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Design Concepts for Rubblized

MansHALL R. THoMPSoN

The ll l inois Departlrrcnt of TrnnsJxrrlntiolt 's (IDOT's) l irst i lr lcrstalc rub-

hlization pntjcct wits constntclcd in | 990 on I-57 rrcnr I 'csolttl lr as ;lart of

a rchabilitation study. l lot-lnix nsphnlt ovcrlays (l lMA Ol,) wcre con-

structed ovcr a rubblizcd jointctl reinforccd cgncrcle pnvcrttcttt (JRCP)

rvith a granulrtr subbase. Excellcnt pcrfornlflt lce wns achicvcd on thc proj-

ect, rvli ich had accornlnodatcd 7.5 rrri l l ion ctltt ivalcttt sirrgle-axlc loatls

through 1998. Pcdoctically collectcd fall irrg wciglrt t lcllcctotrtctcr (FWD)

data in<licate thc seclions have rctained thcir slructurol capacity anrl

integrity. [fMA fatigue tl islress has not developcd. The success of thc

project pronrptcd tDOT to consiclcr portf nnd celrlent concrclc pavemcnt

iniCnirubbiizariorr an<I I{MA Ot" a vii lble and cost-effcctive rehabil-

i tat ion opt ign.  Rubbl izut ion is  part iculnr ly  appropr i i t lc  f t r r  c l i rn inal i r rg

rcllectivi cracking and for use rvhen PCCP palchirrg qtrarrlit ics arc higlr

or concrcle dctcri<lralion is i lr nn advanccd sl:rgc. I IMA OL ftrtigtrc con-

siderat ions contro l  t t rc  l ' lMA OL th ick l rcss rct lu i l 'c l t tc t t t  l i r r  nrbhl izcd

PCCPs. HMA OLs for rubblizcd PCCPs, gcncrally irr tfuc 150-mttr lo

250-nrnr (6-in. to t0-in.) rflngcr nrc thickcr lhalt t ltosc ttscd itt lhc traditit ltrirl

PCCP rchabi l i tat i t tn nnd HMA OL prt {ecls.  IDOT t tscs r t rcc l tarr is l ic-

empir icat  (M-E) f lex ib lc pavctnenl  dcsign procct lurcs l 'or  f t r l l -c lcpth

asphal t  and convent ional  f lcx ib le pnvel l lents.  M-E-bascd I IMA OL

<tesign procedures for rubblized PCCPs are being developcd. In tlre M-E

design procedures, lhc tcnsilc strtin nl thc botlonr ol'thc llMA Inyer is

used ro consider HMA fatigue. Tlrc structural bclravior antl l lMA OL

fatigue perfornrance of the Pesolum scclions are ttsetl i lr thc initial devcl-

opmcnt of ttte M-E-based l-lMA OL design proccdurcs for rubblizcd

PCCPs. Results from othcr rubblized PCCP pKrjecls arc bcing used to

rcfinc atr<J validatc the M-E dcsign c()nccpls.

Hot-Mix Asphalt Overlay

Various port land cenlent concrele l) : tvcl l lc l l l  (PCCIP) lypcs werc

original ly constructed on the I l l i rrois Interslate systclt l .  
' I 'he PCCPs

inclut led jointed reinforcetl  concrele pavelt lctr ls (JRCP), joi lr ted

concrele pavetrretr ls (JCP), alt t l  colt t i t t t tott .sly rei l t forced concrcte

pavements (CRCP). Major PCCP distresses are slab cracking, joirrt

deteriorat iott  and fault irrg, CRCP "pttnchott ls," PCC deteriorat ion

(extensive D-cracking) anrl hot-nrix asphalt overlay (lfMA OL)

reflective cracking altd subseqtlent crack deterioraliolr. PCC deterio-
ration extent and severity iltcrease con.sitlcritbly as the pavettteltts age.

Mnny of the originnl PCCPs on lhe lllirrois lttlerstatc systetn have
been rehabilitated. The Illinois Departtttcttt of Trarrspottatiott (IDOT)
used repair and rehabil i tat ion tecltrt iclues suclt  as slab jacki l tg, slab
patchirrg, joint rcpair attd replacenlenl, dianrontl  grir t t l ing, rni l l ing,
and HMA Ol- irr  i rr i t ial  Inlerslnte PCCP rehabil i tnt iolr projects. Soltte
PCCPs lrave becn rehabilitated rnorc than olrce. Many contplicating
factors arise in selecting PCCP rehabilitatiott o;ttions, particular'ly
rvhen tlrc section has been rchabilitntetl previously.

Fracture<J slab techniques have bcen usecl for tnutty years as a

rehabilitation option. Before 1990, IDOT hatl ttol ttsed n frncttrred

slab technique on an Interstate PCCP rehabil i tat iorr project.

Deparlrncnt of Civil Engineering, Urriversity of Il l inois nt Urbana-Chatnpaign,
205 North lvlathews Avenuc, Urbatta, IL (rl80l -2352.

Portland Cement Concrete Pavements

FIIA CTURBD SLAIT'I 'ECI INIQUES

'l 'hornpson's 1989 NC[IRP Syrrt lresis of I l ighway Practice (/) sutn-

rnnrizecl brcaki ng/cracki ng/seat i ng ( B/C/S) pract ices and techlrology.

