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Abstract

As a durabl e, Mmaome minaalce @amdhclrewe materi al | |

i s steadily becomfimrg madrey phied ewayy dp avheomeret app
current RCC pavement thickmpssidasihgnbpowoédediur
st@&apg actice of-embper me)ahmpavbsmdarrct desi gn appr oac

fati gled smaased in the available RCC pavement t
found -groe divetr pavement fatigue damage under in
I n this study, the field fatigue perafcocremaenrcaet ec

pavement testing (APTal exPRECIi mamememdisecaed f ubh:
pavement responsestaaerd sémpensat weee moNnitored
optical strain platesdseahndtueestr vree Wl tus i aargd i fni rsii
To further evaluate the performance of RCC f at
experiment was per foutmeRICQ sslnaggb 6s8a mp led sd fsraomm A
the fati pgdeimelsaviuorRCC pavements. This is the



fatigue behavior of field RCC beawesnamplye a spre

type paver and a vibratorycompaerpadlT®EENtE scuan s
achieve higher flexural strength and exhibit I
Based on the beam fatigue test results and in
fatd gihe model was ndge vae Imoped ,acpruavaitce sol uti on

number of | oad repetitions of RCC pavements s
then calibrated into an RCC pavement fatigue ¢
observed, which could be used in RCC thicknes:
design t hi ctkenrems sf aatnidgde npger f or mance of RCC payv
Final {Ey basmed RCC pavement thiphkheedsideshgna pt
propofedeBi gn procedure was basedEobedihgn curr
framework and applied the research findings ot
proceadusttge,pep RCC thichhesssadepirgseax anm.
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Abstract

As a durabl e, @naomdminaalcergmthclrewlke! enat eo mp
concrete (RCC) is steadily becoming the pr
applications. However, the current RCC payv
empir-basédy not f-olplrawitnget lod rednptetr arc)a | (M
pavement design approach. I n addition, the
pavement thickness design pr ocperdeudriecst have

pavement fatigue damage under in situ heayv
I n ¢thudy, the field fatigue performance of

accelerated pavement tesdc¢alge (RCT)p &@Kxementm
Loadhduced pavement r erseploantseeds satnrda itnesmpweerraet u
t wonbeddeodoptilbat strain platesdeabnhducervei ed
results and finite element modeling.

To further evaluate the performance of RCC
fatigue test experi memnstaewads REer fsd rarhe & aunpil re
APT sections to investigate the fatigue be
first research study to investigate the fa
prepared and codenhsudtpgyaesphmbetra amidgta vi br a
The resul ts icnodmmpcaacttee d hRRGC ap awed ment can ach

strength and exhibit better fatigue | ife t
beam fatigue test rmdoulmamncaend fi MAPSTI ttwe sftatsie
fatdi ghhe model was developed, providing a m
all owabl e number of | oad repetitions of RC

l oading. This modebnw&€Ct pbamemaht bfateduen
function based on the APT performance obse
design procedures to determine -themopat mgm
performance of RCC plaiveateinars. for roadway a

Final {Ey basmed RCC pavement thickness design
propofedeBi gn procedure was basedEon the ¢
Design framework and applied the research
prpmmsed design -psobepdRCE,t hi skprpepss design e
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| ntroducti on

Probl em Statement

Rol |l er compacted coansclruertpe c(oRM@QCG)e ties na xsttuirfef
with aecodispbhalt paving equi pmenA ramncdce nadnyp
compl eted accelerated pavement testing stu
in.) pavementi muidadi loveeamemt 8ha&bse can provi
capity with excellent field performance an
pavement alter madliwme froocadwawrddsilomw i n Lot
and overloaded trucks are often abundant.

cmpaction methods and surface texturing te
choice for many pavement appl i-maitntoenrsa mcse a
concrete material. However, exi stRnrgt IRCCd p
Ceme nAs s o(chC#igitchmdnandd States Army Cops of
(USAQEr ocedure) are only applicable for the
pavements with RCC design thickness of 8 i
mec ha-s+eimpi rMEc)alst(ruct ur al pavement design pr
for an RCC pavemésntp adveesmegnnt. dAess iDgONT Dappr oac h
from the 1993 AASHTO decsalginlpapadossadurMe t o t
met hod, there devandEdpybapesdtd nded kih@ess desig
RCC pavement applications in Louisiana.

