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Executive Summary 

The Minnesota Department o f  Transportation (Mn/DOT) has bem using recycled concrete 

aggregate (RCA) products as replacemrmts for vlurgiri aggregate products in pavcrnent fixmhition and 

other applications since the early 1980s. However, concerns have developed in recexd. years a bout 

some aspects of the performance and environmental impact of these materials whe:n used in 

pavement foundations. Performance concerns have centered on the production of d e:pasits of 

calcium carbonate preeipiiate and otlner fines, which are belicvetl to reduce the pertncability or 

drainage capacity of the recycled concrete foundation layer and any associated drainage :;hctures 

and filter &%brics. Environmental conc:erns have focused on the relalively high pH of'thr: effluent 

produced by pavement drainage systems that remove water from untreated recyd ed concrete 

aggregate foundation layer:;. 

The author has reviewed the results of 11 field and laboratory sturdie,s that have been performed 

:;ince the middle 1980s to examine these concerns and others. The rcqxi~rlt details the re:sults ofthat 

review, and the following summaPjizes some key points. 

Mitigation of PrecipitatelIDrailnage Problems 

The tests and field studies demonstrate that calcium-based corn]iiouj ds; are present in recycled 

concrete aggregates in quantities that are sufficient to be leached and 1pre:cipitated in thc pxsence of 

atmospheric carbon dioxide It ha5 fiuther been demonstrated that dJ1 r eeycled a:onciretc aggregates, 

regardless o f  gradation, are: capable of producing various amounts of precipitate, with the precipitate 

potential being directly related to the mnount of fieshly exposed cement plate surface especially with 

increased quantities of cement paste fines. In addition, it does no1 appear that selectiw girading to 

eliminate fines or blending with virgin aggregates will eliminate pirecip~tate potential. IHowever, 

these steps may significantly redluce precipitate potential. 

The University of Toledo researchers found that i&Out one-third of recovered Yufaceoiisv' material 

was insoluble residue that had washed out of the base. MnDOT perrriiktivity testing of I-ileld samples 

of drainage fabric also indicate the presence of significant quantities o f  insohble or 

noncarbonate-based compounds. 'I'lherefore, it seems likely that wasknj; or othenvxse clleming the 

recycled concrete products before using them in pavement foundation layers should. reduce the 



accurnulatioln of crusher dust and other fines in and around pavement drains. Howe:vt:r, it $(:ems 

.unlikely that precipitate potential will be significantly reduced or elirniriated by washing $or clezming 

the crushed concrete before using it. 

Mn/DOT field studies have shorn that precipitate and insoluble residu.e accurnullaitions; c m  

produce significant reductions in the permittivity of typical tlraindge filter fabrics, E(0vV'c:ver these 

studies also show that filter fabrics at: available with initial pemittivjtie!; that arc great. enough to 

withstand significant amounts of material deposits without reducing pemittivities to imacceptalbly 

low levels; pipe drains that are unwrapped and placed in trenches lbac;k-:fUed with permeible 

granular materials may exhibit better long-term flow t:haracterktics ihan those that arc .w:aippedl and 

.placeti in sindar trenches;; and accumulations of precipitate and insolublle residue have IDC~I:, thu!j far? 

been found to occur in qwmtities large enough to signjificantly reduce the: .flow capacity of most pipe 

drains. 

The report details slpecific ram-nmendations for RCA base corriposition and gr:xtXal;i.sPn; drain 

system design and maintenance; and use of RCA fines, including t3hle fill~vcring: 

0 Eliminate the intentional incllusion of KCA fines (#4-minus) in drained, umstabil.ized 

pavement foundation layers.. 

0 Design the drainage systems to accommodate the limited yuiantity of crusher fines ,and 

insoluble: residue that are prodriced by pavement bases, both mtwal and recyc:ledl. 

Blend open-graded RCA. prodwts with virgiin aggregates to prolduce gradations reqpired to 

improved stability and density and to fbrther reduce precipilala: poteintiad in drainedl pavewnenl 

foundation layers. 

0 1Jse drain pipes that are either imwrapped. or wrapped in filttcr fabrics with. high initial 

permittivities. 'The report allso offers a more detailed andysis of drain pipe and pavement 

drain specifications. 

0 The use ofunstabilized RCA fines (#-minus materials) shoudlcl be restricted to :m:w that are 

below any drainage layers 01p skuctures.. 

Testing for ]Precipitate Potential 

The Michigan Department of' Transportation recommends the use of ciilcim ion conczentration to 

determine the precipitate potential of rwycled concrete products. Resei lrch currently imdcr way at 



the University of Minnesota is also comparing the abilities of pH and calcium icon ccmcentraltion 

inieasures to predict the formaiion of calcium carbonate precipitate. If it proves am improved 

measure, the test should be developed m h e r  to include appropriate acceptance/rejec:t.ion criteria. 

IRecementin~g of RCA Containing Fiiimes 

Eliminating the use of fines from drained foundation layers should all but eliminate this concern 

as welll. While the rect:meinting phenomena does appear to t&e place when significant cpantiities 

of frnes are present, MdDOT stockpile experience suggests that COULTSC:, open.graded ~~~iilterials (lo 

not become recemented in the short tmn (one year of exposure). 1rhe report also discniusses ihe 

design of concrete pavements that are constructed directly on RCA foundation layers c:oritaining 

significant quantities of fines. 

Corrosion of Rodent (hard Screens 

Concerns about the corrosion of rodcnt guards would be eliminated H f Mn/X)QT were to require 

the use of rodent guards fabricated foni  plastic or other corrosion-resislanl materials. In additlion, 

the recomrriemdations made concerning the reduction of precxpitate/tlrainage problems would also 

probahly reduce corrosion problems. 

Environmental Concerns 

Whille the effluent from RCA ffoundation layers is initially extremely alkaline, it has rarely been 

documented as being sufficientliy alkaline to be considered an environmental hazard. 'With the 

effluent usually effectively diluted at a short disimce from the drain imIlet3 it seems 1Iiltt:ly ihat 

environmental concerns are probably restricted 1.0 a very small region in the vicinity (of ilbe dram 

outlets. Furthermore, the recornmendations provided above, which aire intended to reduce the 

formalion of precipitate and the deposit of other insoluble residue, &a, should reduce initial pH 

levels and the time required to stabilize the pH of the runoff lo "tap water" levels. li3vIdence to 

support or disprove this theory vvill be available when the Michigan Ccincrete Paving ,4ssascialion 

study is completed later this year. 

The report also talks about environmental concerns other than pH. 



llnterpretation of Applicable Specifications Iby Contractors 

The report reviews current applicable Mn/I;DOT specifications ithat relate to the iise off crushed 

concrete matenals in granular base and bacMilll applications. Wrhil e 1 he a:iment qmcificaitions 

already addlress many of the concerns addressed in the report, they also appear to be very 

conservative: and could be clarified and modified to allow increased use of crushed comm:te products 

without risking significant drainage problems. Appendix A contains a copy off the ccurrenl., relevant 

Mn/T)OT specifications with modifications that reflect these aecomunendations 



1NTRQI)lJCTION 

The Minnesota Department of Transportation liais been using recycledl concrete aggregijte (RCI A) 

products as replacements for virgin aggregate products in pavemlent foundaticm md other 

applications rsince the early 1980's. However, concerns have developed in rectmt years about mrne 

aspects of the performmce and environmental impact of thest: materials whcn used in pavennent 

foundations. Performance coiicems have centered on the prochiction of deposits of' calcium 

carbonate precipitate and other fi~ies, which are believed to reduce the permeability or drainage 

capacity of the recycled concrete foundation layer and any associated drainage structures and filter 

fabrics. Environmentall concerns have focused on the relatively high pE-l of the effluent ]produced 

by pavement drainage systems that remove wateir hom untreated recycled concrete aggregate 

foundation lacyers. 

The Minnesota Department C D ~  Transportation and other agencies hiwe conducted in mimber of' 

studies since the middle 1980's 10 examine these concerns and other!;. This report surnrniarizes ilhe 

activities and findings of some of the more relevant studies, m d  provides recormne:ndatioxls 

c:oncepning the continued use of crushed concreie products in Mimesola pavement f~ai~mdiationis. 

1 





FIELD STU1)IES 

1-90 near Austin, Minnesota 

A section of 1-90 near Austin, IVlinnesota was reconstructed in 1985 using recycled cmncrete ibase 

materials. Site visits conducted as eady as 198’7 rcwealed that while some of the drain pipes had 

remained clean, others were approximakly 1/4 Filled with maternal deposils (Figwes 1 and 2). hdore 

recent site visits by this author (summer of 1994) fbuind minor material deposits in some drain pipes, 

with more significant deposits irn and airound the concrete drain pipe heiid walls (see 1;igures 3 md 

4) Xnterviews with Mn/llBT personnel indicate that the drains have been rnaintaixrcsd ((cleaned) 

periodically since construction. All ofthe drains observed now appesu to be carrying wa1e.r and are 

not significantly obstructed at the outleis. Areas of vegetation kill w:re olbserved near sonie drain 

outlets and slome metal rodent guards were corroded (see Figures 5 and 6). Howeveq frogs and 

water insects were observed living in the water that was pooled in and around the &tin outlet 

headwalls, suggesting that current effluent is no1 loxic. 