The staled prilnary goal of B/C/S was to redttce (preferably elirninate)

IIMA OL re{lective crackitrg. IDOT constntcted and tnonitored sev-

eral B/C/S with FIMA OL projects irr the 1980s, but not ott lrtterstale

roules. Follow-tlp lnonitorittg sttt<lies (2) indicated that t[e B/C/S

techniques delayed, but did not eliminate, HMA OL reflective crack-

irrg. T'he clelay period typically varied frorlt 3 to 5 years, and longer

dclays were ncltieved with the tlricker tlMA OLs. Sirllilar lrertds were

notecl in the NCHRP Synthesis (/) artd a cotttpreltertsive nationwide

Nnrioni l l  Asplralt  Pavirrg Assocint iorr (NAPA) sttrdy prrbl ished in

l99 | (-?).
At rhe t i l t re of lhe NCllRl, Syntlresis, rubbl izat ion applicatiotts

were lot as widesprend as B/C/S, bttt severill stiltes Iad tlsed the

procedure. T[e NAPA.study (-?) ilrtlicated rrrbblization was tlle lnost

effective procedttre f<rr addressing reflective cracking. Rubblizatiolr

destroys PCCP slab contilruity arrd elintittates lrattsverse joinls arrd the

associated joirrt openiltg and closing lltat cause reflective cracking.

PCCP nrbblizing trreaks llte coltcrete into pieces tltat are substantially

debonded from atty stecl reirrforcemellt.

Typicalrubblizatiotr specifications re<;uire a majority of the PCCP

segnlent sizes to be lcss lltatt nbottl 50-75 rrlln (2-3 ilr.) at the surface

antl225-300 nun (9-n12 irr.) in lhc lowcr parl of tlrc slab. Itt sottte

irrslartceS, ttelr Sur[Ace Scgltlclll Siz.c reqtlirellletlts nre relaxed, and

larger siz.es are perrnilted. Itt receltt years, rubblizatiolt witlr ItMA

OL also has been u.sed i l t  PCCP relrabi l i tat ion conslrt lct ion wltett

concrete durabi l i ty pl 'oblettts (D-ct 'acking, alkal i-si l ica-reactivi ty),

excessive PCCP patching reqttirettlenls, or tltlncceptable slab fault-

ilrg are encounleted. Ilr projects in wlriclt consttttctittn and lane clo-

sttre lilne are limiled, rubblizatiott i.s atl attractive optiorr attd ciut be

built "uncler lra[[ic" ilt a shorter peliod (cornpared willt convetllional

PCCP rehabi I  i tnt ion leclrt t iques).

RUI}I}LIZATION EX I'EITI ENCI' IN II,I.I NOIS

IDO'I. 's f i l 'st  l rr tcrstnte ruhbl iznt iott  project wi ls cotlsl l ' t rctcd ir l  1990

on I-57 near Pesotutn, as l)art of nn .SI lll[ ' rehlbilitatiorr sttrdy. lilvf A

OLs 150 arrd 200 tntn (6 arrt l  8 in.) thick [scct iorrs 150 rn (500 ft)

longl were cortstructcd over a rtrlrblized 250-nrnl (10-in.) JRCP with

a | SO-rnrn grattular subtruse.

Excellerrt perfonttance wfl.s acltieved ott tlte Pesolttltt project,

which had accottt tnodnted i lpproxit t lately 7.5 rni l l ion eqtl ivalel l t

single-axle loads (ESALs) t lrrouglt t l re strtntner o[ 1998. Periodi-

cal ly col lected fal l ing rvciglrt  t lel lcctottreter (FWD) data indicate the
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sections have retained their struc(ural capacity and integrity. A 1997

IDOT report (unpublislrc<l) indicates tlre sectiotts are perfornrirrg vety

well. Ruiting is minirnal [3.5 rnnr (0.14 in.) for the 200-tnm section

and 4.8 rnn1 i0.l9 in.) for the 150-rr11 seclionJ, n1d tlMA fatigtre has

nof developed. The sectiotts sltow a lirrlited atttoultt of transverse

crackirrg (probably thenttal cracking) arrd block crnckilrg. Tlte cttrrcltt

inrenrational roughtre.ss inclex (lRI) valtres are 120 cn/krrr (79 in'/rni)

for the 200-nrnr secrion arrd 143 cltr/kltl (94 irr./rni.) for the 150-lttnt

section.'flre 200-rrurr HMA OL rubblizerl sectiott ltns the lowest IIll

of all the experitrtetttal retrabilitation treallnettts itt the lL SPS-6 proj-

ecr. lDoT also constrlrcted two rubblizetlJRCP projccts on low traf-

fic volurne state routes ilr the early 1990s. These projects also ltave

perfonne<l vcry rvell. IDo'f's favorable rtrbblizatiolt experiettce

iparticularly t5e I gg0l-s7 project) protrrpted tlre plarrrrirrg atrd cott-

sinlction of a largcr-scale rubblizatiolt projcct 0ll all Itttcrstate rottte

carrying a ntoderate traflic volutne'

r - t r " n " *p ro jec t , f . 3k l r r ( 3 .2 r r r i ) | ong ,wnscons t ruc tedo r r l - 57
(rrorthbound lane) ntnr Edgewoocl itr 1996.'l'6e origirral pnveltrettt

was n 200-nrrrr CRCP ovcr a 1OO-trrln (4-irr.) bitttlttittotts agglcgate

lnixture (BAM) subba.se. The pritnnt'y I'lMA tlrickness was 200 tttttl,

but a short 150-rnrn IJMA OL sectiolr also was constntcted.

