemeni), 15 to 40 percent replacemelit with pozzolan[3] ~ 

Flyash can be added to portland cement for the treatment of base materials. Four basic steps are needed 
includinj; spreading flyash and cement over the pulverized mix, blending ithe materials together, wetting the 
mix, and compacting the mix with a vibratory roller. A typical mix contains, 80 percent ground materials, 16 
percent flyash and 4 percmt cement. 

In anothcr base stabilization method, a pozrolan aggregate mixture (PAM) is used for base construction 
PAM contains approximately 85 percent aggregate, 3 to 4 percent ]Inme, and 12 percent flyash. 
aggregatc used in PAM should be well graded stone, sand, gravcl, or slag with a maximum size of 1 inch. 
PAM can be preblended at a plant or mixed in-place. When working with ('lass C flyash, more precautions 
must be taken as the mixture usually tends lo set more quickly than a mxxlure using a Class F: flyash, the set 
time of which varies from several hours to Feveral days,. PAM should i w e r  be placed in lifts greater than 1 0  
inches or less than 4 inches. A seal coat should be paced on the lift, or oiti cach lift (if multiple lifts) 
immediately after compaca ion for curing purposes. Due to the pozzolaii rc:actron, the temperature at which 
PAM is ronstructed should be above 40°P[ IS]. 

The 

Flyash can be used as a fill material for roadway embankments. The constniiction on the grade consists of 
spreading, blading into 6 inch lifts, water spreading, and discing to achieve uniformity of moisture and to 
reduce lensing or crusting. Moisture control is a key factor for successful construction. An cmvelope of 
cohesive soil is required for the flyash embankment to serve as an erosion control device and to provide for 
vegetation support. 

4.3 Taconite Tailing Material 

Some taconite tailings have been used in highway construction for a few dacades. Specifica1,ions for the use 
o f  these taconite tailings were developed by Mn/DOT ten years ago. 

4.3.1 Legislation and Restrictions 

Since 19'/5, some taconite tailings have been1 accepted by the State of Minnesota as an alternale to sand and 
gravel for embankment, base arid some surfacing material in highway cor~!?tructiori. These approved taconite 
tailing sources are Eveleth, U.S. Steel (Minntac), Inland Steel Co ~ Ehtler, 2wad Jackson County Iron Co. 
Taconite[S(P]. Prohibited tailings contain asbestos thal is harmful to huiriaiis. Both federal and state 
governments regulate the use of and exposure to asbestos[52]. 
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4.3.2 Material Properties 

Proce:ssing or pelletizing of the iron ore and taconite (a siliceous ir,on-.bearing ore) supplies both coarse and 
fine tailings, with fine tailings comprising 60 to 70 percent of the: total. outp:put. Coarse tailing particles are in 
the a No. 4 to No. 100 sieve size range with a well mixed gradat.ion. Fine tailings are dischargexl as a slurry 
of 45 pe.rcent solids content with 85 to 90 percent of the particles smalller than a. No. 325 sieve. Principal 
constituents of taconite tailings are 59.0 percent silica oxide (SiOJ? 15.0 percent iron (Fe), 2.7 ptxcent 
alumina oxide (A1203), 2.7 percent calcium oxide (CaO), and 3.7 percent magnesium oxide (MgO), while 
minor constituents are 2.2 pe:rcent carbon dioxide (CQ,), 0.73 pertrent manganese @In), 0.012 percent sulfur 
(S), and 0.047 percent phosplnorus (P). 

4.3.3 Construction 

Taconite tailings slag can be wed as aggregate for an asphalt mix. The resultant mix is partin:ularly suitable 
for thin overlays (0.625 to 1 irnch thick) because taconite tailings have an acceptable gradation (Mn/DOT 
Spec. 2361) and require very little processing. In addition, good skid resistance can be obtained from the 
thin overlay. However, the mixtures generally do require from 1 to 2 percent more asphalt cement than 
conventional mixtures. A vibratory roller is normally used for compac:tion rather than a rubber tired or steel- 
wheeled roller and adequate density of thin overlays can be readily achievcd ]tinder Ordinary (:orripaction 
methodsl35). Other successful uses for taconite tailings have been ~:mt~ankmc::nt fill, base, seal coatt, 
shouldering, and deicing. 

4.4 Waste Tire Products anti Materials 

‘The waste tires can be used fcir different purposes according to different promsing levels. The processing of 
waste tires supplies various kinds of rubber products. 

4.4.1 :Legislation and Restrictions 

The Initerrnodal Surface Transportation Efficiency Act of 199 1 (XSTKA) 0’.I4. 1V2-240 Section 1038) requires 
the increased use of recycled inaterials, specifically crumb rubber irom wastc tires, in asphalt pavement 
c;onstn~ctiion. ISTEA requires that by 1994, 5 percent of the total tons sf asptiall paved in each state 
receiviing federal highway funds should conlain recycled rubber. ‘The porcentage increases to 10 percent in 
1995, 15 percent in 1996, and 20 percent in 1997. 

4.4.2 Material Properties 

As a construction material, an unprocessed or whole tire is elastic awid (duriibll,>. A system of ;mchored tires 
has good structural capacity and stabxlily and produces little diverse effect on the environment unless it is 
below the water table. Currently, PCA, regulations do not permit placement of waste tires below the water 
table. Waste tires may be mel::hartically processed to achieve size arid void reduction. Shredded tires are 
called tire scraps, and coarse 1 ire scraps are lightweight rubber chips wil-11 mechanical characterid ics similar 
to wood chips. However, rubber chips are non-biodegradable and lhus more durable than wood chips. Tire 
scraps are buoyant and difficult to comipact. 
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Tire scraps can be reduced to fine granules called crunib rubber additive (CItA) by cryogenic or mechanical 
processixy; such as the crackermill ~ granulator, and micro-mill prlocess Eacki process generates it unique 
particle with specific charactericstics. The crackermill produces an irreguliarly shaped torn particle with a 
large surface area in the range of sizes from No. 4 (0.187 inch) to No. 40 (0.017 inch) sieve. These particles 
are commonly described as a ground CRA. 