Filter fabric samples; were obtained from several project locations for pexmittivity ksting by 

MdD07’ in 11989 and 1993. The intenl ofthese tests was to detemiiine whether the acciurriulation 

of‘ deposits on the filter fabrics srxlrroundhg the chain pipes was sigmfilficmlly impeding dnziinage. ‘]’he 

results of these tests, sunvnarized in Table I ,  indicate that all1 of the samples have I::xperienwd 

significant permittivity losses during tht:ir field service (average of 50% i&ftt:r 4 years of service and 

53% after 8 yeaxs). Many of these saimples ~ Q W  exhibit pemittivities that might be colnsidered 

marginal or unacceptablc for continued pavement &linage (less than ID.7,lsec, which is [lie II~n/TlOT 

Specification 3733 ‘Type 1 fabric limir). Samples obtained From the side of each pipe generally 

exhibited lower pennittivities than thosa: taken from the top or bsttoim; samples taken f k r n  the top 

generally exhibited lower pemiittxvities than those taken from the boltom of each pipe. This 

phenomena is consistenl with the theory that the fabric on the bottom of 1 he pipe would accumulate 

lesser amom ts of precipitate because il is submerged for longer periods off time (and is, t herehre, 

exposed to atmospheric carbon clioxiide for less tirnt:) than the side or top of the pipe. 
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Figure 1. Photo of typical 1-90 (Austin, drain outlet, 1987. 
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Figure 3. Photo of typical 1-90 (Austin, MN) drain outlet, 1 . I 
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These tests also indicate that, while much of the observed permittivity losses were due to buildups 

of carbonate-based materials (I  7 - 84%, as indicated by the increases in permittivity idler soaking 

m acid), significant permittivity losses (83 ~ 16%) were caused by builtlups of IYM m-carbonate 

materids that were not soluble in ncicl, but were removed upon washing with 11% Alca~inox :solution 

(see Table 1)- 

I t  should also be noled here thktt lhe nominal imtiali permittivity ofthe ‘ITypar 31341 filter hbric used 

on this job is only 1 .l/sec, which is not much higher than the MdDCDT Specification 3 ‘733 limit of 

0.7/sec. Many fabrics are available with initial pemnittivities thai are milch higher &in this and 

would, presumably, still provide acceptable drainage in the pn:st:nce of comparable ckposits (see 

reference 9). 

In sunnmary, the results ofthis study suggest the following c~)ncIiusions: 

1. 

2. 

3. 

4.. 

Large quantities of fine ma~h:ri,al[s were discharged into and though 1 hc pavement dkainalge 

system within ihe first two :years of service (see figures 11 and 2). Periodic marirrlenaunce has 

successhlly kept the drain pipes free of siginificant buildups. 

‘These fines have also accumulated on the fabric that waps the drain pipes, rt:srxlting iin an 

average permittivity loss of51Q% &er 4 years; (or less) of service. Only minor adtlntiond losses 

(an average of 3%) were ~bverved after a total of 8 years of service 

The materials that accumdais within and around the paveiment drainage: system ;ire cornposed 

of varying proportions of both carbonate-based andl nonc~~~)onatc:-b~ised materials. 

After nine years of service, here are still areas of dead vegetation near some oftlie dbrainaige 

outlets. It is nor h o w  for certain whether this is a result of initial discEnarges of undesirable 

materials (e.g., soon afier construction) or of continuing di:;chargc:s. Thc currernt presence of 

small animals and insects xn the discharge pools suggests fjhat s:urrc:nt diischxges SIR: not toxic. 

8 



Trunk Highwary 212 near Glcncoe, Minnesota 

Edge drains were retrofit along highway 212 near Glencoe, Minnesota in 1985. The preexisting 

base consisted of naturul aggregates graded to MidDOT Class 5 ,  S,amples of lhe 1snj;itutlinal edge 

drain wrap were removedi in 1989 (after 4 years of service) for penrinittivity testing of” the type 

described previously. Pemittxvity losses at the top of the pipe averaged 1 .Q/sec> dropping the fabric 

permittivity below the MdDOT Specification 3733 limit ofO.’;”lsec:; losses at the bol tom averaged 

O.S/sec. The permittivity losses were determined to be almost entirely due to t>uildups of 

noncarbonate material. 

Although little additional documentation of this study was availaible to this a u h r ,  the data 

provided illustrate that significant reductions in filter fabric permiMivity can take place: even in the 

absence of recycled concrete base materials. ‘Thus, evaluations o f  the Ipemntbivity loss associated 

with recycled concrete aggregates should include a determination of the amount Q loss that is due 

to noncarbonate materials that might be produced by other types o f  base materials. 

Lakevillle, Minnesota Test Beds 

Seven test beds were construdeal in the fall of 1989 using recycled PC‘C ~ rwycletl AC and Firgin 

Ximestone base materials to measure variations in thc quality and (pimtity of wdter flowing though 

these beds over time. IEach test bled was constructed 75 ft long, 10 fi wide, 6 in deer’ iund with a 

constant cross slope of 0.0 15. The base mdterid:; were not compacted. IEdge dram were placed at 

the low side of the cross-section and one headwall was provi~ledl at the end of each section. 

Polyethylene sheets were placed under each bed and berms were c:onslfuctc:d aroimncil eiu:h bed to 

prevent tlhe entry of runoff’or groundwater. ‘rhree of  the test bed:; were constnxctcd u:ung recycled 

concrete materials: 

e #1 was a blend o f  crushed concrete and gravel graded to mee:l Mn/lDO?’ Class 5 (with most 

of the material passing the i# sieve being composed of c ~ d d  concrete ]particles:), and a 4-in 

unwrapped perforated drain pipe in an edge drain trench that had heen bac:kfdled with fine 

filter aggregate; 

#2 was identical to #I except that the drain pipe was W i l p p d  with fdter fabric; 

o #7 was im open-graded blend of #4-phms crushed rock ;md # 4 - m h s  R(:Pa, with ~191 

unwrapped perforated pipe placed in an edge drain treinc;h luackfilled with pmneable 

aggregate, 
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#3 was composed of Claiss 5 gravel and sand, #4 was composed of 1-in minus milled 

bituminous, #5 was cornposed of crushed bituminous between #4 mcP 3/4-iri, anti #ti was an 

open-graded crushed rock. 

‘I‘he testing was terrninated in 1992 when MdDO‘F researchers removed the drainage pipe:; to test 

the permittivity (9fthe drainage I’abrics; and determine the amount of  prec “pitate Ithat was (accurnulaited 

in the drain systems. 

The results of permittivity testing on samples obtained from the top imd bottom CDF the IRCA 

drainage pipes are swmarized in Table 2. ‘These data indicate that alll sections experienced 

permittivity losses dluring their field service; however all o f  the s i ~ l ~ l e s  retrieved exhibiied 

permittivities that wodd be considered acceptable for continued pavement drainage (al L were greater 

than 1 .6/sec, and the werage wac~ 2.44/sec; Mn/D(>’T’s specification 37 33 provides a Xower llimit of 

O.7/sec on this value). ‘fie nominal original permittivity of IBuroxn CXF 130-EX fabric: ucsedi on this 

job is approximately 3.6. 

These tests also indicate that, while much of the observed permittivity losses were ~ L K  to tuilduips 

of carbonate-based rnatenals (64 - 71%, as indicated by the increases in 19ermittivxty after soaking 

in acid), significant permittivity losses (29 36%) were caused by builclups of ncm-carbonate 

materials that were not soluble in a i d ,  but were removed upon washing with 4 % Alconox solution 

(see Table 2). 

Samples obtained from the top of each pipe often (but not consistently) exhibited greater losses 

of permittivity (averaging 34% less ihan mominall) than those takexi from the bottom of each pipe 

(which averaged 3 1 % less than noizinal). ‘These differences were not gmerally statistically 

significant. It is likely that the isolation and efficiency of the draimge systems associal ecl with lhese 

test sections prevented the accumulation of standing water in the pipe!;. A more typicail drainage 

system (e.g., the one at [-90, Austin, MN) would be more likely to accumulate standing water and, 

therefore, exhibit differences in permltfivity loss between the top and bottom of ithe pipe, as 

described previously. 

Boroscope inspections performed in late August of  1992 found smdl amouxrtx of calcium deposits 

in the drain pipes associated with die recycled concrete sections. The sediment in section :2 was ordy 

deep enough to fill the pipe comigalions in low areas ofthe pipe; section 1 had somewhat more 

sediment in several areas. It wiis >noted that these deposits did no1 appc:ar to be clogging the pipes 

QT interfering with drainage [L2] I 
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Table 3 s m a r i z e s  pH data oblained from the IAcevdle test pads. These data indxcate that the 

average pEI of the effluent from the bases containing recycled concrete: aggregate (pads # 11,2, ilnd 

7) was slightly more alkaline, on the average, than those of the other bases. These averages are 

$riven up in part by the fact that r.he pH of the recycled concrete beds showed an inibiail high peak 

within the first year (1 0, 12 and 9.2 for pads 1 2 arid 7, respectivcly); c:ffluenl fkom the: other beds 

started (and generally remained) between 7.7 and 8. The pads containing recycled cioricrete bases 

typically dropped off quickly from the initial peak values and produced &fluent with. an (average pH 

of around 8. It is also worth notang that bed #7, an open-graded blend with rellatively few recycled 

PCC fines, exhibited lower pH vallues and less variability in results thnin either beds #’I or 2. ‘I‘lhis 

supports the theory that the recycled concrete fines are the principal souu~ce of incrwsed 1pH and 

precipitate. 

Table 4 summarizes rair&ill and tipping bucket flow data for tlie Lakcville test beds These data 

show that test bed 2 generally produced less outflow for any givem rain Ifall than my otlher test bed; 

test bed 1 produced 10 .- 160 percent more outflow than bed 2 (probably becau:je bed I inchtided an 

unwrapped pipe), but still less than the other test beds. Test bed 7 prodiaced 2 to 35 times as much 

outflow as test bed 1 and often produced more outflow than my olher test bed. 

These data are probably best exp1,ained in terns of the effects of aggregate grading anid drain 

configuration. The dense-graded Cli3sS 5 materials found in test beds 1, ‘2 (recycled fxnes) and 3 

(natural materials) a e  not intended to be fast dlraining materials, and they aren’t. H[owever, the 

presence of recycled fiies probably hrther impedes drainage in these materids by f2wdIv:r reduciing 

flow channels (through self-cementing act ion, a evidenced by compariiag t hc results of bed 3 with 

bed 1) and by depositing prrxipihle or other fines on filter fabncs (as evidenced by coirnparing the 

results of bed 2 with bed 1). The superior perfomaices of test Ired 7 and 6 (which was made using 

an open-graded natural material) provide testimony to the overwhelming inlluence of aggregate 

grading on base drainage. 