The l0-year desigrr traff ic rvas 7' l  rrr i l l iolr  ESALs' A trtult iplc

hearl breaker capable of rubblizirrg PCCP larle width ilt otte pas's

was successfully used on the project. A cotttpreltettsive paper (4)

<lescribing the Eclgewood project has been publishecl. Tlte success

of the Pesolulrr and Edgewood projects prolrtpted.IDOT to coltsider

pccP rubblizarion anJ HMA OL a viable and cost-effective PCCP

rehabil i rat ion option that is part iculnrly appropriate for el i lninating

rellecrive cracking and for use wlten PCCP patchirrg quatttities are

high or concrete deterioration is in an advanced stage'

In 1997. IDOT constructed two atlditional rubblized PCCI's with

tllvtA OLs ort Interslnte projects:

. l-57 (southbourrd Inrre) in Urriorr Cotrrrty. Tlre origilral lraveltteltt
\vils a 25O-lrrtrt CRClt over n tSo-trrrrr grntttllar sttbttnsc"l'lre prtljcct

was 4.2 kln (2.5 lrri) lolrg. Ttre 2Q-year design traffic was | 3.3 rrrilliorr

ESAL.s. ntttl llte llt\'ln OL rvns 225 trrtrr. 
'l 'trc rrrtrlrliz.nliott sltccilica-

tion was that a majority of the PCCP segtttettts be less tltatt 75 tttttt

(3 in.) above the steel alrd the rrrniority be lcss tlrarr 225 lnltt below

the steel. A "coarser" rubblization specification (75 percellt of tlre

PCC segnrents less than 225 lttttt attd tttnxitttutn PCC scgrnetrt size

of 300 tntn) was used olt a 150-ln (500-ft) section.
. I-70 (rvestbound lane) at Greettup. The origilral pavelltent was

a 200-ntrn CRCP over a 100-mrrr BAM strbbase. Extensive rehabili-

tation (concrete patching, full-depth HMA patcfiing, arrd HMA OLs)

previously had beel copstlrcted on tlris projcct. Tlre projcct was

4.3 lan (2.6 mi) lorrg. T[e prirnary HMA OL tlrickness was 250 nttn,

bur rwo short [300 rn (1000 ft) longJ 225-rnrn ancl 275-nrrn ( l l - i rr .)

HMA OL sections also were coltstnrcted. The l5-year desigrl traffic

rvas 28.3 rrr i l l iorr ESALs.

Periocl ic pavernent coldit ion surveys and FWD tcst irrg have

been conducted on all IDOT lttterstate rubblized PCCP projects'

The sections generally are in excellent condition, except for sotne

greater-than-expected HMA OL rutt ing (a l l t ixture problerlr) t l rat

has occurred on the Ulrion County project.

Rubblized IDOT lnterstate projects cottstntcted to date ittclutlc n

range of HMA OL thickrresses fronr 150 to 275 lttttt, JRCP nrrd CRCP

pnvetnent types of varyirrg tltickttesscs, ntttl grattttlar atld BAM strtr-

ba.ses. Experience gninetl lrorn corrstrlrcting tltis rangc of sectiotts ltns

contr ibuted to t l lc dcvcloprrrcrrt  ol ' i rrr ;r lovctl  spcci l icnt iolts i t t td cott '
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s(ructiolr pr ocedu res.'l 'hc pavetrtellt l espotlse attd pcrforlnance infor-

ntatiolr alrd da(a fronr the sectiorrs facilitate the cotttinuitrg evaluatiott

of tlre PCCP nrbblizatiott procctlure.

A current conccl'n is the <letel'ltlittation of appropriate IIMA OL

rlricknesses f<rr a rilnge of projcct variablcs. Factors suclt as PCCP

paverlelt typc altl thickttess, sulrbase type nlrd tltickltc.ss, rubblization

speci fi catioris, arr,l subgrade'roperties are uttder coltsideratiott.

RUtlllLIZEl) t'A vltNl ItN'l' tt ItI lAvlo l{

A rubb | i ze< |a l r c l co t t r pac te< |PCCP isa t t nsse t t r b l agco fPCCseg -
lnerrts that f'iln a f iglitly kcyed, ilrterlocked, higlt-density Inaterial

layer. A rubblizetl PCCttlayel'is lracturel, lacks cotttiltttity, artd can-

ltot.sustain a flcxural srrcss. llowever, it possess higlr slrcar strength

and nrttirrg resistance. It is not a typical granular tnaterial' -,
I . | r e N A P A s t u d y ( 3 ) i l r c | i c a t e t | t l r a t a r t r b b | i z e d P C C P | a y e r

bcfiaves like arr "ulrbut,,t.l tltatcrill": 
'l 'fuc prodtrct of tfte rubblization

pr.ocess leilves arr irr silu Inyer ()f ttlatcrinl sirnitar to the appenrance o[

urrboutrd basc layers. l'lowevcr, it has beerr cotrcludetl that tlre inher-

ent strerrgth oI the nlbblized layer is betrveett | .5 and 3 tirnes as effec-

tive ilr load clistributirrg chzu'acieristics as zr higlr-qtrality dcnse-graded

cruslted stoltc bnse.