The granulator produces cubical, uniformly shaped cut particles with low rsuir-face areas and with sizes ranging 
from 3/8 inch (0.375 inch) to a No. 10 (0.079 inch) sieve. This material is called a granulated CRA. The 
micro-mill process produces a 'very fine ground CRA with sizes from a N o .  40 (0.0 17 inch) to No. 200 
(0.003 inch) sieve [ 131. Crumb rubber contains special chemical additives; such ips antioxidants, antiozonants, 
vulcanization accelerators, extending oils, tackifiers, zinc oxide, stearic acid, sulfur and carbon black. The 
ela.stomer component may corniprise styrene-butadiene copolymers, butyX, cispolybutadiene, nat~iiral rubber or 
neoprene which originates from the thread, sidewall, carcass or inner lirieir of the original tirc:[9] ~ 

4.4.3 Applications and Construction 

Crumb rubber additive (CRA) is the generic term for the product from finer or ground scrap tires used in 
asphalt products. Addition of CRA to asphalt paving materials 1s accornpl j s k d  using two basic ]processes, 
wet and dry. During the wet process, which i s  used for sealants, surface treatments and hot mix. asphalt 
(HMA), CKA is blended with hot asphalt cement prior to incorporaling thc: hinder into the mix to produce an 
asphalt-rixbber binder. In a dry process, which is limited to HMA, CKA i,s mixed with hot aggregate before 
adding asphalt cement to produce a rubber modified hot mix asplndt mixtuure. The wet process is generally 
regarded as a promising way to incorporate significant mounts 0.1' crumb rubber from scrap txres into asphalt 
pavemenls[49]. The paving products resulting from the application o f  C:KA 10 highway construction are as 
fo 11.0 w s : 

1 CracWjoint (CYJ) sealant: 15 to 30 percent CKA Is blr:rir:lecl with the asphalt 
cement (e.g ASTM D3406 and Mn/DOT Spec. 3719) Manufacturers 
provide a variety of sealants to meet different conditions auid various ASTM 
specifications. These sealants are usually preblended and ~pacltaged in 50 
pound blocks which must be remelted and reacted bcfore they can be applied. 

2. Surfacehterlayer sealcoatiiig: 15 to 30 percent CKA by weight: is blended 
with the asphalt cement. The patented products in.clude the Stress Absorbing 
Membrane (SAM) arid the Stress Absorbing Membrane Interlayer (SAMI). 
SAM is a surface treatment using spray application in which cover aggregate 
is generally a uniform 0.3'74. to 0.248 inch in size and prelkrably hot 
precoated with 0.3 to 0.5 percent asphalt cement. The application of SAM 
can seal the underlying craclcs, prevent. the entry of surf;i.cc:: water, and absorb 
the stresses which lead to reflective cracks. A typical sprzy application rate is 
0.6 gal/yd2 of diluted asphalt rubber md 35 lb/yd2 o f  precoated cover 
aggregate[l3]. Thickness 0.1' the application usually varies .from 0.38 to 0.63 
inch with SAM content from 0.50 to 0.65 gal/yd2~ 



SAMI is an Interlayer treatment using a spray application. 'Il'here are two 
layer systems resulting from the application, a two-layer SAlWI and a three- 
layer SAlMI. A two-layer system consists of a SAM1 layer placed on the 
existing pavement and a 1 lo 3 inch thick HMA overlay. A three-layer SAMlI 
system begins with 1he placement of a leveling cause of JlMA and ends with 
a 1 to 3 inch thick HMA, with a SAMJ between each llayer. This system 
applies when there is deterioration of the existing pavement cracks and joints 
The intended purpose of SAMI i s  to reduce reflection cracking by cushioning 
or dissipating the stresses fiom underlying layers. Apl)Nicaticm rates for the 
SAMI materials is similar to that of SAM (Mn/IX%'I' Spec '3127, FA-3). 

3 .  Asphalt-rubber concrete (wed ~IQCWS): 15 to 25 percent 'RA by weight is 
blended with ithe asphalt cement and aromatic oils, such as kcrosene, to form 
the asphalt rubber binder or modified binder (ASTM Ul-8). An asphalt cement 
modified with 15 percent CRA can increase the binder's high temperature 
viscosity by a factor of 10. This modified binder exhibils t:nlhanced binder 
properties by reducing the binder's temperature sexisitivil y K :ither dense, gap, 
or open graded aggregate is mixed with the resultml binder, mch as 
McDonald's asphalt rubber. Typical asphalt rubber binder content for gap 
graded mixes range from 8 to 9 percent. 

4. Rubber modified or riubberized asphalt concrete (dyy process): 3 percent 
granulated CKA by weight of the total mix is blended with hot aggregate, 
usually gap graded aggregate. The asphalt cement: in the final mix has a 
content of 7.5 to 9 percent. A continuous compxtion of' the mix mat is 
required until it c:ools to below 140°F. RUBI?', a nxbbler modified HMA 
developed in Sweden., was patented for use in the 1J.S. under the trade name 
PlusRide. 

'The average cost of CRA ranges fkom $0.10 to $0.15 per pound for coarsc and medium crumb (above 425 
pni) and 'up to $0.25 per pound for fine ground crumb. The cost of C/J sealant ranges from !I;O.%O to $0.30 
per pound excluding shipping and installation. The in-place cost for a SAM generally ranges from $1.40 to 
$1.90 per square yard and is 50 to 100 percent: higher than a conventional surface treatment. The in-place 
cost for a SAMI is relatively high, ranging from $2..00 to $2.50 per square yard. The in-place cost of asphalt 
rubber HMA mixtures or rubber modified WMA has ranged from SO to I100 percent higher than the 
conventional mix. Their projected fiiture cost could be reduced to 20 to 30 percent for asphalt rubber HMA 
and 20 to 40 percent for rubber modified HMA, above the cost of c;onventional I3MA if the mix is routinely 
iip p 1 ied . 

]Rubber tires are non-biodegradable and thus more durable than wood chips; 1 tierefore, shredded tires can be 
used as a lightweight fill mateirial in cmbankmenr construction 10 preveiit stability problems across soft soils. 
'The construction involves excavating improper soils, spreading geotextilc fabric on the bottom and sides of 
the excavation, placing of shredded tires, compacting with a dozer, encapsulaling the shredded tires with 
geotextile fabric on top, and grading 



As indicated by leachate studies on shredded tires, shredded tire samples :;ul)ject to a pH solution of 3.5 
produced leachate metal concentrations that exceed the Minnesota 1)epautrnem of Health Recommended 
Allowable Limits (RALs) for drinking water standards1[44]. Accordingly, two requirements were included in, 
guidelines for using shredded tires as a light weight fill material in c~onsitruction: placement of' shredded tires 
above the highest water table and adequate surface draiinage to avoid wttt.t:r seepage through ihe tire material 
f i l l .  

Tire scraps can be used to make protective crash cushions that reduce the severity of accidents involving fixed 
objects. There are two types of waste tire crash cushion: modular and starckcd. .A modular f.ire crash cushion 
consists o f  a series of tire modules fastened together with cables. These modules are made up of a large 
number of' waste tires fastened in a prescribed pattern. A stacked' tire crash cushion consists of stacks of 
tires. Tires in the stacked tire {crash cushion are usually filled wiith tliffermt materials according to the design 
considera.tion. In an inertia-type design, stacked tires are filled wkh sand, and in a pendulurn design, stacked, 
tires are filled with empty beverage cans. The estimated costs for different cushions including conventional 
cushions show that the tire cushions are less costly than convent.iond c:u.sx11ioxils[ 11 ~ 

4.44 Field Performance 

Performance and durability of rubber related pavements over the liong terrn are still unresolved. Due to cost, 
the evaluation o f  the perforrnanee has been limited to iisphalt-rulbber C/Jr seaXants, seal coats, and overlays. 
Based on a nine-year evaluation of CYJ sealant field performance, SRephe:n:b8 ( X 989) reported that site-mixed 
materials performed bettex thatn premixed materials[ 14 I. 