Thus, the data presented in iable 4 suggest that crushed concrele yhould provide mccepplahle 

drainage performance in open-grmdcd bases lhat are drained by proper/y-designed longitudinal 

drain systems that do not includc geotextile fabric- wrapped longitudinal p@es In additiion, it is also 

resonable to a s sme  that, fiom a drainage staridpoiint, recycled cmcre te products coni1,d be dense- 

graded bases and othw layers that me no1 intended to be drainable. 

12 



'Table 3. Summary of pH data for test ]pads near Lalkwilllle, MN. 

1 . 1 1 . 1 1  

Table 4 Summary of rainifall and tipping bucket flow data for tesl pads near 

Lakeville, MN,, 
I-.". 

Fllow in Test Bed, gallons 
-*I---. 

5 
101.52 
4 1 .'76 

34 1.28 
252.'72 
82.80 

193.32 
23.04 

N/A 
6 1 .!)2 

-----I. 

--.----. 

18 1.44 -..--.-. 

-- 
Date 

511 9/90 
6/12/90 
611 6/90 
7/27/90 
32219 1 
5125191 
911 2,/9 1 
411 8,192 
711 1192 
8/7/92 

-- 

-- 

-- 

N 
Rainfall $in) 

1.19 
1.05 
1.24 
1.32 
1.14 
1.65 
1.14 
1.52 
0.46 
1.63 

----- 
-_--- 

----- 

----- 
169.58 
15.16 

N/A 
3'7.99 

432.46 881.76 
NJA N/A 

307.65 50.78 
619.46 N/A 
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WDOT's  Environmental Engineering section monitored various mcasines o f  the aimi flow water 

quality for the seven test beds, including pH (already dliscussed), alkali concentrat~ion, hardness, 

bicarbonate alkali concentration, ahminuan concentration, chromium coxicentration and snnductance. 

While summaries of these data have been compiled, this author was not prov~ided with m y  reports 

or conclusions that have been drawn from this raw data; ii would be inappropriate for i his author to 

comment firrther on these data. 

From this study o f  drainage test beds constructed near Lakeviille, Iklinnesota, MnDOT's 

researchers concluded that: 

1. 

2, 

3. 

4. 

5 .  

The drainage c:harilc terrsticx of the sections constructed using crushed concrete did not 

deteriorate significantly over the 2.5-year study; 

'The quantity offlow and percentage of rainfall retrieved was slightly higher fix the section 

constructed using unwrapped drain pipe; 

The pH of  the effluent geneirdy decreased over time, with slight peaks early irr t lhe year; 

Some calcium deposits were observed in the drain pipes associated with thc.: R C A  base 

materials, but these deposits did not appear to be clogging the 19iges or interfering with 

drainage; 

'Bere was some "cementing" ofthe top few inches of the trench lilter aggregata: CPXP test beds 

1 and2. 

This author agrees with the coanslusions given above that are based on the rcported daiaL mcl offers 

the following additional observations and conclusions: 

I The minor peaks in pH that occmred every spring (and most Falls, as wcll) are lprobably due 

to more frequent wetting of aggregate without complete clryirig duriing these wc:ttt:r. seasons, 

which may allow the leaching of  greater quantities of calcium-based ~ o u ~ p o ~ n t l ~ .  

The pH of the effluent fiorn lest beds 2 and 7, which vc?uled betweerc 8.5 ar~L 9.0, rarely 

exceeded that of"hard" tap water and averaged only slightly IXIOIX: than 7 (neutral); the pH of 

bed 1 was greater than 8.5 tci 9 about 50% of time, but neveir higher Ihari 10 (sixv:e 3/90) and 

averaged only 8. Wile pad 3 (control) consistently averaged about 7.3 (range ofCi.5 to 7.'7), 

all of the test data indicate pH values that should pose no long-teim eimvironmeritai~ concern, 

Even the effects of initially high pH values would be liInited bwause. a) they iure of short 

duration; and b) the high-pH outflow would be quickly diluted andor neutralized b y  the larger 

influx of surface mioff- 

2. 
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3 Much more water generally flowed from bed 7 than almost any other bed; mudl less flowed 

fiom beds 1 and 2, with bcd 2 generally producing the least omlflow of all. ‘The:;(: results may 

be explained by the differences in aggregate grading ;and the use of fabric wrap around the 

drain pipes. Beds 11 and 2 were constructed of a relativelly densely-graded Class 5 material, 

which should have a lower water loss potential and slower drainage rate than the more open- 

graded materials used in bedl 7. In addition, the probable accurtiulatxon o€ materials on the 

filier fabric used in bed 2 would account for the decreased outflow when compared to bed 1, 

which did not incorporate the fabric wrap, 

In surnmary, the results of this study suggest that recycled concreile matterials c;ui bt: used in 

drainable base layers provided that: a) large quanlities of recycled fiiri~es are not included; b) the 

drainage system is properly designed; and c) filter fabrics are 1x02 I I S E : ~  to wrap the Xongiruldinal drain 

pipes. X n addition, the use of recycled materials in Imdrained layers should prestmt no drainage- 

related problems. 

“rH 15 near Hurtchinson, Minnemta 

Eight test sections were consimcited on TH 15 in 199 1 to mirror 1 he L,inke:ville project., each being 

400 feet long and 27 feet wide With1 edge drains on both sides of the road. Three oftlie naglit sections 

were constructed using recycled concrete products in the pavernerd ffoarndation* 

0 Section 1 is similar to Lakeville beds X and 2. It consisis o f  5 inches of the :siatlrlt: type of 

Class 5 blended RCA-gravel material, with ihe M-minus material being primarily ECA. TIhe 

nlorthboumd perforated piipe is imwrapped aid placed in a drain trench thai was backfilled 

with a modified fine aggregate filter; the soulhbound perbratded pipe is wrapped v d h  fabric 

and placed in a drain trench that was backfikd with fine filter aggregate. 

0 Section 2 is identical1 to section 1 except b t  the Class 5 anaterial is 180‘K crushxi concrete. 

Slection 7 is constructed on a 4-in open-graded layer of cnu:;hied rocrk (#4-plus) and crushed 

concrete (#4-mirnus). 

0 Section 8 i s  constructed on a 4-in layer of crushed concrete tlhat ‘wds supposed to be graded 

fa 100% passing I inch and retained on #4, although lab tt:stz; fotmtl aboui 10% pssing the 

sieve. The edge drain trench was backfilled with permeable aggreglatte and tl~: perforated 

pipe was mwrappedl. 
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0 '"he remaining sections contained no recycled concrete: sectiion 3 includes a natural base of 

virgin sand and giravel graded to meet Mn/DOT Clllass 5 ;  section 4 incliudes milled 

bituminous materials graded to meet Mn/DO'T Class S; sc:ctioitn 5 inchid~es crushed 

bituminous materids graded between the #4 and 1 inch sieves; and section 6 contains open- 

graded crushed rock. 

The layout of the test section is illustrated in Figure 7. 

Precipitate accumulation in the IHuIchinson Iecycled concrete seetioris was observed lo be much 

greater than that found in coarrparable test beds at I[.,ak.eville. Tlhese di ffcrences h111 precipitate 

production were attributed to differences in water flow pa1te:rns and wetting and drying 

characteristics at the two sites (i.~., the Lakeville site dries out more quickly because it 11s; constructed 

to accept no moisture from surrounding groimd or underneath while draining all of its moisture to 

the tipping buckets; the Hutchinson lest is a typical pavement sectiion hat probably stays wet for 

longer periods of time, allowing irrioire leaching of calcium-based compoimdn from h r :  base). In 

addition, the volume of base being driunetf at each Hutchinson section is approximately 6 times that 

of each 1,akeville test bed, which wouXd lead one to expect a greater quantity of precipitate from a 

single drain. In spite o F the observed precipitate, Mn/DOT' resc:archers found that coinr.n]pari sons of 

similar rain events two years apart (one and three years after construction) Ljhowed no apparent 

difference in flow characteristics over time. 

A sumpnary of selected flow data from these sections is presenled ba Tablc 5. Given the vmsriahility 

of the data and the limited number of data points available forr cornpatirkon, it is difliicrxlt l o  slate 

conclusively that there is a significant difference iin outflows betwecn the wa19ped and imwrapped 

pipes. 

0 

0 

0 

However, trends suggesl the fbllowing: 

Comparisons of the flow chu-acteristics of comparably graded and draixnedll natural and 

recycled base mateidals (Lee, buckets 6) and 4 or I1 and 112) guzerally show sigrkha.nl.ly 

increased flow (-24% less to -l-221% more) for the natural base mitteplds. 

Blending crushed rock with the recycled concrete improved lbasc: flow characttxistics by iup 

to 175% for any given blend or drain wrap condition (i.e., C O J Q ~ U ~  data horn bl.~:kel.S 2 and 

4,9 and 10, or 12 and 13). 

The use of open-graded materials generally increased base flow as well1 (is.? sx)innpare data 

from buckets 3 and 10 air 2! and 9). 
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0 Wrapped pipe:; produce less outflow (luring and after aniy givm rainfall s:venl than do 

unwrapped pipes, regardless of whether the base is composed of natural materials (i.e.? 

conside1 the results oflbu~ckets 4 and 11 in April '- June 1994) or recycled materials (ie., 

consider the results of buckets 2 and 13 in June 1 994, or buckets 3 imd 12 in April 1993). 

Of the four open-graded biBe materials tested, the bituminous and cnishied rock consistently 

provided the largesl outflows, followed closely by the opc:n-;gracled RCA blend and then the 

1 00% RCA material. All jFow generally provided drainage that was c:ornpwab 16: i o or better 

than that of either the control (bucket I )  clr the sand aid gravel baisc with wrapped pipe 

(bucket I 1). 