Ul r ivers i ty t l f l t I i l ro isa l ta |yscso[severa|setsof tDoTFWDdata
lor the rubblize<l PccP sectioll on l-57 at Pesotutn ilrdicate the luF

blized PCCP layer is snperior to a high-quality grattular layer' The

data in Figtrre I slrow tlte expected 40-kN (g-kip) FWD deflections

for a corrverrt iorral f lexible pavelttctt t  (wit lr  a higlr-qtral i ty delrse-

grade<|grant r |arbase)co l l rparec| to t | te t t leasuredFWDdef lec t ion
ior the rubblizetl pavelnettt. The tteflectiott estitnates are based on an

lLLl-PAVE- basetl <lesigrr al goritluil developed by Thornpson attd

Ell iot l  (5).

Log A = 1.96()2 + 0.0465 Jn, '  -  ().5637 (Lng T, 'u ) lTn

- 0.o464 (Log l in.-) ' lnc - 0.2079 ( l-og En;)

( t t '  =  0 .95 SEE = 0.046)  ( l )

wltete

A = srtr lace t lcl lcct iort,  t t t i ls;

Tnc = AC strrfiace (ltickltcss, illcltes;

Tcn = graltttlar blrse tlrickrtess, ittches;

Enc = AC ltrodtr l t ts, ksi;

Eni = lrl'eitkpoilrt rcsilicltt llttxlulus oI strbgrade, k.si (the tcsilient

rnotlulus at a l.epeated deviator stless of approxirnately

6 lbf/ irr .2):
/?2 = cocl ' f ic ient oI detctt t t i t t i t t iol t ;  atrd

SEE = staltdartl eu'or of c.stilltate.

[i61. anrl subgrldc [ip; wc1c backcnlctllalctl firgttl the I]WD data.

Tlrus, a clilect cotttltarisott catt be tttnde betweett tlte rubblized PCCP

layer and the granular base. lt i.s apparent that the rubblized PCCP

layer is tnore eflective irr loatl distributiolt.

I'fie NAPA study (3), n rccettt ftldiarra Dcparttneltt of 
'l'ranspor-

tatiotr (INDO'f) rcport (6), arrcl otfter avnilablc datn irrdicntc that back'

calcutated tnodtrli ftrr rtrbblized PCCI' laycrs are cottsitlerably lrigher

tlrarr for convenliotlal graltttlar blses. Ulliversity o[ Illinois lneclta-

rristic-ctnpiricul (M-E) attalyscs of IDO'l'FWD dattr lor tlre Pesotunt

l-57 lrrterstatc sccliotts :tlso sltow tlle l'trbblizcd PCCP layer ntotltrlus

is sugrcri t tr  lo l l r i t l  of n higlr-t ; tr i r l i ty gl ' : t t t t t l i t r  sttbbasc.

t

:



Thontpsott

Gratrular ntateriats display "sllcss hardeltittg" bcltavitlr.'l 'heir lnod-

uli increase as slress state increases. Lirnited IDOT FWD data for tlre

HMA OL-rubblized PCCP section on t-57 itt Uttiolt Cotrnty dcnron-

srrared that for load levels ranging fron 27 kN to 40 kN (9 kips) to

53 kN (12 kips) on a 300-mtn-diantetcr load plate, thc PCCP layer

did not display stress-dependent behavior. The nrbblized PCCP layer

is not a convcntional stress-hardening granular rnaterial'

It is apparent that a rubblized PCCP catlnot be considered a tradi-

tionat material. Thus, new slruclural analysis arrd design approaches

nrust be considered.

II  I \ IA OVERT,AY TIIICKNBSS

Gcncrnl

HMA fat igue consideratiolts control OL thickness requirelnents

for rubbl ized PCCP. The cri t ical I{MA strain occurs nt the bottonr

of the HMA OL. In contrasl,  HMA fat igue is not the fai l trre mode

for a tradit ional HMA OL constructed over a rehabil i tated PCCP.

Rubblized PCCP, subbase, and strbgrade rutt ir lg gelreral ly are not

control l i rrg t lesign cri teria. l lMA rtt t t i l tg, l l terttr i t l  crnckit tg, att t l

durabi l i ty (weathering and str ipping) are i lnportant mixture design

colrsiderat ions.
HMA OLs for rubbl ized PCCPs are lhicker (gerrcral ly irr  the

150-rnrn to 250-ttrrn range) l l tal t  l l to.se ttsed to sttrface PCCPs rehn-

bilitated by using trnditional PCCP patching and repnir procedures.

The thicker OLs are used on increased design ESAL traflic sectiotts.
Considerably thicker IJMA OLs also have been constructed. The

Ohio Department of Transportation has constructed sonre rubblized

PCCPs (design ESALs of approxintately 42 rnillion) with HMA OLs

ranging from 338 to 363 mrn (13.-5 to 14 in.).  In 1998 on I-65 nenr

Lafayette, Indiana, INDOT bui l t  a 325-mnt t lMA OL on a nrbbl ized

PCCP project, with design ESALs of 39 nrillion.
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Constntclnbi l i ly

Atlequate in situ subgratlc strettgtlt is essclrlial lor sttccessfully sttp-

porting rubblization and high-quality HMA OL corrslntction oper-

ations. During I{MA OL constnlcliott, tlre srrbgrade is protected by

the cornbined thickness of rubblized PCCP and subbase. Field expe-

rierrce has shown tlrat rubblized I'CCPs with larger PCCP segnrent

sizes provide ttlote efl'ective cover than do sntaller PCCP seglllents.