'The field performance of asphalt-rubber sed coats was documenteAJ in det,a.il by S h i e r ,  Pavlovicb, and Epps 
(1985), based on the evaluation of 219 random sections in 48 states, relati,ve to control sections. Where the 
performarice of random sections was worse than that of a control ;sea:tion if: a.ppears to be due to poor 
construction. Flushing is a prinnary cause o f  poor performance, which oc~;;urs from inappropriate quantities of 
lbilnder and aggregate. If the flushed sections had been properly designed, it i s  likely that the ove:rall 
performance of the seal coats would be significantly better than .the control stxtions. The asphalt.-rubber seal 
coats are more effective for pavements displaying alligator erack:s or random cracking at less l h n  8 ft 
intervals, for ma.intenance of low volume facilities in conditions under which conventional seal coat would 
oxidize arid crack due to lack of use, and for facilities where conventional seal coats could not withstand high 
trafTic voXume[4 I]. 

A SAM test section was constructed on TI3 63 near Rochester, Minnesota, in the spring of I979 using a chip 
coat consisting of an asphalt rubber tack csaa with a cover aggregate. The section was a :$-inch asphalt 
pavement, 25 years old, and badly cracked. Field performance of' tlhe scclllon was evaluated with friction 
measurements and crack counts throughout the seven year period[%] ~ When compared to the control section, 
the SAM section performed effectively. Both sec1 ions exhibited accept abk f i  iction numbers and small 
amounts of' cracking. Another SAM project was conducted on Xerxes Avcimre in Minneapolis, Minnesota, in 
September of 1985. This was an urban section with curb and gutter with bid a non-uniform surface due to 
cracking ;uid patching. Construction on several rainy days resulted in the 11s~ of wet aggregate 
performance of the section was evaluated using the surface condition ratirxl! system, and the failure of the 
section was denoted in the performarice evaluation[55] Difference between success on TH 65 arid failure on 
Xerxes Avenue appears to have been the aggregate. If precoating had lieen used for the wet aggregate on 
Xerxes Avenue, the failure may have been avoided. A SAM1 section was alsbo constructed on TI3 63. 
Evaluation of field performance showed that a reduction rather tham an elxitiiianation o f  cracking was apparent. 
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The gap-.graded asphalt-rubber hot-rnix overlays have been effective ~ I I I  controlling reflective cra.cking in the 
city of Phoenix and in variow Southern California cities and counties. Since overlaid, the pavement sections 
carrying heavy truck traffic have exhibited few problems with distress. ‘The field performance of these 
pavements also indicates additional benefits to the gap-graded asphalt-i-ubher ovt:rlays: enhancement of skid 
resistance, improvement of riding surface, and noise reduction. 
graded asphalt-rubber hot-mix overlays have been constructed by Claltrans siI~ice 1978. Compared favorably 
to conveintional dense-graded asphalt hot-mix overlays, the asphalt--rubber ove:rlays tolerate higher deflections, 
decrease oxidation and aging, resist abrasion in snow regions, deter stress development, and require less 
maintenance. In Minnesota, the dense graded asphalt-rubber concrete sectiorrs with reconstructed pavements 
and overlays were constructed in 1984. Various combinations o f  asphidt. rubber wear and bindex, and 
conventional wear and binder were considered. Evaluat:ion of ~pavernenl: perlbrmance using the seven year 
crack counts indicated that both asphalt-rubber and conventional overlays cxp~erienced an equal amount of 
cracking. When used in a reconstructed pavement, the asphalt-rubber section exhibited less cracking than the 
conventional section. The 1013 per cent increase in price over conventional mixes, however, does not appear 
to be justified[54]. 

‘The rehabilitation projects using dense- 

Demonstration projects were conducted in Florida from 1989 to 1990 to twaluate open-graded friction or 
surface course mixtures using ground tire rubber and asphalt-rubber bi,tider. Projections of the short-term 
performance of these pavements demonstrates improved durability, reducetl age hardening, ixrxprtrved 
retention of the aggregate, and greater resiliency of the binder. 

Experimental test sections of rubber mixtures were constructed in 1978 and 1979 on State Route 46 in 
Saginaw County, Michigan. 19 1985 study for evaluation of sectiorr performance concluded that the 1.5 
percent rubber mixtures perfarmed poorly with respect to reflective c r  sicking and surface disirntegration. 
However, some reduction in ruttirig had occurred. 

The use of shredded waste tires as light weight fill for road subgradt: is ;  a simple and cost conipctitive 
application which may use a significant amounts of waste tires. 

4.4.5 Recycling at the End of Life 

‘The recyclability of asphalt-rubber hot-mix concrete pavements i s  quest i o n d  because it, could cause air 
pollution (blue smoke) problerns whein reclaimed asphalt pavement (RAP) coxtaining rubber is iii1,roduced into 
a hot-mix asphalt plant and recycled in place. Another waste problem could 1 )e created when he pavement is 
eventually removed for resurfacing. However, a Florida study suggest? that these will not be a problem if a 
relatively low rubber content is present in the Iota1 amount of RAP A study conducted on worker exposure 
to asphalt-rubber hot-mix fumes showed no significant difference be1 ween those exposed to asphalt-rubber hot 
inixes and conventional hot-miix asphdt[49]. 

4.5 Buildling Rubble Material1 

Similar to crushed paving concrete, building rubble contains mostly concrete. However, a wide variety of 
materials exist in building rubble. Urban renewal activity may greatly increaxe its quantities, but building 
rubble is mostly landfilled. 
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4.5.1 Legislation and Restrictions 

According to the MPCA, building rubble should not contain non-inert ma.ierxals, such as waste paints, 
building putty, packaging, sealants, etc. Non-inert materials usually contziira chemicals that can be harmful if‘ 
1e:ached into ground water. 

4,,!5.2 M;iterial Properties 

Building rubble is what rmulls from the deinolition and removal of an t:xisting str-uclure. Building rubble is i3 

heterogeneous mixture of concrete, plaster, steel, wood, brick, piping, as1:ihaJt cement, or glass. Asphalt 
cement is mainly obtained f r m  roofing waqte, another component of bixilcling rubble, which contains about 
36 percent asphalt cement, 2% percent hard irock granules, 8 perceni filler, aiid smaller amounts of coarse 
aggregatc: and miscellaneous rnaterials[8]. Substantial variability in the cc) nsl itution of building rubble xs 
expected 

4.5.3 Construction 

The rubble portion of demolition wastes is well suited for use a!; aggregate iuu subbase applications. Building 
rubble must be separated from (other demolition wastes prior to use. ‘The processing of building rubble 
includes crushing and sizing, which can be accomp1isht:d at either primary crushing plants or portable 
crushing operations. 