In summary, the results ofthis study suggest that the use of recycled conicrek: product!; (in lieu o f  

natural materials) in untreated pavement bases may contribute to a ds:crease in drainage outflow 

during any given rainfkll event. Flowever, this decrease can be re:tfuccd or eliminated Ilurough the 

use of open-graded materials, blending with natural crushed rock a d o r  by eliminating the fihric 

wrap around the drain pipes. Recycled materials in open-graded biases with unwrapped pipes 

exhibited greater outflows than the nal ural base/wrapped pipe section. 

More data points should be examined to verify [.he trends described above. €Iowa:ver., if these 

trends are correct, they suggest that the use of open-Faded recycled mattzrials with umwvapped pipes 

in permeable aggregate-filled trenches should produce acceptable pierfcumiarice. 

Shakopeie, Minnesota Test Stockpiles 

The Minnesota Department of 'Transportation constructed three aggiregatte stockpiles a t  iheir tiruck 

station near Shakopee in the summer of I993 -- one of open-gadled, coarse RCA, orre ( j  f HPCA fines 

(1 00% passing #4 sieve) and one of dense-graded, recycled aslphalt concrete. 'TXiese stockpiles were 

constructed on sheets of polyethylene and surrounded with lined ad beitmed trenches thzd allowed 

the collection and analysis of all m o f f .  Chemical. analysis of the ri iulof l  data for the August- 

Novembcr 1993 period were provided to this authox for considcratnon and a sumnary of some oftlais 

data is presented in Table 6.  

It appears that the pM of the runoff &om the CQXX KCA gradually decreased from an average of 

about 10.5 to 9.7 over the threemonth period, with slight increases observed during periods of 

longer wetness and runoff The fine RCA pH values decreased from slightly higher values (in the 

1 I to 12 range) to about 9.S as we:ll. The recycled asphalt concrete stockpile proclucedl relatively 
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stable pH values of 6.8 to 8.4. 'ITotal alkali contents were highest for the coarse I<@A arid were much 

less for the fine RCA; there was rio clear trend of alkali contenl over t h e  for these miWriials. The 

alkali content of the recycled bit~umiinous runoff was negligible, Total solid:; produced were adso 

consistently higher for the l<CA stock.piles than foir ihe recycled biiturninous aggregate piile; there was 

no clear trend o f  totail sollids content over time. There was no significant diftrence in total solids 

between the fine and coarse R(IA, piles. 

Table 6. Summary of selected cltnemicall analysis data frmn Shakopee; MIV. test 

piles. 

' f ie author visited tlhe tesi stockpile site in late September 1994. The stockpile o f  RCltS, tines was 

strongly recemented while the stockpile o f  coarse RCA was not recexnenited to any detec:table extent. 

The recycled asphalt concrete stockpile was also "recemented," presunnablly under the comipactive 

force of  its own weigh1 and the asphalt-softening effects of the warm summer weather. 

'The Minnesota Bepartmen1 of Transportatlorn is; in the process iof producing a repiolrt that Will 

address the results of this study in miore detail. It is this author's rmdtxstanding Ihat some of the 

project researchers me concerned that the m o f f  w a  found to ctsntain some dexneirrts and 

compounds in concentrations that are well above currently-accepted standards fix :;xk drinking 

water. 'This report was mot made available to this author (even in draft form), so iit would be 

improper to comment on these concerns at this time. However, any midyses ofthe coincentrations 

of such concerns should be perfolrmed in the context. of  the mounts of these conkwmdmaxts that 
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would be transported from a pavement foundation that dram omlly small amounii of my given 

rainfall event (assuming 1 hat most water runs off 1 he pavement 8surf;ace), and that iuhy drainage 

effluent is quickly diluted by that same surface runoff (as well as die rwioff from adlpcent lands). 

Thus, tlie limits of hazardous concentrations, if any, may be llimited to the inmediate vicinity of'the 

drain outlet pipes (as indicated by vegetation kills that have been abst:rvc:d at some outlets dong K-90 

near Austin, MN)o 

Additional Performance Observations in Other States and Countries 

Recyded concrete products have been and continue to be used :wcces:;furlly in nwlm:rous olher 

states and countries. 'There have been observations of precipitate piro.otluc:ti~on in sorric: o f  these 

installations, as noted below. 

The Michigan Department of' I'ransportation (IMLIOT) has obst:rvled up to U4in of prwipitatte in 

drainage pipes associated with ]pavements placed over RCA bases ,,ifter 2.3 years of service. 

Although they lhave noted no problems with the performance of thme pavement!; that can be 

attributed to losses of dmiainagc quality, MDO'T bas taken what they consxdler 6 0  be ai proactive 

position by requiring that dl open-graded RCA mizterkIS bemg pllsaced ill  drainage hase Ili~yers must 

be stabilized with either asphalt cement (3% by weight of aggregate) oir cement paste 111 addition, 

the diameter ofthe longitudinal drains was increased to 6 inches for cement-stabilized RCA bases. 

Dense-gaded RCA materials bcirig used in undrained foundation layers are coinsidered acceptable; 

stabilization of these materials is not required. 

The Illlinois Department of TranspoRtation (IDOlr) has also noted soline precipitate in pavement 

drains aid is beginning to research the phenomena, Christine Reed of IDOT is leading studies in 

this area and is looking into the potential of using acidic fly i5sh to stabilize ihle RCA 

In June of 4 993 , Long-Term Paveme:nt Performance (LTPI') project !;urveyors noted substantial 

precipitate in the vicinity of drains on 13 section of 1-35 in Harrison County, Missouri that includes 

nlbblized concrete pavement as a fouridation. 'I%:; pavement sectiori is included as an SE'S-6 slady 

section in the LTPP program. 
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LABORATORY iSTI JDI IES 

Minnesota Department of Transpoirtation (198’7) 

G. R. Ford of the IVimesola Department of Transportation conducted B series of studies to 

examine the plugging of geotextiile and perforated pipe subdrainage sys terns by thcb Fairmation of 

calcium carbonite precipitate deposits. The earliest experiments consisted o F soaking smples of 

MCA in a 5-gallon bucket with a sand filter and fabxic layer placed over a drain in the boittom ofthe 

bucket 12]+ The fabric layer ofien plugged within hours and pl-l values as high as 11.5 were 

observed. In a revised expwiment, recycled concrete aggregate was soaked in a bucket of tap wdter 

to produce high-pH water, which was then poured into a reservoir. Water fkom the re,servoir was 

circulated by pump through an inclined 6-in PVC pipe with a geotexiile fabric covering Ihe lower 

end. Plugging off the geotextile was measured by measuring the tleplh sf water retained behind the 

geotextilie, indicating the permittivity of the fabric. Depth off water increased with increases in 

precipitate and water pl4. Tests conducted using aggregate blend:; inclluding as Xitlle as 25% IiCA 

still produced high soak water pH values (12.2 - 12.5) and snf‘ficknl precipitate, to plug the 

geotextile. The researchers provitded a context for the production a 1’ this precipilate, however, noting 

that the volumes of water circulated through the recycled concrete !wriplt:s in these tesits probably 

represented ‘‘tens of yeas in field conditions.” 

It was verified that the precipxtate was calcium carbonate when the precipitate effeirvesce:d strongly 

and dissolved in the presence of ai weak acid. In addition, the pennittivily of the Fabric increased 

after the addition of the acid. 

Some water chemistry work was iaccoimplished under this study, and the rwxmhers comc:luded that 

the calcium ion concentration might be a better indicator o f  the pokmtiiil For- precipitate €ormation 

than pkI level. 

Construction Technology Laboratories, Ine. (1989) 

P. J. Nussbaum of Consbmctiom Techialogy Laboratories, hc .  ((S’KC,) perlbrmed tests to determine 

the calcium ion concentration iin water being circulated at a rate of 14.5 g a l h  in a closed loop 

through a 19-in thick, 10411 diameter sample of IKA graded to meet Michigan DOT Series 8 

requirements (open-graded base mixteriid). Water samples were drawn prior to initiating flow, and 

after 1, ir and 28 days. The calciim ion concentration increased fironi an initial 1evr:ll of 34 1ppm 



(prior to water circulation) to '718, 714 and 698 ppm after 1,7 ,and28 days, respectively [4] 
Since no additional increase in calcium ion concentration was observed i.tfier the iiirst day, the 

researchers concluded that the initial increease was due to "water pxckup of cm~hing duisl and that no 

significant calcium Ileaching o w  u r r d  

It is this author's opinion that liltlt: can be concluded fiom this study because ofstaious flaws in 

both its approach and conclusions. While it is possible that the initial increase in c:alciuna ion 

concentration was due to "water pickup of cru:;her dust cony" it is also possible that a state of chemical 

equilibrium had been established, thereby preventing fkther dissolution on leaching of calcium 

compounds fiom the crushed concrete, In addition, the use of a closed loop test sysfcm prevented 

the introduction of atmospheric carbon dioxide, ]making it difficult for cdcmm icarbonate to lbnn imd 

precipitate out of solution. 

Michigan Department of Transiportation (1989) 

R. W. Muethel of the Michigan Delpartment of Transpoxtation g)erfbrmted a sl udy to ~deierniine the 

potential for leaching callciim-based icompounds from samples oE  KCA (3 sources), gr*;:tvel, crushed 

limestone and blast fimace slag Several 500-g samples of' various gmdings ( e g ,  1 I 1.5", 11/41" - 
1 ' I ,  etc.) were prepared for each aggregate source. Each sample was soaked in distilled water for one 

week, then allowed lo dry before being so&ed and dried for two more one-week cycles. 