IDOT's Subgrade Stability Manual (7) is used to cortsider con-

structability issues. If subgrade strengtll during construclion is not

nrlequale. tlre PCCP seglnent size catt be ittcreased (to a tnaxinrum

of nbout 300 trutt), or it lnny lre ltccessitry to etltploy iltnovative

FIMA delivery procedurcs to sup;rly tltc paver. In projecls with very

low subgrade stlcngths, rubblizalion rnay not be lhe best PCCP

rehabil i tat ion option.

Currcnt Procedurcs

HMA OL thickness design procerlurcs for rubblized PCCP have been

proposed by NAPA (-1) and the Asphalt Institute (8). Iloth include

procedures bnsed on AASI'ITO (9) principles that relate layer coeffi-

cient (layer lhickness in inclres) to material lttodulus. 
'fhe Asplralt

lrrslitute recotttntettds an AASIITO layer coeflicient of 0.2 for rub-

blizcd PCCP. In tlre NAI'A procetlttre, llte recolntltended layer co-

ef{icierrts range fronr 0.34 (75 percerrt rclinbility), 0.30 (85 percent

rcliability), 0.29 (90l)crcent reliafiility), O.26 (95 percent reliatrility)'

to 0.2 (99 percerrt reliatrility). The 1993 AASIITO gtride (9) recont-

Iuended coefficients for rubblized PCCP rnnge frorn 0.l4 to 0.30. A

recent INDOT study (6) conclucled a coefficient of 0:22 "rcprcsents

o conservalive vnlue." 'I'he wide ratlge of coefficients for nrbblized

PCCP obviously will prodrrce a large rntlge of I'lMA OL thicknesses!

Tire Asphalt lrrstitutc also strggests that the mbblized PCCP and

Subbase can be convefled to an "equivalettt granular base thickltess"
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and suggests that rhe required I-IMA oL thickrress be based orr the
insti tute's Ms-l procedure (10) for conventiolral f lexible pave-
ment design. The procedure considers IIMA fatigue. This is a very
conservative approach, because it has beerr dernonstraled that rub-
blized PCCP dentoltstrales better lond distributiolr characteristics
tfrarr typical granular base Inyers.

A previous University of Illinois-IDOT study (1/) denrorrstrared
the inadequacy of the AASI{ IO-based structural number-layer
coefficient design procedure for convelrtional (HMA surface-
granular base) and full-depth HMA flexible pavernenrs. Sirnilar find-
ings emerged frorn early analyses of FI{WA LTPP program data.
AASHTO-based procedures probably are even less applicable for
rubblized PCCP-HMA Ot. pavenrents for which linrited perfor-
mance data are available.

lllinois Pavenrent Dgsign Concepls

IDOT has adopted M-E flexible paveltrent tlcsigrr conccpts tbr full-
depth (12,13) and conventional f lexible pavenrents (/4). The M-E
design concepts for these pavemerrt types show that for thicker
HMA surfaces, HMA modulus and tlrickness are the rnajor factors
that influence the tensile strain at the bottolrr of the HMA layer arrd
thus HMA fatigue perfonrralrce.

In previous Universiry of lllinois research (/5) arr ILLI-PAVE
full-depth HMA database was analyzed to develop a retation
between the area under pavement profile (AUPP) FWD dellection
basin pararneter (see Figtrre 2) arrd the tensile strain (ea6) at ttre bot-
tom of the HMA layer. (Note that the FWD testing is on the surface
of the HMA layer.) The relation is

Log ea6 (rnicrostrain) = 1.001 + 1.02a (Log AUPP I irrche.s]) (2)

Note that the HMA thickness is not a requiretl irrput in Equation 2.
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Urriversity of I l l i rrois nltalyses of a sirrr i lar ILLI- lrAVE conven-
tional flexible pavelrrent (HMA surface-gralrular ba.se) database
(5) indicated the validity of the e^c.-AUIIP nlgorithrn. Urriversity
of lffinois-IDOT re.search project lt{R-535 alralyses (16,t7) of
MnROAD data (FWD re.sponsc nrrd IIMA €^c rneasurernerrts) froln
iltstnttttettted full-depth asplralt and corrvclrtiolral tlexible pavernerrt
sections also validate the eflicacy of the e,1c,-AUPP algorithrn.

Thus, AUPP FWD data for IIMn OLs ovcr rubblized PCCPs can
be used to estirnate enq witlront usiltg backcalculation and .struc-
tural nrodelilrg procedurcs. For I'IMA thickrresses Ereater than about
125 lo l5O nrnr, IIMA rnodulus alld IIMA thickrre.ss are the clolni-
nant factors lhat inlluence AUPP arrtl e71s. For full-depth asphalt altd
conventional flexible pavenrents, AUPP is relatively irrsensitive to
base-subbase-subgratle corrd i tiorrs.

I{ill and T'hornpsotr (/5) dernorrslratcd tfrat IIMA layer "flexural

r igidity" IFR = Ef] (E = IIMA rnodulus; T = HMA thickness)J is
ntr excel lcnt irrr l icator of t l rc FWD n UUP deflect iorr basin shape
paratneter. As E'Ir increases, n UPP arrd IIMA OL strain decrease.