4.6 Incinierator Ash Waste IF’roducts and :Materials 

The discussion of incinerator ash is separated from that of industrial ash ‘To some exfent, an incinerator is a 
waste processor which produces materials. Therefore, there is a l~oteni ial to alter the characteristics and 
amounts o f  incinerator ash residue to improve utilization operations 
monitor, and control the process so as to confidently ensure no risks are posed to humans and/or the 
environment. There two xnajor incinerator ashes: municipal solrd waste aid wwage sludge incinerator ash. 

A1 so , t cxhnology exists to carry out, 

4.6.1 Legislation and Restrictions 

Congress has not yet passed legislation that gives the IJ.S. Environnnentd Protection Agency (EIPA) the 
authority to issue nationwide incinerator ash regulations. The agency could issue ash regulations anytime 
under SuX)l.itle C (hazardor is wastes) of the Resource Conservation and Recovery Act (RCRA) 

111 1982, Ihe state legislature required that the Metropolitan Council must mvi:stigate alternative uses for 
sewage sludge ash before it %elects a disposal site. In 1988, the state legisJat-me required the MPCA to 
develop regulations for thc management and disposal of incinerator ash (hrxespondingly, tho MPCA is 
currently drafting rules to govern the use of incinerator ash (municipal garbage, sewage sludge, etc.) in pilot 
construction projects, such as road bases and surfaces I The proposed rule:; would divide the projects into 
qeveral categories, from more restrictive to less restrictive. The rules would set up ash pioduct testing 
protocols and monitoring requirements for soils, air, surface water, and grouiiud waters near a project site. 
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In the interim, the state is operating under the "'T'emporary Management Program for Mixdl Municipal Solid 
Waste Incinerator Ash 'I. This program requires all incinerator fidcility Qpel-i:itOrS to submit quarterly ash 
characterization results for separate samples of bottom ash, flyash, &d t~ombinal ash using ,PA'S *Method 
x 3 1 qxq. 

A 1991 Minnesota law requires thai tlhe mount  of toxic heavy metals found within municipd garbage be 
reduced. Manufacturers are required to decrease the amounts of lead, c;admium, mercury and hexavalent 
chromium by 600 ppm by August 11, 1993, 250 ppm by August 1,1994, and 100 ppm by August 1, 1995, 
respectively. 

4.6.2, Properties 

MSW are separated or sorted for reuse, recycling, or landfilling. 'I'ht:. total MSW produced 1m 1988 in the 
U.S.  includes 40 percent paper and paperboard, 7 percent glass, 8 5  pemxi  metals, 8 percent plastic, 2.5 
percent rubber, 2.1 percent textiles, 3.6 percenl wood, 7.4 perceni food wastes, 17.6 percent yard wastes, 
1.5 percent miscellaneous inorganic wastes, and 1.7 percent other maternal['% 31. 

After sorting, it is still possible for Iht: remaining municipal gabage to contain a wide variev crl: waste 
materials. The municipal garbage c;an be incinerated. This will prodwe as111 waste or incinerator ash residue 
generated by a refuse derived fuel (1U)F) or a nowenergy type incineeralor. Depending on the degree burned- 
out in combustion, three types of incinerator ash are defined by FIfWA: well, intermediate, ;md poorly 
burned-out. Two ash products, bottom and flyash, are produced during corwxbustion. Bottorrx ash from 
incintx-ation is the unburned and incombustible residue left on the boiler gatc after incineration. It consists o f  
slag, glass, rocks, metals, and  unbonded organic matter, and i s  coxnposexl of' large particles (0.004 to 4 inch). 
Flyash consists of burned and partidlily burned particles with a size ranging Ibetween 0.00004 and 0.02 inch. 

The composition of the Hartford RDF incinerator bottom ash was comp:ud to the FlAWA well -burned 
residue by Garrick and Chan., as shown in Table 4. After chunks Ixgltx than 1 inch were removed from the 
residue, the gradation was characterized by D,==O.187 inch and D~o=O~O16'! inch with 3 percent fines. The 
bulk r;pecific gravity and absorption were determined for coarse and fine residue. Coarse residue has the bulk 
specific gravity of 2.29 whereas fine has the specific gravity of 1.52; coarse has an absorptioin of 3.9 percent 
whereas fine has an absorption of 8.6 percent. 

The components of flyash are: largely dependent on the type 0.f air pollution control device i~ii use. Because of 
its relatively high concentration of lead arid oversized particles, a chemical fixation and physicall conversion 
must be conducted. The proc;ess for the fixation and conversion coxeir;t:i of screening off the Val-ious metals 
and large items to produce a consistent particle size. The ash i s  then chemically fixed using 21 patented 
product which causes the heavy metds, like lead, to form silicates thereby permanently reducing their 
solubility. The process was proposed for Hemepin County and laboratory tests done to date provide much 
promise for ash utilization. The treated ash pellets (TAP) fromi the process sjignificantly reduce lhe leaching 
availability of cadmium and lead to below federal drink.ing water standards, wen after multiple extractions. 
The TAP are smooth, round pebbles ranging in size from 0.125 to 0.7.iS inch and meet Mn/DUF aggregate 
requirements. 
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'I'd& 4. Composition of Incinerator Rt:sidue[3 1 ] 
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Mineral (sand, brick 
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Sewage sludge, after some form: of primary t.reatment, consists of a low solids content dispersion of variable 
viscosity, depending on the moisture contenl;.. It is generally dark brown o r  black in color, and, although it 
may contain up to 10 percent by weight of twigs, cigarette butts, anal nibblr:r, it frequently has the appearance 
of a fairly homogeneous suspension. Sewage sludge generally has; a. solids content between 5 and 10 percent 
by weight, although some sludge may have over 40 percent solids. Major constituents of sewage sludge are 
volatile solid and ash, and it niay contain a  all amount of metals s;uch as zinc, copper, lead? ca.dmium, and 
m:rcury. Because of low solid content and strength, sewage sludge must he incorporated in certain mixtures 
such as lime-flyash sulfate. 'he resulting composition generally has ade:quate strength for road embankment 
construction, low permeabiiiry, and after a suitable curing period, a.cceptable Ileaching characteristics[l(P]. 