Measurements of weight Iloss, soalk water pH and ]precipitate produdion were made afler each soak- 

dry cycle [ZJo 
The rtxycled concrete aggregates produced precipitate in amounts that waricd inveir:;t:ly with the 

aggregate particle surface area (e.g ,, gradings that featured more fine particles produced more 

precipitate). The slag aggregates alslo produced some precipital e, whiile thc gravel and limestone 

produced none. Precipitate was also observed as encrustations or1 partially- immersc.:d aggregate 

particles, but not on Fully-immersed particles, indicating the need [or atmospheric cauct90n dioxide 

for precipitation to occur. Soak water pH was fomd to vary with RCA particlc size and number of 

soak cycles, with the finest grading (#4 - #200) yielding the highest initiral vdrres (in cxcess of' 1 1)7 

while the coarser particles ranged fioin 10 - 11 initially and decreased la;, 9 - LO over the thee soak 

periods 

It can be concluded firom these tests that: 1) RCA aggregate:; arc susceptible Id:) precipitate 

formation, and that the potential for formation increases with increasing mounts of RCA fines; 2) 
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carbon dioxide is necessaq for precipitate production; and 3) a conelation between solak water pH 

and precipitate production was observed, indicating that measurement of sodc water pH may be a 

quick test for precipitak formation potential. 

Mr. M uethel allso provided the following recommendations: 

Crushed concrete fines passing the No. 4 sieve should ncid be used in conjunction with 

drainage systems containing geotextile fabrics due to the high potenl kt1 for hei3vy calciuun 

c,arbonate precipitation. 

The use of crushed concrete for open-graded drainage cowses should be limited to 

iristallations where the drainage gradients are adequate to prevent stagnant water conditi~ons 

which would promote Xorngn-term calcium carbonate build--up cm perforated condni~ts;, resulting 

in progressive impairment of drainage. 

The process of calcium hydroxide depletion due to longtenin acid leachirng should be 

investigated as a contributor to the deterioration of pavements at joints anid a::rai:ks where 

continued chemical activity is likely to OCCULT. 

Ohio Departmemt o f  T'ransporta tiod7Jniversit-y of Toledo (1 993) 

"Tufact:ous" or paste-like precipiihte materials have been observed in deposif s around iind near the 

drains of pavements conr;tmcied using unbound slag and KCA subbases in northe;nstern Ohio. 

Research performed at the Unnversity of Toledo by Gupta, he l le r  md Tarrlat-isa included both a 

field study (to identifbr the chemical composition of the deposits) and a lab study (to determine the 

precipitate potential of RCA and mrious types of slag aggsegaies) [6, 4- 'Ihc chernncral analyses 

revealed that the primary component of the precipitate associated wilh the IRCh  subbases was 

calcium carbonate (52 - 61%), although significant quantities of ixi:mlul>le residue (26 - 31%) and 

other oxides and organic matter (1 3 - 141%) were dso found. 'The cdlciuni carbonate W;N associated 

with the presence of cal(:ium hydroxide (a normal product of the reaction of cement and water) and 

residual free lime. The insoluble residue was prirmuxly silica-based, presiuniably from 1 he aggregate 

portion of the RCA base because silica becomes more soluble in alkalisre solutions @I� '> 9). 

Laboratory studies were performed on samples liom the two RCA lt~nses (md on smplea from the 

slag bases as well). Samples were prepared for each source wth both a coarse grading and x grading 

meeting applicable ODOT specifications. Hot ethylene glycol, X-ray diffiactioin arnd scanning 

electron microscopy (SEN) analyses indicated that both specimens a;ontamed calcium c,srhlonate and 
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calcium hydroxide (as expected), but that one specimen contained no iree lime. Neirlier source of 

RCA produced precipitate when simply soaked in distilled water, although the pH of the soak water 

generally increased to more than 1 I within 24 hours. Both sources of RCA produced precilpi~ate in 

the laboratory when soaked in deio~Led water that was saturated with c.xbon dioxide. The xwxoimt 

of precipitate produced was generally proporfional to the amount of fines in the ~;arripLe. ‘The 1pH 

levels returned to near 7.0 as the precipitate was formed. Kepeai~ed cycles of  soakwung in carbon 

dioxide-saturated water yielded little additional precipitate. 

From these results it c<m be concluded that: I[) the presence of either free Ilirne or c:alciiun 

hydroxide in cement loaste can residt in the precipitation of calcium carlbonate; 2) carbon dioxide: is 

necessary for the precipitation of“ this calcium carbonate; and 3) thc precipitate potential O F  a 

susceptible RCA source is proportional to the mount of cement paste f i r m  tlkiat are present. 

The authors provided the following conclusions concerning fix: use of recycled conci ete: aggregate 

in pavement foundation layers: 

‘‘Various economic reasons and the easy availability of slag and [recycled PCC] aggregates 

warrant the use of these maiterrids as subbase aggregates. ]:’or coritinued iuse of Ihese 

materials it is imperative to chemically fix or physically coat the fiee lime (Ca0) or the 

calcium hydroxide that foims by hydration of the free lime.” 

“Before using [recycled IPCC] as a subbase aggregale, the con:;tmr:tion rcwrds e, F the 

demolished rubble should lbe r:valuated for mix design and degrce of hydralion. A study of 

the cement paste matrix and the unbonded cement present in lhe irubble sihould he:lp to predict 

the tufa precipitate potential of the rubble.” 

6%nprovements in the drainage system such as slope on drains, lairgrx pipe size, etc. rriay help 

reduce the problem.” 

Michigan Concrete Paviing Associaition (1995) 

‘fie Michigan Concrete Paving Association is sponsoring work to verily ihe work dei;cc:iibecl above 

(Ohio Department of 1Tr;3msporta~ion/lTniversity off Toledo) and hrther investigate Ilv: effects of 

aggregai e grading, original concrete (aggregate source (limestone, g,ravd, slag, etc.) anntl aggregate 

treatment (crusher run, washed, ctc:.) an precipiiate potential, This  work 11s being performed by Mark 

Snyder of the University of Minnesota, and is follloWmg techniques similar to some sf those used 

in the University of Toledo study. In addition, this study also iitscliiides pe:rmittivxty testing of 
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geotextille filter ffabrics that have been allowed lo accumulate labor~tory-produsedl px eapitate and 

insoluble residue. This work is xiow being completed; the final repord will be subrrritkd in June 

1995. 

Preliminary unpublished results suggest that: 1) precipitate pirod~tcticun increases wirh decreases 

In particle size, with open-graded recycled materials producing relatively little precipitate; 2) 

aggregate washing practically eliminates the accumulation of insoluble n:sidue Qi.e., “crusher dust”) 

but does little to reduce the ffomation of calcareous precipitate; 3)  washing with a soq9y solution 

produces results that are not appreciably different From those obtained by washing wihh distilled 

water. 





CONCILUSIONS AND REC:OMMENDATIONS 

Mitigatiion of PrecipitateDrainage Problems 

Summary of Findings 

The tests and field studies described above demonstrate that cdcium-b;issc:d compoundis are present 

in recycled concrete aggregates in quantities that are suffkient to be leached arid preciraitated in the 

presence of atmospheric carbon dioxide. It has further been c;leanonstrated that all recycled 

aggregates, regardless of gradation, are capable of producing various amounts of ]precipitate, with 

the precipitate potential being directly related to the amount of freshly ex posed cement paste s&ace 

(Leo, increased quantities of cement paste fines). In addition, it docs not appear that selective grading 

(to eliminate fines) or blending with virgin aggregates will eliminate precipitate potential. Wowcver, 

these steps may significantly reduce precipitate potential. 

The IJruversity of Toledo researchers found that about one-third of recovered "tufaceoui!;'' material 

was insoluble residue that had washed out ofthe hasc. Mrr/DOTT' pemnibtiivity testing of field samples 

of drainage fabric also indicate the presence of significatxl quantities of insolul-de or nonicarbonate- 

based compounds. Therefore, it seem likely that washing or otherwise cleaning thie recycled 

concrete products prior to using them in pavement foundation layers should reduce the ;iccuumulation 

of crusher dust and other fines in and around pavement drams. IHowcver, it seems unlikely that 

pr-eczpitate potential will be significantly reduced or eliminated hy wahiing ox c learning the crushed 

concrete before using it. 'This supposition is backed up by the prelliminary, mpublisEi~:d results of 

testing currently underway at the IJniversity of Minnesota (sponsored by the Mic,hij;im Concrete 

Paving Association). 

MdDC)T field studj es have shown that precipitate and insolub le residue accumulations can 

produce significant reductions in the permittivity of typical drainage filter fabl-ics. However, these 

studies aliso show that: 1 lilter fhbiics are available with initial jpermi~ttivitiies that are great enough 

to withstand significant mounts of' material deposits Without reducing pr:mittivities to iuirnacceptably 

low levels; 2) pipe drams that are unwrapped and placed in trt:nc:hes I.)ack-fJled wid11 ~xmneable 

granular materials may exhibit better long-term flow characteristic:s than thosc: that are wrapped and 

placed in similar trenches; and 3) accumulations of precipitate atid iirisoliiiblle residue have not (thus 

far> been found to occw m quantities large enough to significantly mdlucc,: the flow capacity of mast 

pipe drains. 



Recommendations 

1 - RCA base composiition arid gradation: 

a. Eliminate the intentima1 inclusion of RCA fines (#4-irminius) in chained, ixnstabbi lized 

pavemenl foundation layers (i.e-, use open-graded RCA bases) Furtherinnlore, use the 

largest tolp size material that is practical. 

b. The removal of fines and other insoluble residue that wc:&ly cling to coarse RCA 

particles would hrthe r reduce the potential for degradation of pavement alrih efficacy 

where unstilbilized granular bases are used. This ccsuld lbe accorrrpllished t tuoug:]h either 

a wet process (e.g., aggregate washing, which would incur llhe costs assoclni~ted with ithe 

washing equipmenli , arid storage mdor recycling of the wash water) or dlry process 

(e.g., air blasting the aggregate as iit passes over vmLoixs screens and collecting the dust 

and fines). ‘The benefits of removing fines through washing arc: kleing seen directly in 

ongoing laboratory studies at the I Jniversity of Minnesota. 