M-D-IIASBD IIMA OL DI'SIGN CONCEP'I'S
FOR RUI}I'LTZED I'CCI'

Gerrernl

Cotrcepts sinrilar to those dcveloped by the University of lllilrois for
IDOT (12-14) are beirrg used to extend M-E-based colrcepts to the
analysis nnd de.sigtr ol'IIMA OLs for nrbblized PCCPs. The struc-
tural behavior (characterized by FWD data) and tlMA OL fatigue
perfonrtance of tlre I-57 rubblized pavernerrts ( 150 rnru arrd 200 HMA
OL sections) lrear Pesotuln, Illilroi.s, werc used ilr initial developrnent
activities. FWD results frotn other Intcrstate nrbbliz.ed PCCP projects
are providing data arrd ilrlorrrration lor relilriltg arrd validntilrg thc
concepts.

qLoad

Orig ina l  Pavemenl

AUPP = (Area under Pavement profire) /r2 = (srD0 -L*Dl - 2*IJ2 -w) n

FIGURI' 2 FWD AUPP deflectlon basln parnnteter (AUPP ln lrrclres, D irr rnlls).



Thompsotr

Pesolunr Sections

A sumrnary of the periodic FWD lesting for (he Pesolurn sectiorrs is
shorvn in Table l .  The HMA moduli  (Ea6) and subgrade En; values
were hackcalculated lrorn previously developed nlgori t l rrns (/8) for
full-depth HMA pavements llrat are routinely usetl by IDOT.

The rubbl izct l  PCCP rttodulus (Er,urru) wns calcul l ted by usirrg
the ILLI-PAVE slress-deperrderrt f ini le elernerrt rnodel i l r  a tr ial-
and-error procedure. The backcalculated E,1s and sutrgrade Ep1
values are known. The nrbbl ized PCCP layer was Inodeled as a
250-rnrn-l lr ick constarrt lnodulus layer. I tubbl izcd PCCP rnoduli
(E',t,uu) wcre assigned untilan I?WD dellection basin (40-kN loading,

300-nrrn-diarneler plate) nratch was obtained.
To provide a check, the WESDEF proceclure was ttsed to back-

calculate the rubblized PCCP nrodulus. The E,1s for WESDEF wa.s
assigned the sanre value used in the ILLI-PAVE analyses. The
WESDEF nrodulus calculat ions were for the rubbl ized PCCP and
subgrade.

The ILLI-PAVE and WESDEF Eu,,"n values are showtt in Table L
Thc valtre.s :uc sirnilar. It i.s npparcnt tlrnt 8,,,,,,,, is rrol cortstnrrt but is
varied for different test limes. Figure 3 slrows ILLI-PAVE
Ep11ss-8,\cTr data. There is no colrsislcrrl lllvlA OL thicklress efflect.
Average values for the two thickrresses are about lhe satne. For a
given Ol- thickness, larger llur,,,,,'s lcrrd to be relate<l lo iltcreased
E^.Tt values.

Figure 4 shows the relation bctween AUPI' and 8,1c.'fr for the Peso-
tuln sections. An inrproved AUPP estiruate (sce Figure 5) is achievcd
if both the Eoc.Tl and the Eo,,u" tenns are irrcluded in the regression
equation.

The f lexural strain at the bottonr of the l lMA overlay is avai lable
fronr lhe Pesotunr ILLI-PAVE results alrd datn u.sed lo backcalcu-
lale Ept,jrr. A favorable conrparison (slrowrr in Figure 6) betweerr the

Note:
I  inch = 25 mm
I  m i l=  0 .025  mm
I  ks i=  6 .9  N{Pa
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ILLI-PAVE AC slrain wit lr  the AC strain esl irrrated frorn the FWD
AUPP dnta (Equation 2) was obtaincrl  for thc Pesolrrnr datn.

Additional FWD dala were available frorn other Interstate rub-
blized PCCP sections corrstructetl in lllinois since 1996. The Peso-
turn dala and .sonre data lor lhe otlrcr.sectiorrs are plotled in Figure 7.
It does not appear tlrat ihere is a urrir;ue relntion between AUPP and
Eo.T't. Recall llrat tlre othcr sections irrcluded different PCCP pave-
lnent lypes and subbases. Rackcalculated Enlnr values for the other
sections showed consitlcratrle variability and sonre werc as low as
20-30 ksi.

In the Union Courrty I-57 project, i t  coarse rubbl izat ion specif i-

cation section (75 percent of llre [tCC segrnenl.s are 225 mm or less

in size and are a maximurn size of 300 nrm) had a considerably

srnal ler AUPP f l8 cnr (7 in.) versus 29 cnt (11.4 in)J than the proj-

ect "finer" rubblization specification (PCC segnlent sizes less thalt

75 nrrn above the steel and less lltan 225 rnm below the steel). Sinri-
'lnr 

results have been noted on other rubbliz.ation projects throughout
tlre country.

The segnrent .size irr llre nrbtrlizctl I'CCP itrfluences tlte structural
responsc. Latgcr scgnlcnl siz.cs alc :tssociittcd witlt rcdttced dcllcc-
lions nnd rlecreased AUPPs (reducecl llMA OL straitt, longer HMA
fatigue life). A.s PCCP.segrnent .size further increases, and approaches

segment sizcs typical of break-crnck-seat ditnensions, furtlter reduc-

lions are aclrieved, but rellectiorr crack corrlrol el'fecliveness will

dinrinish.