4.6.3 Appllication and Construction 

When MSW Incinerator ash is used as aggregates for asphaltic mix, processed incinerator ash should be 
mixed wilh conventional aggregates in a 5OICiO blend. A study on unprocet;sc.d incinerator ash showed that 
when ash only is used as aggregate, the resultant mix has proven to be unsuitable in lhat the Marshall stability 
value was low (650 Ib) antl the iiir void content was excessively high (23.51 percent) because of unburned 
organic fine particIes[31]. Thc best results are obtained when the unprocessed incinerator ash make up no 
more than 40 to 55 percent of the total aggn:gate[33]. The air voids content of the mix can be decreased to 
7.2 percent by excluding some portion of particles between 0.1 to 0.187 inch, and total portion of particles 
less than 0. 187 inch. However, the optimum asphalt content of the &gj;regiittnr and unprocessed ash mixes can 
be up to 20 percent higher than that of a conventional aggregate mix. Incinexator residue corrxpo!jitions can 
be mixed, placed, and compacted using conventional bituminous construction apparatus and procedures. 

When treated with bituminous., MSW incinerator ash CiM be used iis a base aggregate after objects over 1 inch 
in size have been removed,. Natural sand and limestone are needcd for grada1.ion modification to meet 
specifications. The design mix contains 68 2; percent residue, 15 perct:rit c:onc;:rete sand, 15 peircent limestone, 
antl 1.5 pnxent hydrated lime, with an asphalt cement content of 9' percent.. The residue mixture is very 
sensitive to asphalt content and temperature. In the plait mixing, 'dust shoultl be eliminated from the product, 
and the collected stack fines should not be mixed with the residue. 13eca.use nf glass contents in the residue, 
lime is required as an anti-strip agent. Slurried lime is a more effect.ive agenl than dry lime. Vibrators can 
be used to prevent clogging at gates or bridging In bins, and care :;troultl be taken with temperature control. 
The residue base mixture can be placed using regular paving equipment[42] ~ 



The site of residential and industrial wastes landfilled in the p s i  could k)ecoxne the only plausible location for 
a highway. In order to reduce the excessive settlement and differential settlr.:ment, cornpaction with heavy 
rollers should be completed before surcharging. The new method of de~.:p dynamic compaction (DDC) in 
which a heavy weight is dropped repeatedly has been successful O K ~  projects in Arkansas and Colorado. 
Further stabilization can be accomplished by placing a surcharge with a base pad of granular material for a 
certain period before the fill is graded and paved[ 1 I]. 

4.7 Waste Glass Material 

Waste glass is separated from MSW for recycling. The current recycling tea:linology of glass has not reached 
the point where all glass can be recycled. 'Therefore, significant qrxantities ol" glass may be available as a 
secondary waste material. 

4.7.1 Maiterial Properties 

Waste glass results from curbrside recycling operations. The glass is separated by color (clear, amber, and 
green) and portions containing ceramic materials and other artifacts are discarded. Glass is composed mainly 
of silica or sand, but it also contains predetermined amounts of lxmestons and soda aslh designed to produce 
glass of uniform quality and color. Among the three basic types of glass (borosilicate, soda-lime, and lead 
glass), soda-lime glass makes up 90 percent of dl glass manufactured commercially. The chemical 
composition of soda-lime glass includes 73 percent silica oxide (%(I2), 17 percent sodium oxide (Na,O), 5 
percent cidcium oxide (CaO), and 3 percent magnesium oxide (MgO)[6] 

Since only color -sorted and contarnrnatxon-free waste glass is considerect feasible for use in tht: glass industry, 
a significant amount of glass remains unused. These waste glasses can be criishetl and used for highway 
construction, and the resulting material normally contains relatively large amciunts of flat and elongated 
particles that have a smooth surface with little or no porosity. IHowever, the use of glass partrcles has been 
reported to improve the thermal characteristics of paving mixtureslr/ I ~ 

4.7.2 Construction 

'The use of glass in asphalt mixes IS technically feasible if glass content i s  restricted to 15 percent or less, the 
optimum asphalt content is determined with the target percent of glass, gradatron controls are 100 percent 
passing thie No. 3/8 in. sieve and a maximum of 6 percent passvng the No. 26110 sieve, and the tensile strength 
ratio of the mix is 0.9 or highix. Poleritial problems with the glass asphalt mixes, or glasphalt include loss of 
adhesion lbetween asphalt and glass, maintenance of skid resistance, and break age of glass and subsequent 
raveling under studded tires. 

4.8 Waste Shingle Products and Materials 

High content of asphalt cement in shingles is an attractive factor for its reuse. Recently, wastc shingle 
processing plants have emerged to supply asphalt products for highway constructxon. 



4.8.1 Properties 

Waste shingles are obtained from waste roofing and shingles mariur;lcturers, and typically contain pieces as 
large as 3 square feet. About 70 percent by weight of the wastc roofing 1s asphalt shingles, and roughly 60 
percent of that is asphalt, a rccoverable resource. Another 20 percent of waste roofing is dirt and pea gravel. 
Wood arid metals comprise about 6 percent of the total and the rernaining, 3 percent are unusable materials 
including plastic film and paper[ 161. Waste shingles produced frorn shint::la manufacturers are relatively 
uniform Organic and fiberglass shingles are presently produced in the LI .S and contain about 30 percent 
and 19 percent asphalt cement, respectively. Ends of runs, samples, off-color shingles, and Iatl:.,:i create about 
5 percent of total shingle production during the manufacturing process. 7 hxs shingle scrap can be obtained 
directly from a shingle manufacturing plant before they are landfilln:d[ X7]. 

4.8.2 Application and Csnsltriuction 

Before shingles can be used as an additive in asphalt mixtures, proct:ssing sximilar to that of scrap tires is 
necessary. A shingle processinig facility in operation xn Chicago is producing the recycled asphdt chips (less 
than 1.5 inch) and patch materials (less than 0.375 inch) The recycled asphalt material can be blended with 
aggregate: (including somo recycled crushed concrete) m d  an emu lsxoxr -type Itgent to produce cold patch 
materials. The initial batches can be mixed in a portable mortar mixer. ‘Irhc successful appliication of a patch 
requires that it not be overspread. The outline of the hole should be folllo~~wed and the patch should be left 
about an inch high for traffic compaction. The recycled asphalt chips can be used as a paving piroducl over a 
stone base. A 4 to %inch layer of chips should be spread over the base for better performance[ 1141. 

Waste shingles from manufacturers can be used with conventional aggregates in a 10/90 blend lo reduce the 
demand of asphalt cement. The new mix meets the specification and tiemionstrates a significantly higher 
Marshall stability than the conventional mix1 1’71. A batch-type plant ciui be used to prepare the mixture. 
Waste shingles are then iratroduced through the plant’s recycled asphalt pavement inlet. Hot weather is 
preferable for construction, and a steel wheeled roller should be uwd. 

4.8.3 Field Performance 

Wearing course constructed on recreational trails with 9 percent of lotal al::gregates from was1 e shingles 
exhibits tl relatively open surface texture due to the coarse natural iiggregttltes and is performing satisfactorily 
to date. 