However, Minnesota field studies (cg, TI1 212) h v e  shovvn h t  :;igni€icmiI reductions 

in fabric permittivity can be caused by the insoluble residue demvcd from iwtural base 

materials. In addition, the removal ofthis type of mateid can be expensivs: (partiicularly 

if a wet process requiring settlement ponds is adopted iin an urban are,a), anti Ihe 

aggregate industry is already faced with the problem offindiing a markel for 100 million 

tons of fines amuaUy. Therefore, unless Mrfl)O’l’ intends to remove these materials 

from both natural and recycled materials, it seems that a better approadi may be to 

design tht: drainage systems to accommodate the limited quantity of’ crusher fine:; and 

insoluble residue that ,u-e produced by pavement bases, both natmal and xec:yclt:d. 

Another olption is to require stabilization of the nriateiialis. I’he M1i chigaun DOT 

currently requires asphalt stabilization (minimurn 3% asphalt cement ] or cement 

stabilization ofrecycled concrete in drained base layers* ‘E:; would be one IWiZy to allow 

the inclusion of significant tpantrties o f  fines in draiined base layers, provided that 

adequate permeability (> 500 ftjday) is maintained and wm.lid help to providle good base 

stability under construction traffic. However, thz; author believes that the s tabilimtion 

of RCA with few fines would provide little benefit imd would &live up costs 

unnecessarily. Suggested gradalions for various peme able blase maitei-ial:; (both 

stabilized and unstabilized) are presented in reference 8. 



c:. Blending open-graded RCA producl s with virgin aggre<gates coixltl be acc~~n~lplishetl to 

produce gradations required for improved stability and density and to further reduce 

precipitate potential in drained pavement foundation layers. Any grading ~rmodifications 

should be selected as a compromise between ideal draitnagc and stability ijerfommce 

characteristics. Some minimum base permeability charactmistics must kae maintained 

(e.g., > 500 Wday). 

2. Drain system design and rnaiintenance 

a. Use drain pipes that are either unwrapped or wrapped iin filter fabrics wiih high initial 

permittivities (e.g.? 3.0,lsec or greater). Increasing the dbmeler of thie drain pipes would 

increase both the pipe capacity and the surface area of  the fabrwc wrap, whch should 

greatly reduce losses in both permittivily and rate of outflow. For exarrnplc, going from 

a 4-in diameter pipe to a &in diameter pipe would result in ;if. 125% nncre,ase in pipe 

cross-sectional area arid a 50% increase in pipe circumference mtl fabric area. Drain 

pipe openings should be designed to be resistant to accunrmlaiiion of precipilate: md other 

fines. Drain pipes should be plact:d in trenches that are backfilled with lpermealble 

granular materids 

It is this author's opirion that one potentially effective drainage system tie!sign would 

include the use of a fabric-mapped trench (to prevent migration of subgrade fines into 

the trench) and a 6-in diameter unwrapped pipe. The pipe would be constructed of: 

slatted PVC and would have a minimum slope of I% or more to enswe Uhat no water 

would accumulate in pipe. 'This slope requirement might cdic1;ite a closer spacing of drain 

outlets than is typically used now. The trenches would be backMlled .ci\ritllh permeablle, 

open-graded granular material (RCA would be acceptablle). Outlet pipes woudd also lbe 

constructed of PVC (wLthouLt slots) arrd headwalls and nnaxkers would be required at d l  

outlets to facilitate maintenance and prevent damage to tlhe Ipipe ends. 

With regular maintenance, this typc of drainage system should provide positive 

drainage indefinitely. 

b. Pavernent drains should be designed to allow periodic flushing. Th is  would include the 

use of radius bansil ions from outlet pipes to longitudlbl @ol lector pipes (rather than 'T" 

connections) and outlets at both ends of each collector pipe to allow flusling firom either 

end. The systems should be flushed md maintained annually for the first 2: years and 
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every 2-41 years thereafter. The costs of periodic rnamterianc e peifonned by lnnaintenance 

crews are generally signilicantly less than costs of repliacing the drmm (typically $1 .(lo - 
$2.25 per lineal foot, plus “inconvenience costs” to thhe highway uz;cr!j during 

rehabilitation). 

The use of mild acidic backwash has been suggested its it im~.:ans of dissolving or 

loosening calcium a:a.rbonLate precipitate buildups in pavlement drain system. The cost- 

effectiveness and potential environmental impact of tlhis (rpproach should be studied 

before adoption. This author believes that the use of‘ open-gradled recycled concrete 

drainage llayers along with unwrapped pipes placed with adequate sllope should ellirr~inate 

the formation of most precipitate in drainage pipes arid ~ ~ ” l d ~  therefore, :3llso eliminate 

the need for an acidic backwash. 

Use of RCA fines 

The use of xmstabili:zed MCA fines (#4-minus materuals) should be restricted to areas 

that are below any dramage layers or structures. These finer; are probably incceptable: in 

udrainedi foundation Ilay(:rsr as stabilizing agents for so ft subgrades, or as components 

of other stabilized foundaition layers. Care should to be taken irm design and c:on,crdruction 

to ensure that water hii, comes into contact with layers of I4 CA fines is nol” removed to 

pavement draimage layers, trenches or pipes. 

Federally-sponsored research work is idso underway at the 1JKuiversity of M[i~mesota to 

increase the utilizatlioim of RCA fines in concrete mixtimes. It is hoped Ihlid this will 

provide another major application for the use of these rriateirials. 

Testing for Precipitate Potential 

The Michigan DO1’ recommends; the use of calcium ion concentration tests to tleltcmnine lhe 

precipitate potential of recycled concrete products, Research currently wderuvay at the University 

of Minnesota is also comparing the abilities of pH and calcium ion concentriation rneasiirc::s to predict 

the formation of‘ calcium carbonate precipitate. Assuming that the callciuum ic )n concentration test 

provides a better measure of precipitate formation potential (because il better irepreserrts thhe actual 

mechanism of precipitate Formation and is not as likely to be biased by ambient environmental 

factors as a pH-based test), that test should be developed fiustkier to include iappnop~i& 

acceptancehejection criteria. 
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Recementing off RCA Containing Fines 

Eliminating the use of fines horn drained foundation layers slhould all but elirninatc this concern 

as well. While the recenienting phenomena does appear to take place when significmi quantities 

of fines are present (i.c, Shakopee stockpiles and Mn/nOT field experience), MrdDO'r stockpile 

experience suggests that coarse, open-graded matemals do not become rccemented ]in Ilne short term 

(1 year of exposure). Furthermore, it is this author's opinion thaU sigini~icmU recemcnting of the 

coarse aggregates will not take plalce in the long term because tlie~e IS insuffjciient conitact between 

particles, and insufficient unhychited cement on the particle swfi~es to bird the coiiu~s~e (#4plus) 

particles. 

Concrete pavements that are constructed directly on RCA foundation layer:; containii~g significant 

quantities of fines (presuniably in unchained systems) should be designed with short joint spacings 

(no.., JPCP) or no joints at all (i.e. ~ CRCP) to avoid the developrneint of  large curlmg a n d  warping 

stresses. In the event that it should become necessary to excavate houglii ehis recerrnent(.:d layer after 

several years of service, the weakly-lbound material should provide resistance no greater than that 

of a weakly-stabilized cement-treated base. Mn/lIOT field experience sugg,ests that ~tlinus layer can 

be trenched without significant difficulty. 

Corrosicon of Rodent Guard Screens 

Concerns about the corrosion of rodent guards would be elirninaited if Mi/l )OT weire to require 

the use of rodent guards fabricated from plastic or other corrosion-resk tarit mi.tteriiils 111 addition, 

the recommendations made concerning the reduct ion of precipjltat,€:/drain~zgs: problem; would also 

probably reduce corrosion probleins. 

Environmental Conccrns 

While the effluent from KCR foundation layers is initially extremely alkaline, it ha:; rarely been 

documented as being high enough to be considtxed an environmental t tmard Fwtherrnore, when 

one considers that the effluent is iisually effectively diluted at short distance from the drain outlet 

with much greatcr quantities of surface nmoff (from the pavement, tlikhes mtl surrounding land), 

it seems likely that enviromeril.al concerns are probably restricted to a very sm;dl region in the 

vicinity of the drain outlets (where vegetation kills have beein obseiwedl). 
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Furthermore, the re:comendatiions provided above which we intended to reduce the formation of 

precipitate and the deposit of other insoliuble residue (crusher dust, etc:.) shoi.iXd also reduce Initial 

pH levels and reduce the time required to stabilize the pH of the nmoff at Yap water" levels. 

Evidence to support or disprove Ibis theory will be available when the Michigan Conc:rete Paving 

Association study is completed later this year. 

Tt is worth noting that there may be environmental concerns othw than pH. 1U'ine Shakolpee 

stockpile study is identifjing some constituents in tlhe effluent that are c~onsicleired hazardous and are 

present in quantities that exceed cumnl ly-accepted standards for dri tking water. 'These include 

arsenic, chromium, aluminum md vanadium. It is not clear to this author whcther it is appropriate 

to apply drinking water standards when evaluating the quality of water lbeing discliarged fiom a 

pavement base, especially when the discharge itself is diluted many times over within a short 

distance from the point of dischage. 'fiis is m issue which should be considered when itlie Mn/D(3T 

Shakopee stockpile report i s  ccampleted. 

Interpretation of Alpplicsnble Specifications by Contractors 

Current applicable MDBT specifications that relate to the use ef cirushed concrete materials, in 

granular base and baddill applicatians (3138 and 3149) have been reviewed. It is this author's 

opinion that these specifications alrmdy address inany of the corncer~~s axlit Bdve barn discussed 

above. The current specifications do appear to be very conservative, however; it is this author's 

opinion that these specifications could be clarified and modified to allow iincreased use of crushed 

concrete products without risking significant drainage problems. 