Prc<lictlng Fntiguc Lifc

HMA fat igue is lhe control l ing overlay thickness design cri terion
for practically all rubblizcd PCC['.s. Iratigue lile can be predicted

T,\l lI.B I I 'esolrrrrr Te.st Scclion l)atn

Average FWII l leflecllons, mlk
Average ILLI-PAVE

Alsorllhnrc
Bru1,11 lul

Ter l  Date
HMA

Temn.. oF
IIIltA

Thlclc, In
DO

@ 0 "
D I

@ 12"
D2

@24"
D3

@ J6"
AUPP, In AREA, In Enc, krl Erl, k"rl ILLI-PAVE WESDEF

sl20l97 7 l 6 7.9 6 . 1 4.4 3.2 7.7 24.4 709 t0 .5 1 3 5 161
5n3t93 73 6 8.5 6.6 4 .7 3.4 8.2 24.4 737 t0.  I l t 0 t 3 9
5ll0196 50 6 7 .2 5.7 4 .2 3 . t 6.6 25 . l 924 il t 50 192
6t29t92 88 6 I  t . 3 8.0 5.2 3.6 t 3 , 3 2t.9 375 9.6 73 86
6/l 8/98 8l 6 8.6 6.4 4 .3 3 . 1 9.4 23.C 655 r  t . l 120 I  l -5

7n0t9l 94 6 t2.6 9.3 6 . 1 4.C t4.3 22.5 4 0 t 8.2 57 6t
7lnl95 88 6 10.2 7 . 1 4 .8 3 .3 1 2 . 0 2t . 346 | 0.6 80 I  t 4
8/1t94 88 6 lo.7 7 .9 5.3 3 .7 I  t , 7 22.9 440 9 . 1 t00 t00

5/t3t93 73 I 6.0 4 .8 3 .7 2.9 5.0 26.1 1,024 n."t 1 3 0 187
5n0t96 50 I 5.4 4.4 3.4 2.6 4 .4 26.2 t , 192 12.6 t s0 209
6n9t92 88 I 8.0 6.0 4.3 3 .2 8 . 1 23.9 574 t0.7 80 t06
6/18/98 83 8 6 . 1 4.7 3 .5 2.7 5.7 24.7 865 t2.4 1 3 5 t60
7n0t9l 93 E 9 . t 6.8 4 .9 3.6 9 . 1 24.0 484 9.4 65 98
7nt /95 88 E 7 .3 5,5 4.0 3.C 7.3 24.C 5s3 I  1 . 4 90 t40
8t3t94 88 I 7 .5 5.8 4 .3 3.2 7 . 1 24.e (rl9 t 0 .8 l t 0 t36

Average 6" secfions.'
Average 8" secfions.'

Average for all secfions:

103 123
109 148
106 134
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on the basis of the estimated IJMA strai l t  al td'an HMn fat igue

design algori thrrr.
The lllinoi.s M-E design approach is ba.sed on tlte concept of

"Desi gn Ti rrre" AC tenrperatu reltnodul trs. I'l MA fati gtre collsulnp-
tion for Design Tirne conditions is equal to lhat estilnated froln

considering rnorrthly seasoltnl effects.
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The IDO'I (12)M-E IIMA faliguc algorithrn is as follows:

N = (5 x |o-( ' ) (VI IMA srrairr)r"  (3)

where N is tlre rrurrrber 0f | 8-kip ESALs and tlMA Straitr is thc HMA
ten.sile strain at the bottoltt of the HMA layer.
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FIGURB 3 E*uun-En.Tr data for Pesotutn rrrbblizcd PCCP sections.
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FIGURE 4 AUPP-E^.'f't relation for Pesoturrr mbbliz.ed I'CCI'sectlorrs.
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Thonrpson

The HMA slrain (an<l the AUPP) reqtriretl to accorllmodate tlte

design ESALs can be eslablished from the fatigue algorithnl and

Equarion 2.Fora given Design Tinre Erc, n AUPP-EA('TI algorithm

(as shown in Figure 4 for tlre Pesotum project) can be ttsed to estab-

l ish the require{ HMA OL thickness. I f  an E*r,un estimate is avai l-

able (or can be assignetl), alr algorithrn inclttdirrg llncT't and ExuDrt

(see Figure 5) also can be used.

MEASURED AUPP' In.

FtGURlt 5 AUPP contpnrlsorts for E1q'I'r nn{ lh1.'l 'Vltrxurx algorlllrnts'
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An alternafive approacft is to extrapolate the perforntance of

existing rubblized PCCP pavements to new design conditions'

The Design Tirne AUPP (an{ HMA strain) can be establ ished

frorn periodic FWD testing (over a range of temperatures) on an

existing "inlact" pavenrent. The relative estimated fatigue life of

B new pavenrent (alrr l  related Design'f inte E^c' I IMA strain, and

AUPPj is the rat io of t l re I IMA strains (exist ing pavement/"new"
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FIGUITE 6 AUPP :rlgorllhril-ILl,I-PAVB slrnln corrrpnrlson.

Pesotum rectlons

r+  1 .9645

559 ./
Log (AUPP,in.) = -0.4565'Log(ETr

R2 = 0.8884
I I
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100

Eac*T3,kiPs- in ' '  ( {  000)

FIGURE 7 AUPP-B^.T' relationS for I 'esotuttt attd 0tlter rubbllzcd PCCII sectiotts'

paverrrent) raise<l to the t-tMA strnit t  power tct ' t t t  i t t  t lMA fal igue

algorithnrs of the forl t t

l /  = f t( I /HMA strain)"

N = k'( l /E,\c )" '( l / l lMA strnit t)" '

The two approacltes are delttottstrated in the ftrllowing with the

Pesotum data.
The Design Tirne tenlperatut 'e (12' l  for Pesotutrr is 27oC (81'F)