4.9 Plastic Products 

Plastics waste is also separated from MSW for recycling. Because only ii mal l  amount of plastics waste is 
recycled, much is available for the use of plastics in highway constructilon. 
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4.9.1 Properties 

Waste plastics are easily recyclable from the MSW. The recycling process of waste plastics will promote an 
effective utilization of recycled plast ics even if the properties of waste plastics change during recycling. For 
example, waste plastics can be processed and recycled into mixed post-consumer plastic scrap. ‘This scrap is 
melt-extruded into post and board shapes that can be applied to guardrail md fence posts. TIlere are three 
major types of recycled plastics: polystyrene (PS), polyethylene terq~htlialate (PET), and high density 
polyethylene (HDPE). The presence of dirt and other contaminants in the scrap affect the failure behavior 
significantly. The unvented batch1 extrusion process used for recyclmg wastt’ plastics results rn posts with 
large voids, metal particles, unmeltetl polymers, and plastics conten& variation, all of which sffrongly 
influences the mechanical strength of‘ tlie post prodiicls. The cross -r;ecl iond !,ize and uniformity of 
composition (after extruding) have an effect on long-term warpage resistance with age and exposure. Some 
flexural tests show a higher ultimate flexural stress in the recycled plastics posts than that of c:oiicrete. 

4.9.2 Application 

Recycled plastic products or posts can be used in guardrails and fences. The manufacturers must verify the 
material ]properties are proper for safety reasons Fire resistance should be considered anywhere, and cold 
weather resistance considered in northern states. These products mi be used as sign substrates, flexible 
delineator posts, rebar support chairs and bolsters, and pardrail offset block:.r[37]. 

4.10 Slag Material 

Slags are derived from the iron anid steel industry They are perhaps the: waste materials of grea1r:st interest 
to the highway industry. 

410.1 Legislation and Restriictions 

Heavy metals leachate regulations are applicable to the use of slag waste. ‘The amount of heavy metals 
leached from slag materials must be bellow acceptable limits. 

4.l0.2 Myaterial Properties 

Blast furnace slag is a nonmetallic by product consisting of silicates arid aluxJi~inosilicate of h e  and other 
bases. Selective cooling of the liquid slag results in four types of blast furnace slag: sir-cooled, foamed, 
granulated, and pelletized. 

Steel slag is formed as the lime flux reacts with molten iron ore? scrilp nnetal ,  or other ingredients. Steel 
slags have a high bulk density, and are expensive. 



4.10.3 Construction 

The principal use of steel slag is as a base course material. Steel slag must be aged for at least six or seven 
months prior to use in order to assure its completed expansion. lluring con:;trucI.ion, the steel slag must be 
watered down and allowed to cure for six months. 

A coarse boiler bottom slag can be used as a base material with tlne addition of flyash and lime. Maximum 
density can be obtained by adjusting the content. of flyash to 27 to 33 perc.ierrl:. The Xime content i s  based on 
the quantity needed for strength and durability. A strength of 1,800 psi, c.ured at 180°F for seven days can 
be obtained with 3 percent lirne~ 'The base mixture can be blended in a continuous flow pugmill watered to 
the optinaum water content. 'The rnix should be spread on the prepared subgrade in one full depth layer and 
compacted with a vibrating steel wheel roller. Curing is accomplished usii:lg it bituminous seaX[40[1. 

4.1.0.4 Field Performance 

An asphalt. concrete surface on a slag-lime-llyash bast: performs well1 . ?'hc: only required mainteinarice i s  the 
placement of a double surface treatment to iimprove skid resistance. Road Rater data indicates IIO decrease in 
the struc1,ural capacity and the behavior is not sensitive to seasonal c:ffc:cts 

4.10.5 Recycling at the Ihd Of Life 

111 August 1989, the Utah Department of Transportation contracted lo appI,y ii proprietary polymer-modified 
concrete as a thin bonded overlay on a 12 lame-mi, 25 year concrete highway (128,000 AADT). 'The overlay 
incorporated slag as an aggregate from the Kennecott copper smeltirig pxtzr:elas After 4 months, 3 5 percent 
had come off. Six month!; after the initial placement, IJDOT started using hll-scale grinding to remove the 
remaining overlay and to correct the rutting and faulting of the original colnciete pavement. A high level of 
heavy metals was detected in the grinding residue. Because disposal regullations have become tougher, the 
only way to dispose of the grinding residue was to incorporate the: waste into a construction project[30]. 
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5. Waste Material Evalluation 

A waste material should be tt:sted and evaluated prior to its use in highway construction. The evaluation will 
help overcome the natural reluctanct: to use wastes and to guard against possible enthusiastic and sometimes 
exaggerated claims of researchers who have investigated the wa.stes in lirborxtory studies. A large number of 
factors influence the feasibility of using a waste. Therefore, a procedure is presented in order to objectively 
evaluate these factors so that mea.ningfu1 recommendations can be made 

5-1 Procedure 

This procedure considers three majoir aspects of waste source utili~atiom: teckinical, economic;il, and 
environmental. The following steps should be followed: 

1 .  
2. 
?I . 

4.. 
5' . 
6. 
7. 
8.  
9. 

Review relevant literature and contact experienced engineers 
List potential waste sources. 
Perform initial screening process and eliminate wastes unable to meet minimum 
criteria. 
Perform technical evaluation Xisting the technical properties (of thr: waste. 
Perform economic evaluation listing the economic properties, of 1 he waste. 
Select materials fix hirtlier evaluation. 
Perform environmental evaluation listing the ecological proper1 ies, of the waste. 
Compare overall evaluation results. 
Make final recommendations. 

5.2 Evaluation 

A good evaluation depends or1 :he information available. Information OKI the changing regulations should be 
updated to determine the minimum environmental criterion. A wiisie stream has its own flow pattern which 
is strongly influenced by waste management. regulations and aclivitit:s. [nformatxon about the changes in 
waste flow and disposal sites is helpful to determine local availability. lcllost importantly, pra6:tical experience 
from other engineers can be obtained. With comprehensive information, waste candidates can be evaluated 
based on their technical and economic feasibility, and environmental impact. The evaluation procedure is 
basically a ranking process by factors or attributes using a weighted approach. 

5.2.1 h i  tial Screening 

'The initial screening is a crucial start which leads to a cost-effective evaluation. The screening i s  based on 
various minimum criteria set up by environmental regulations, conslmctitrn rr:quxrements, geographic 
limitations, quantity availability, and local conditions. 