Appendix A contains a copy of current Mn/I)(aT specifications coriceirni~ng the use of recycled 

concrete aggregate base materials. This copy has been modified to reflect tlhis i3UthQr'S 

recommendations and suggestions and should be considered i t s  a "'first draft attempt " to propose 

specifications that will. be easily understood, interpreted and placed iirrto practice suc:c:essf'ully by 

qualified contractors. These modifications do not reflect recomrrienclatj ons conceniiing drainage 

system design (i e., 1crc;ition and 1pc:mittivity of' fabric wrap, drain system simg and gcorneiry, pipe 

materids and slopes, etc.) or the u;e of stabilized recycled concrete products. It is also cxpected that 

these proposed modifications wll  stinnulate discussion that will resdt kt hrther. modifk siltions of ithe 

specifications. They are not intended to be final, ready-to- implement speci lic.:ations 

34 



REFEliENClES 

1 April 13, 1994 memorandum from Mark Hagen (Research 1Prqjet:t Supervisor, MidDOT) to 

Gerald Rohrbach (Manager, Mn/lIOT Pavement Engineering Section). 

2. August 26, 199% edge drain inspection notes prepared by Ciurt Easthmd (MdL“bT). 

3. - “  ““Geotextile/Cmshedl Concrete Study I Preliminary Sunumary.” Minnesota1 C)epartrnent 

of Transportation. Maplewood, MN. March 1987. 

4. Memo fiom P. J. Nussbatun and Construction Technology Labonitories, Inc. to Gn McCartlny 

and Michigan Concrete Paving Association. April 7, 1989. 

5.  Muethel, R. W. “Calcium Carbonate Precipitate from Crushed COIICE~C? Research Report 

No. R-1297. Michigan Deprtrnent of ‘Transportation, Matelials and Tt:chnslogy IXvision. 

Lansing, MI. March 1989. 

6. Gupta, J. D. and W. A. Kjneller. “Precipitate Potential of IHighway Subbase Aggregates.’’ 

Final Relport. TJniversity ~f Toledo Ilepartment of Civil Engrinee~ing. ‘Iraledo, OH. 

November 1993 

7. Tamirisa, R. “Study of Highway BaseBubbase Aggrega1,es ‘I’hsxt Cause De:pco sitions of  

Calcareous “Tufii” in Drains.” Master’s Thcsis. University of Toledo likprtrnmenil. of Civil 

Engineering. Toledo, OH. April 1993. 

8. “”Irainablle Pavement Systems.” Participant Notebook - Ilemoxis tration Project 87. 

Publication No. FH WA-SA-92-008 Fed era1 Highway Achinistra tion. Wash iingl ~ n ,  1:) ~ G, 

March 1992. 

9. ‘“(Geotechnical Fabric Report Specifier’s ChideS’’ tndustrilal Fabrks Association. St. Paul, 

MN. 1995. 

3 5 





APPENDIX A 





SUGGESTED MOIDTFICATIBNS ‘TO Mn/DOIT’ SIPE~X37ICAT10NS 

The following specifications (3 13 8 and 3 149) arc: taken from the Mintiesota IIep;i~-t~rteint o f  
‘l7ransportation’s “Supplemental Specifications To the 1988 Standard Spectfilcations for 
Construction” dated May 2, 1994 The current approved specificatiori is presented jrj this same 
character size and fonf (Times Roman 12 point). Suggested deletions are Inned out, !3uggested 
additions are underlined. 

3138 
Aggregartes for Surface and Rase Courrses 

3138.1 SCOPE 

‘This Specification covers aggregates for surfacing and base courses. 

Class lA, 2A, 3A, 4 4  ~ P L ,  and 6A aggregate designations are pr(trvidc:d for appkation 
under the Random Sampling Gradation Acceptance Method as dec;c:rilxd irr 22 1 1.3 I 

A Composition of Aggregates 

The source of supply and quality of the material is subjecl to approvall by the Izngineer m 
accordance with I60 1 I 

All pits horn which base aggregates are produced shall be striplped lo uncovc:r tlhe 
granular material to be used. 

‘The material shall consist of sound durable particles of‘gIaave1 and sand, c~uslb~ed quarry or 
mine rock, crushed gravel or stone, crushed coricretc, salvaged biturninoris rnixhre, or any 
combination thereof, except that Class 2 and 2A aggregates shall be crusihecb quarry or mine rock. 
The Engineer may allow aggregate containing a limited quddty of b i d e r  sox1 but nod :i(dd, roots, 
plants, other organic matter, reinforcing steel or other objeci ionable material. 

A1 Salvaged Bituminous Mixture 
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For a base course, the biitumen content in the composite aggregate shall not exceed 3 
percent by weight. 

For a surface course, a coxniposite aggregate mixture of up to I00 percent salvaged 
bituminous may be used. 

A2 Crushed Concrete 

I__- Crushed concrete may be used in base courses where drainagc layers or perli)rated 
drainage pipes will not be installed, provided that the crushed concrete rnajerial meet:; all. other 
requirements of this specification. 

The Contractor must rs:ceive the Engineer's approval before wing crushed c:oncrc: te in 
proximity to perforated drains fcr all1 uses not specifically addressed i n  the C:ontract.._lr& 
Engineer m a y  approve the following uses of 

-- T k € m & a e k x = s k w - c r u s h e d  concrete in surface and base coiirses where 
perforated drainage pipe is either inslalled, or lo be installed, or when: water moving itlhrough 
crushed concrete may enter ths: perforated pipe;--: I 
(a) As a blend with permilted aggregate materials placed on any subgrade materiial provided 

that all of the crushed concrete aggregate is retained on the: Nts. 4 sieve,&~ike-pefsftM 
-**mt e d ~ ~ w & k d - k - m E & M - &  

(b) As an aggregate or a blend with permitted aggregate when placed on material meeting the 
requirements of 3 149.2B, Select Granular, provided that g!;,g+p; than 3 percent o f  the 
crushed concrete aggregate passes the No. 4 sieve. 

(c) -As an agkg-egate 01' a blend with permitted aggregate when placed an materiali inneeting thg 
requirements of 3 149.2B., Select Granular, when more than 3 percent of the aznushed 
concrete aggregate passes the No. 4 sieve provided that the: ani~ount of.aggeg,ate bllend 
does not exceed Ihe equivalent of 3 inches of 108 percent c:ruslhedi c m  ticrete, , such  as, 6 
inches of a 50-50 blend of crushed concrete and permitted aggregalt:. If crushed concrete 
aggregatehlends are used for both base and stabilizing aggregate a1 the samo: location, the 
total equivalent application rate shall not exceed 3 inches (approximately 3001 pounds per 
square yard of surface area as described above). 

(c) As a surface or base aggregate in shoulder areas including locations where perforated pipe 
i s  in p X a c e . - - T h e . ( 2 x + & a % ~ ~ + m w p - b ~  - 6Ft35;kecJ-€<,s%?~*NiYA&m I 

(d) As a base aggregate under the pavement where the only subsui-face drains are behind 
retaining walls or other s i r u c L u r e s . - T k ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  I 
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A3 Crushed (3arbonates 

'The following provisions shall apply in these listed counties: 

Anoka - 02. 
Carver - 10 
Dakota - 19 
Hennepin - 27 

Kamsey - 62 
Scott - 70 
Washington .. 82 

(a) If crushed carbonate (Xixnestone or dolostone) quarrylbedrock i:; used in total or in part for 
base applications, unless exempted below, the total portion passing the No. 200 sieve of 
the carbonate aggregate insoluble residue shall not exceed 'I 0 percent. 

(b) An exemption to this 10 percent insoluble residue Specifiicatioti will be madc fior 
carbonate rock to be uscd as temporary by-passes and parltirig 10t~. Use on other specific 
rion-exempted applications must be approved by the Engineer. For these exeanpi ed 
applications, the portion passing the No. 200 sieve of the carbonate aggegata: insoluble 
residue shall. not exceed 16 percent. 

In the event that it i s  nece,ssary to add a portion of the overburden or binder soil fiom an 
outside source, the materials shall be introduced iinto the aggregate producing pllant a1 it uniform 
rate by a1 separate conveyor simultaneously with i he base aggregate. Binder soils or eiverburdexi 
shall meet 3 146 except that when [he aggregate is crushed to a maximiirn size of I ixdi or less, 
the pulverization Specification shall. not apply. 

When salvaged bituminous mixtures are used in the prodrxction 01 Class S ~ 6, SA, or 6A 
base aggregates, the composite mixture shall meet the gradatioin requirements showrv iii  'Table 
3 138-1, except that up to 5 percent by weight of ihe total composite mixture may exaxdl I inch, 
but not. larger that 1 - 1 /2 inches, provided these larger particles arc: loihrimincuus mixture itnd not 
natural aggregate. (All gradaiions will be run on the composite mixture before extraction of the 
bituminous material.) 

c Crushing 

Crushing will be required for Class 5 ,  6 ,  SA, and 6A aggregates. For these CIliiSSt:S of 
aggregate, crushing will lbe required of all stones larger than the maxinmm size pc;rrrni tted by the 
gradation requirements and that will pass a grizzly or bar grate having parallel bars spaiced 8 
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inches apart. However, the Engineer may allow rejection of oversize m:iterial when excessive 
crushing results in an unsatisfactory gradation. 

Class 6 and 6A aggregates shall contain at least 15 percent crushed nxaterial Class 5 and 
5A aggregates shall contain at least 1 - percent crushed material. The percenlage of cnishing slhall 
be determined by the weight or tlhe material retained on a 3/4-~mch sieve. A lolerance of 2 
percent will be allowed on each imdiwidual test made to determine the percent of crushing, but the 
average of all material tested fix the Project shall meet the Speci fxcatii~on reqiiiremerliits. To meet 
ihe crushing requirement, it may be necessary to add stones or crushed rock kom arnollier source. 

D Los Angdes Rattler ILoss 

The Los AngeXes Rattler Loss requirements shall apply only to1 the crushed qiuany or mine 
rock portion of the aggregate. 

E Shale 

Class 3, 4, 5 ,  3A, 4A, and 5A aggregate shall contain not rriorc: tlmn 10 percm!. s h d  in 
the total. sample except that when the part passing a No. 200 sieve exceeds 7 percenl., the 
percentage of shale in the total sample shall not exceed '7 percent. 

Glass 6 and (;A aggregate shall contain not more than 'I percent shale in the Iota1 sample. 