Regression anatysis of the E^g - pavelnellt telllperatttrc data ilr Table

I indicated the Design Time E^q for tlte Pesotutn scclions is 4.4 GPa

(63a ksi). Estirnated HMA strains (based ort tlte AUPP-E^.TI rela-

tiorr in Figure 2anrJEquatiotr 2)for the 150-lnrn attd 200-lrtln FIMA

oLs are 103 rnicrostrnitt attd 69 lrricrostraitt, respectively. The cor-

responding fatigue lives (Equation 3) are 4.6 rrrilliorr ESALs lor ihe

1SO-rrtnr sectiolt  and 15.2 r lr i l l iorr ESALs for t l te 200-rntrt  sectiott '

Because the 150-rnrn HMA OL section nlteatly ltas sustaitred tttore

than 7.5 ntillion ESALs witlrout fatigue failures, tlre IDOT fatigue

algorithrn is conservative.
The alterrrative "Relative Li[e" npproaclr also catt bc used to

extrapolate the 150-rnrn HMA OL perforlllallce to otlter corrrli-

tions. The fatigue lite of the 1S0-trrrtr Pesotttttt sectiott is greater

tharr ?.5 mil l ion. Tlre strairr rat io for the 1S0-rnttr and 200-lt tm

HMA OLs is 1.49 ( 103/69). The estitttntecl relative latigue life of tlre

200-lnrn oL is | .49 riliscrl to thc I IMA slritilt powcr tcnn itr tlre fntigue

alggritftrrr. ]'hc sepsitivity of tlre rclative fatigue life tg tfie [lMA

stinirr power tenn is sltowtt ilr thc followirrg table ftrr tlte ltc'sotultt

slrait t  rat io of 1.49.

l'RA N S P O RT'AI' I ON R ES EARC TI R ECO RD I 684

llckuivc I.iJc

3.3
4.0
4.9
7.3

1 0

I tol 'er ' l 'et r t t

3,0
3.5
4.0
5.0

For a Powcr Tct1tt of 3.0, tlte estitttated fatigtle life of tlre 200-lltnt

HMA OL secrion is 25 nri l l iorr t isAls (3.3 x 7.5 mil l iott) .

Note the selrsitivity of llelative Lite tr: Powcr J'enn. Assurrtillg

silrrilnr ItMA fatigue propcrties, fatigtre lives for other projects can

be estilrraterJ frolrt existirrg rubbliz.ed PCCI' projccts'

OT}SERVA'I ' IONS AN D SUMMARY

As rnore tlMn OL-rutrblized PCCP respollse atrd pcrfortttnttce tlata

nnd HMA fatigue irrfr.rrrrrutiort becolttc availablc, tlre nnalysis and

tlesign concepts preserrtetl irr tlris paper will be re{inetl.
't' ire followingobservntiorrs shoultl be lrelpful in ftrture l{MA oL

tltickttess desi grr activitics:

Greenup, Edgewood and Unlon CountY

AUPP, In.1 = -9.3561'Log(ET!, klpe-ln'l|000) + 1'8776

Rr = 0.384.4 SEE = 0.1162

--  ' - - - - l  
Pesotum

Log(AUPP,ln. ; = -g'4u65'Log(ETt'klps-ln'/1 000) + 1'9645

R2 = 0.8655 SEE = 0'0559

1,000
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o The AUPP FWD deflect iol l  basin paratttcler is att  excel lent

parameter for estintatirrg lhe IIMA OL llextrral strairt'

r  Ttre HMA strain-AUPP relnl ion (Eqtral iott  2) cotttpnres

fnvoratr ly with ILLI-PAVE calctt lut ions'
. AUFP-EngTr relntions catr be used to atlalyze alrd clesign IIMA

Ots for nrbblized PCCPS.
r There is not a uttique E^c'fr-AUPP rclatioll tltat accotntnodates

all nrbblized PCCPS.
o Rubblization speci t ici t t ions (f i  t te, conrse) inf l treltce rtrbbl ized

PCCP bchavior. Larger PCCP segment sizes decren.se tleflectiotts,

AUPPs, and HMA strait ts.
o The Pesotuttt I-57 data analyses show AUPP llrcdiction acctl-

racy is inrproved if E^cTl antl Ep1,1|p terlns are incltrded in the AUPP

algorithnr (see Figure 5).
e I t  is npparent lhat Ep1llv11 is t lol  a cotlslnnt '

.  HMAOL farigue t i fe est inrates and Relat ive Life calculat iotts

are very settsitive to llMA fntigtre properties'

Continued FWD dafa analyses attd perfortttancc lnonilorirrg of the

various IDOT nrbblizecl PCCP projects (and data available frorrt

other projects) shouttl provide an improved perspective of the fac-

tors tliat iignificantly influence AUPP arrd I'IMA OL life. En.Tt,

pccP type and thickness, rubblization specilications, attd subbase

,yp", "oir.ti,ion, and thickness 'rny be irnportattt. StrSgrn4e Inodttlus

does not appeilr to be significant'
Th ispaper i r rd icatesM-E_basetJdes igncol lcc | ) tsa l tdptocedures

*" opp-jriare for rhe analysis and design of I-IMA OL thicknesses

for rubblized PCCPs. Reasonable estilnates of llMA strain can be

made. As is the case for M-E flexible pavelnenl desigl (/9), the selec-

tiol of an appropriare <lesign criterion (HMA fatigue algoritlrrn in par-

ricular) is a very irnportant part of the process. IIMA OL fatigue life

estirrrales nntl Relative Life calctrlntiorts ru€ very settsitive to tllt4A

faligue proPerties.
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