'The minimum environmental cx3t:erio.n is that a waste candidate miist bc rlodmardous. A waste product 
should1 be identified following the standard procedures in order to determine i;f it is hazardous. .A waste that 
is on the exempt list in the hxzardous waste rules is automatically nonhazardous. Waste is hazardous if it is 
-found in the hazardous waste list or txihibiting hazardous characteristics as described in the hazardous 
regulations. The hazardous characteristics include ignitability, oxidizers, corw~:isivity, reactivity, and toxicity. 
'The detailed criteria for identifying hazardous waste can be found in M:innesc.:ita Rules Parts 7045.0120 to 
'7045 .o 135[ 191. 
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Material requirements for highway construction result in the miniinurn cr texia for selecting waste materials. 
The potential waste replacernents for cement or aggregate should satisfy (.ho corresponding construction 
requxrements[32]. The wastcs can be modified by crushing, grmding, and mixing for this purpose. The 
waste material must be located within a reasonable geographic distance ft oni a construction site or 
transportal ion costs will lie prohibitive; forty to fifty miles is conaidered ;L iiiaxirnum econonvic hauling 
distance for truck transport and one hundred miles for rail transpoi t. Thc niinimum criteria for quantity of 
waste varies with what a waste is used for. If a waste is to be used as aggregate, 50 thousaxid tons per year 
i s  considered to be the rnininaum for an aniiual road improvement prograrn ;it the municipal level. 
Accumulated quantities of such a waste should be at least 500,000 tons to meet quantity demands by the 
construction industry[25]. 

5.2.2 Ttxhnical Evaluation 

'The technical feasibility of using a waste in construction can be evaluattxl based on its technical properties. 
The technical properties include general , physical, mechanical, cheimicatl~ thcrmal, and optical properties 
related to specific highway applications such as surfac.e, base, and shoulder iilses. A simple evaluation system 
can be established by listing relevant technical properties of waste c;andid;ste!; to the application considered. 
Clearly, the reliability of the system depends on the data availability. Evsduitting the number of relevant 
properties to the application, waste candidates are classified. The more: rrr:levant properties a wa.ste possesses;, 
the more potential it has, and tlhe higher it will be ranked. A fourdass technical evaluation system could be 
used as follows: 

(:Ilass 1: 

(:lass 2: 

( IlaffS 3: 

Class 4: 

wastes that have the highest potential for use: anal rec1un-e a minirnum 
of processing prior to use. 

wastes that have relatively high potential and require D'IOTR extensive 
processing such as pelletizing and sintering. 

wastes that have relatively low potential for use and miay require a 
formidable tmount of pxocessxng, may have some oixtsl anding 
undesirable physical properties, and may have rathei norr -uniform 
characteristics" 

wastes that have no or little potential. At best nirght bc: used in small 
amounts as a filler or in very speci ized applications. 

A number of waste materials wlere evaluated for their potential use :IS aggtegates using the four class system, 
as shown in Tables 5-7. 'The wastes listed in each class are alscy rarxkedr2';iI 



Table 5. Te:cfical Feasibility for Aggrqpte Use in Base 

Table 6. Technical Feasibility for Aggregaia: 1 . 7 : ~  in Bituminous ]Mix 

thracite Coal Refuse 
Rad-Zinc Tailings imino us Coal ]Kcfuse 

11 Shingle scrap I Building Rubble I II 
Steel Slag 
Feldspar Tailings 
Copper Tailings 
Phosphate Slag 
Phosphate Slime 
Iminer,ator Residue 

- ------_-----_- 
- --_---._-----_- 

__ 
- ----_- 
- -__---_---I-- 

- c Boiler Slag 
Zinc Smelter Waste 
Gold Mining Waste 
Paving Waste 
Blast Furnace Slag 
Waste glass 

.- 

.- 

.- 

.- 

---- 

Table 7. Technical Feasibility for Aggregate ‘Use in Concrete Mix 



5.2.3 Ea:onomic Evaluatiorr 

The reuse of wastes results in many intangible benefits. These factors slxoiild be included in the guideline for 
evaluating the economic feasibility of usin:: a waste. The evaluation procedure is outlined as follows[25]: 

I . Develop local cost figures including disposal, processing, l:ra.uslrortal:ion, and 
construction costs for wastes; versus material, processing, l:rainsi:,ortatiom, and 
construction costs for convernticml materials. 

2. Develop economic attributes such as annual quantity, ecanom ic location, resource 
value, application acceptability, ecological influence, energy conservation, and social 
consideration for wastes ~ 

3-  Rank waste candidates for each cost item and economic attrit~iutc:. 

4.. Classify wastes in ,an order from the highest to the lowest poitenfiial. 

Table 8 shows the evaluation results of selected wastes for aggregale i i ~ e  iiisixig this procedurc.:. 

Table 8. Economic: Feasibility for Aggrt gate Use in Highways 

Incinerator residue Rubber 1 ires Phosphate Slime 
_.-I------_ - I---- 

Shiriqle scrap Batteiry Casing!$ Sulfate Sludge 

Bottom Ash Steel Slag Iron Ore ‘a’ailitigs Scrubber Sludge 
_-I- .-__-I 

11 Boilerslag I Zinc ~rne1ta:r Waste I Feldspar Tailings I Sewage Sludge 

11 Anthracite Coal Refuse 

11 Bituminous Coal Refuse 

-- -_I_- 

-.-_- 

.-.- 

Taconite Txilings Waste glass 

Foundry Waste Buildin:; nibble 

Phosphate !<lag Dredge Spoils 

---------_-_..-._“I_- 

_-------_--..-I ._-- ---- 
__-_I--- 

42 



5.2.41 Einvironmental Evaluation 

The environmental impact of' a waste is also evaluated by a ranking system, which iiicludes four major 
attributes: recycling, processing, constructing, arid operating. The recycling effects are relai.ed to disposal- 
induced environmental problems, natural resource conservation, and virgin material shortage,. Types of 
processing, amount and disposal of secondary wastes, and location o f  a processing operation with respect to 
populated areas affect the rank of a waste. Constructing effects ir~liutle construction related environmental 
problems such as dust and spill, and the operating effects in the 11ighw;zy lift; span are ground water 
contamination due to leachate and ninoff. All possible wastes used as aggregates were ranked by Miller and 
Collins (1976) in terms o f  the most benefit (or least da.mage) to the environment, as shown in Table 9[25]. 

Table 9. Ranking of Wastes According 1.0 the Environment 

Phosphate Sliime Feldspar Tailings 

Shingle scrap 

Blast F'arrnace Slag" 
--..- 

II Paving Wastes 

Rubber Tires* It 

11 Boiler Slag I Zinc Tailings 

Shingle scrap Feldspar Tailings" 

Incinerator Residue I3ituminous Coal Refuse Alumina Mud" 
Rubber Tires Rc,ilt:x Slag* 

11 Rubber Tires I Taconite tailings It 
11 Blast Furnace Slag I Iron Ore Tailings I Hotitom Ash* II 

Incinera.tor Residue Bi tuminaius CoaI Refuse* 

Anthracite Coal Refuse* 

* I-eachate consideration 
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6. S tate-of - the-Prac tice 

To obtarn information on the current practices of waste reuse for highway construction in Minnesota, a 
questionnaire was developed and distributed to d1 city and county ageincies I The questionnaire requested 
information on the type of waste materials currently used in highway constmctions, their applications, field 
performaaxe and case studies. Of the 198 questionnaires distributed, ’79 citxcs and counties have responded 
(40 percent). Besides providing answt:rs to the specific questions, respondexits rho sent information 
concerning their own use of various waste materials in highway construr:txon. The survey heiiptxl in 
determining the latest trends, applications, and experiences in the use O F  waste materials. 