3138.3 SAMPLING AND TESTING 

Samples for testing to determine compliance with the aggregate gradtition Specifications 
for base and shoulder surfacing will be obtained from the road at a time when the maiterial is 
ready for compaction. If additives such as calcium chloride OX Ibitixrniiiiouis maternal ,a re 
incorporated in a central mixing plant, the aggregate will be s;trnpled before such materials are 
added. 

3149 
Granular Material 
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3149.1 SCOPE 

'This Specificalion covers granular material for use In bedding or backfilling structures 
and miscellaneous service facilities; for use in grading constnrcti~in to ccxrrecil or improve 
subgrade and foundation weaknesses; or for other specified purpos;es. 

3149.2 REQUIREMENI'S 

The source of supply and quality of the material is subject 1.0 approval by Lhe 13ngineer in 
accordaince with 160 1 ~ 

'The material shall consist of sound durable particles of gravel :inti sand, c~usllined quarry or 
rnine rock, cruslied gravel or ston e, crushed concrete, salvaged bitrimiiioiis mixture, or any 
combination thereof, subject to the requiremenls hereof. The material shall not contaiin sod, 
roots, plants, other organic matter, reinforcing steel or other objectionable ~ n a  terials. 

lJnless otherwise pernitled, specific gravity of the matelrial shall1 no1 1)e less i h n  2.3 nor 
more than 2 9 

In the production of stabilizing aggrcgaf e (3 149.2C) and aggeiple bedding (?I 149.26), 
crushing will be required of a11 stones larger than the maximum size pc,:rmitfed by the gradation 
requirements and which will pass a grizzly or bar grate having parallel bars spaced 8 iinches apart. 
However, the Engineer may allow rejection of oversize material when excessive crushing results 
in an imsatisfact ory gradation. The crushed particles in stabilking aggregate and aggregate 
bedding shall be not less than 10 percent of the material. The percentijlge of  crushing shall be 
determined by weight of the material retained on a 3/4-inch sieve. 

A tolerance of 2 percenl will be allowed on each individual test made to deteriaiine the 
percent [of crushing, but the average of all material tested for the I'roject shall meet the 
Specification requirements. 2'0 meet the crushing requirements, it may be necessary lo add 
stones or crushed rock from another source. 

a Salvaged Bituminous Mixture, Chshed Concreite, amd Crioshed Carbonates 

The Contractor may use salvaged bituminous, crushed concrete and crushed carbonates as 
a granular material except as lirnitcd below. 

A1 Salvaged Bitunnunous Mixture 

and 3 149.2J). 
The Contractor shall not use salvaged bihrrninous mixture as a filter aggregaae ( 3  149.213 



The bitumen content in the composite aggregate shall not exceed 3 percent by weight. 

A2 Crushed Concrete 

____  - Crushed concrete may be used withoui restriction where drainage layers or perforated 
I_ drainage pipes will not be inslal led, provided that the crushed concrete material meets all1 other 
requirements of this specification. 

The Contractor must recewvt: the Engineer's approval before using crushed c(  )iicre te in 
proximity to perforated drains for all uses not specifically addressed in the Contract. 'The 
Enpineer may approve the following uses of crushed c o n c P e t e ~ ( ~ ~ ~ ~ f ~ ~ l i i ; f S ~ ~  
c-te-as a granular material in embankment or backfill where g)erfi)rated pipe is ~unstalled, or is 
to be installed, or where water rrioving through these materials may enter the perforated pipe7 
i+x�e@*: 

(a) Granular material (3 149) below the invert elevation of any petforated subsur-kite drainage 
pipe. 

(b) 6rdnula.r material ( 3  14.9) provided that: 

(1) All recvcled!;oncrete products are mate~ki+islstrger than the Pdo. 4 sitwe. I 

r '$- D ' &-*la-& 4iFFl&&<:3=Is (23) W-WK- 
*w4*- . -of- ' l - q & T X = h ~ ~ ] l : l l e >  

. .  

Contractor shall not place material larger than 2 inches within 2 feet of the: 
location of any perforated pipe drain that will subsequently be placedl by niac hine 
trencher. Such material must be blendedmixed as appropriate with 01 her *on- 
concrete materials to meet all gradation and construction requirements;. 

(24) 
provisions (1) and (2) i%~wq&-@ shall apply only to the portion of select granular 
modified (0 to LO percent passing the No. 200 sieve) above the inverl. olf the 
perforated pipe and within the zone 18 inches lioxn the: pipe centerlint? and up and 
away fiorn the structure at a 1/2:1 slope. 

For perforated drains associated with retaining walls;/structurs:~(;, the above 

A drawing of the included (or excluded) zone would help contracQprs visualize the llrrtiernt of the 
spec here .... 



(c) As stabilizing aggregate (3 149.2C). However, if crushed concrel e anaterial wit,h more 
than 3 percent passing the #4 sieve is toJ!g used,_the applicaticm rate $;hall noI, exceed the 
(equivalent of 300 pounds per square yard of surface area (approximately 3 iriehes thick), 
such as, 300 pouiids of 3 00 percent crushed concrete, (400 pound?; of.500/50 blend of 
Icrushed concrete and pennitl ed aggregate, etc. If the cmshcd c oncrete aggregalt elblends 
with more than 3 percent passing the #4 sicve are used as both stabilizing aggregate and 
aggregate base at the same location, the total equivalent application rite shall mot exceed 
300 Ibs per square yard o F surhce area (approximately 3 inche,; thick) as described above. 

.A3 
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(Tranullar Borrovv and Select Granular Borrow 

Granular Borrow 

Granular borrow, for general use in embankment or backfill consiruction, may be any pit- 
pun or crusher-run maternal that is so graded from coarse to fine that, of the portion piisi!;ing a one 
inch sieve, not more than 20 per cent, by weight, will pass a No. 200 sreve. ‘The malerial. shall 
not contain oversize salvaged bituminous particles or stone, rock or concrel e fragments in excess 
of the quantity or size permissible for placement as specified. 

€32 Select Granular Borrow 

Select granular borrow, for special use in embankment or backfill construction o r  other 
specified purposes, may lbe any pit-run or crusher-run matenal that is so graded fronw coarse 10 
fine that, of the portion passing a one inch sieve, not more than 1% per cent, by weight, will pass 
a No. 200 sieve. The material shall not contain oversize salvaged bituminous particles ar stone, 
rock or concrete fragments in excess of the quantity or size permissible for placemexut as 
specified. 

c Stabilhing Aggregate 

Stabilizing aggregate used in improving subgrade stability !;hall meet the fox1 owing 
gradation requirement:;: 

Sieve Size Per Cent hssling 
I” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10~0 
:~/4” ............................................. 90-100 
318’’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50-95  
l\T0.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 5 - 8 5  
No.10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20-70  
N0.40 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.0-45 
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No.200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 - 1 5  

When the aggregate consists totally of crushed concrete thle part passing the No. 290 sieve 
shall be: not less than 3 percenl nor more than 15 percent. (Also see 3 1492A) 

D Granular Backfill 

Granular backfill material may be any pit-run or crusher-nin niineral product that will d l  
pass a 3 inch sieve and that is so gmded from coarse to fine thal, of the poflion passling; a one inch 
sieve, not more than 20 per cent, by weight, will pass a No. 200 sieve. 

E Aggregate Backdill 

Aggregate backfill material shall be a graded mineral product iineetlng the fa1 lowing 
gradation requirements: 

Sieve Size Per c:emt: Passkng 
2' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1(1@ 
No.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35-100 
N0.10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2(11-.70 
No.40 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a(11-35 
No.200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 -  10 

F Granular ]Bedding 

Granular bedding material shall be a graded aggregate product which all passes a I -inch 
sieve with not more than 10 percent passing a No. 200 sieve. 

G Aggregate Bedding 

Aggregate bedding material shall be a graded mineral product meeting the fcvlilowing 
gradation requirements: 

Sieve Size Per Cent Passing 
1" * - ~" , "  . . ~  D . . D . D  ~ ~ ~ 

:~/4" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90-.100 
3/8" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50-90  
No.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35-80  
No. 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0 - 6 5  
N0.40 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101-:35 
No.200 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 - 1 0  

* . "  * * D 1 0 "  ~ 0 D ~ 0 I ~ (. 1 " . ~  ~ 
100 
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w Coarse Filter Aggregate 

Coarse lilter aggregate shall be a free-draining mineral produc:t, excluding c~1.t:; hed 
carbonate quarry rock , cnished concrete, and salvaged bituminous mixture, and meeting the 
following gradation requirements: 

;Sieve Size Per Cent Prissiirng 
1” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
3/4” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $5- 100 
:3/8”. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30-60 
1 ~ 0 . 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0-,181 

I Blank 

J Fine Filter Aggregate 

Fine filter aggregai e shall he a free draining mineral prodiict, exc Xuding crushed carbonate 
quarry rock, crushed concrete, and salvaged bituminous mixture, arid meeting the following 
gradation requirements: 

Sieve Size Per Cent Passing 
3/8 ” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
I\io.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9ca-~I00 
No. 10 ........................................... 45-90  

rdo.200 .......................................... 0 - 3  
Id0.40 ........................................... 5 . - S ! ?  

K Sand Cover 

Sand cover material shall consist of sound durable particles of sand or gravel1 inneeting the 
following gradation requirements: 

Sieve Size Per Cent Passing 
I\i0.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 

Ivo.200 ........................................... 0 - 8  

No.10 ............................................ 95 .- ‘I100 
1\T0.40 .......................................... 0.-5O 

3149.3 SAMYIILING ANID TESTING 

A Sampling and Iresting . . . ,, ., Mn/DC)T Gradilailg annd Base Mlanual 

A-.9 



B Bitumen Conkenid: by the Collorado Vacuum E:xl radion 
. . * .  ,, ., * .  - .  . . * .  ,, . AASHTO T 1641 Method E: 

C Insoluble Residue * . . (I a, Mn/QB"lr I.,atboratory Manua~ll 

A- 1 0 
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