6.1 An Overview of Currenit Statewide Practice 

Among responding agencies, 39 had experience in the reuse of‘ wastes for highway Construction, 4 had 
experience in recycling waste,s other than paving waste, 1 is corisidering lhe ireuse of waste, and 35 had no 
experience (Figure 6). As shlown in Figure 7, there are many wastt: material:; used by agencies. These are 
recycled paving wastes, coal Iflyash, waste glass, building rubble, coal bottorrx ash, sewage sludge, rubber 
tire, asphalt shingle, waste paper, mine tailing, and wood chips. 

USE OF WASTES 
(79 R ES PO N Ii ES) 

FOR 
COUNT1 ES 

54 % 

FOR 
CIT’IES 

46 % 

___l_l_________~._I --.._ ~ 

Figure 6. Use of Wastes in Minnesota 
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Figure 7. Waste Materials Used in Highway Construction 

A total of 14 waste products Ihaxe been identified that are currently in use a d o r  being studied experimentally 
in a varicty of highway applications (Table lo). Of the 14 waste products, only 4 are presently used by moxe 
than 10 percent of the respondents. These include waste paving mzlteriids, flyash, scrap tires, and mine 
tailings. Current practice indicates that waste paving materials, flyifih, anid scrap tires are used Iby a large 
number of respondents. 'he evaluation of waste materials with respect to economic, technical, and 
environnrental factors is geneirally reported Most waste materials irsed m r e  evaluated as at Xeasl competitive 
with the conventional materials, satisfactory and acceptable, respectively. However, the use of steel slag, 
mine tailings, and scrap tires were considered as uneconomical. 'The sun'isy results are shown in Table 11. 
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Table lo.  Current Uses of Waste Materials in Mininr:sots Highway Clonstmction 

2 Crack sealin 
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Table 11. IZvaluation of Waste Maiiterials 
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6.2 Case Studies 

6.2.1 Case 1: Shredded Tires, IBernton County 

Near Rice in Benton County, shredded tires were used as a lightwexght fill materials for Stats: Aid Highway 
21. This road as constructed actually floats over swampy soils. I h e  two -1a~e  highway was orxginally 
constructed with a sand and gravel subbase and was performing wt:IX. Over the years, the surrounding water 
levels increased to the level of the road, and an attempt to raise tht: roaclway with the conventional granular 
fill overloaded the underlying 12 ft thick layer of peat and muck arid caused an embankment failure. After 
performing a cost/benefit analysis, the county decided to use shredded tires ;is a lightweight fill inaterial for 
reconstruction. 

Reconstruction on the 250 ft ,sectiion began in the fall o f  1989. The first. step was to excavate to a point one- 
half foot above the swamp/miush level. Next, a geotextile fabric was sewn together and positioned at the 
bottom of the excavation. Falllowing the fabric, approximately 52,000 shredcled tires were deposited in a 2 
foot lift to a level of 3.5 foot below thle top of the subgrade elevation. 'The shredded tires had a size less than 
8 inch square or round and shorter than 1% inch in length. The shr,eddecl tires were compacte:d and overlaid 
with another geotextile fabric layer. Then, the granular materials were pla.ct::d over tlhe fabric: and the fill was 
compacted with ordinary compact.ion. Finally, the gravel base and sub~bctse was replaced arid the roadway 
was allowed to settle naturally for st:ve:ral months. The bituminous surfiice was put clown the: following 
spring. To date, the county road has not experienced any significant sct:kl:lements and the bilniminous surface 
is performing well. 

6.2.2 Case 2: Waste Glass, Sibley County 

Sibley County, the Office of 'Waste Management, and Mn/DOI' combine:d efforts in a project to utilize waste 
glass wityn low grade aggregate for better base materials. The mixed base materials were used to rebuild 
Sibley County Road 6. 

Three hundred and thirty tons of inixecl glass which were not suitable fol recycling by glass industry were 
used. The disposal tipping fee of $20,000 made it economically fe;tsible to crush the glass was with low 
grade virgin aggregate to make Class 5 gravel base. A front end loader took a bucket of glass and spread it 
in the gravel pit. Ten buckets of the mixed material were then loaded from Ihe gravel pit into the crusher so 
that about 10 percent of the mixture was glass 
percentages passing the 3/8 inch, #4, #lo, lf40 as anticipated, hut i t  also raised the portion passxng the #200 
sieve about 2 percent, which was no1 anticipated. 

The introduction of  the glass not only reduced the 

The mixed glass aggregate was placed in a 1,000 ft test section on the 3.7 mile construction prqject. 'Three 
3-inch lifts were placed with a final 4 in. lift of virgin Class 5 aggregate and surf'aced with 3 inches of 
bituminous. During construction, the glass--aggregate section was expos8etl to local traffic without incident of 
tire puncture or any other apparent problems. Raveling of the surface appeared to be: less than the rest of iht: 
roadway. Grading and compacting of Ithe material went without incident exct::pt that more power and a down 
shifting of  gears was necessary to plaice the mix because of greater friction. 

Preliminary results indicate that low quality "sandy" aggregate can be enhan6:ed with the introduction of 
crushed glass, thus increasing the utilization of low quality aggregate a s  well as disposing of im otherwise 
useless waste aggregate. 





7, Closing Remarks 

An evaluation based on the technical, e:nvxronrnental, and economic factor:; ixidicated that waste paving 
materials, flyash, incinerator ash, waste shingles, rubber tires, and slag have significant potential to replace 
portions of conventional paving materials. Reuse of these waste products call be realized by :i combined 
effort among waste management, natural source reserve, environmentd protection, and highway construction 
agencies. 

Waste recycling and processing provide more and more constrlction maier ials as well as secondary waste 
materials. Specifications and procednres are needed for these matexrds lo bc applied to highway 
construction. After pilot projects have been successfully conducted mnd :specifications implemented, these 
materials could be used on a routine basis. In the future, a connplete closed-loop recycling process can be 
built: product to waste to infrastructure 

Waste processing by incinerating or cornposting also produces more and IIXQPI.: waste products that can be used 
as construction materials. Post combustion treatment technologies, which include stabrlizatiorr, vitrification, 
and residue metals extraction have potentiill to improve the residue characteriis;tics for utilization in highway 
constructiion. [Jnder controlled construction, these processing residues can t)c utilized withouli imposing 
environmental risk. In this wily, controlled disposal and construction are combined irdo one practice, thereby 
resulting in a cost-effective alternative. 
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