0 139



Literature Revi ew

RCC Pavement

RCC pavemeretcoigniweldl as a unique type of ri
compacted by similar. eonhsasplcali onpaygerin P mam
that used for flexible pavement constructi
describes RCC as a comparatively stiffer Db

gradation and | owetowabeveaootnoeal compaet¢te
the year s, RCC has proven to be a great su
and dam application since this material ty
|l esser curing pkrcodctbaa. cBPnveatibgwa the
concrete has -ampkecfied asdaheasy | oad resi
for typical road and street applications.
in intederatemshoul coll ectors, and parking
advancement in the compaction procedure of
more in the subdiandianteesaldentadwagsrgte]
uses of RCCosintcd uRIEGwmpatpeamephal t, | anes des
vehicles, and road intersections [ 2].

The history of RCC pavement aligns with th
fl exi ble pavement constructionctbBbnce 1970

technol ogy promptly initiated in Canada an
theitbBeadbsswell as other countries also exp
airport runways, dams, par ki mg slucsttsaiannadb | see
economi c, and rapid construction material s

pavement was constructed by thebéaud Arhmy Co
first davegmapplication took ploadcaed ihnubTexas

facility [3]. Now, consi demii tBgatoetslhye rRoCaCd wa
usage as a pavement application has exceed
Predilection towards the RCC pavepamwtesneat e
construction practices is mostly because t
need any additional equi pment necessary fo
process can be followed | i keanflggx0ald2.)e pave
financi al benefits can be al so achieved by

0 14 ¢



cycle cost analysis as construction a
i bl e pavements [ 5].

o -
X

An increasedompaed odomonl éteed pavements as an
especially because of its construction con
better structur al capamptgoh6tetaAas RECti1I al
materi alingdithraaben ad s adseprhsail tty opravhergh Later,
vi bratory roller or static roller is wused
|l ayer is attainable using the process that
convealipigid, pavAaAmenher [Bey benefit of RC
requires |l ess rehabilitation and maintenan
used flexi,slue@bp pwreemamtent deformati on (rutt
di st meRLC pavement due to heavy traffic |o
Fatigue analysis is importanti sfuobrj eac treidgitdo
repetitive cyclic |l oadings from thermal va

appearance of trassvkase andckosngndedi nape
considered as one of the primary distresse

the design i fe. For RCC pavement, the cra
since dowel bar s,aroer nsotte euls erde i[n8f]o.r cFeante ngtu e
pavement indicates that t hfer admersv ggmt it cn alk ne
concrete pavement icupritmpet heesafbDhti Blowewvée
standard RCC paveemesntt aeaspplny pamy tafc t he e x
design methods including the American Asso
Of ficials (AASHTQ)e sli9on3 pernmopdtexdi ewme nd s MEi Idle sd
guidelines obtat B&dA Wy eNCHRR remxgdrude RCC p
their software packages. Among tPmmeveot her a°
devel oped by Portland Cement Association a
Concrete Pavement Asssioccaraegd oans stolf & weafrfei caireen
cticed tool s -Iflo]jr. RAID npga vidhraeasret it[svo@ p RrCcCp r
d

esigning pavements subjected to heavy
uhpg r eas Street Paveavemdrmatr gedryr wisregl rioxed
ategy of Portland Cement Association ca
rli aid with asphalt surfaces to provide
rently avail abfloed $ROCNEt Hgst bremmetchedbstic
pavement design approach.

©
-
= 0o " o0 " 9 o< 0

0 159



RCC Materi al Properties

Il nstitute for transportation (I nTrans, | ow
report on RCC as a paving material. This r
current RCC pavement design as well as fie
RCC pavemeweffastaveosbl ution to convention
rapid opening to traffic and | esser cement
rgid pavement, additional <cost for steel b e
construction. I n case of field performance
against freeze thaw cycles and chemical at

Thleower cement and water content of RCC mi:
coef ftihcateinme 4 elstser shrinkage cracking just
According to this report, depending on payv
suf aace&k ntelsis cannhe [B .to 10

Most essenti al property of plain concrete

dependent upon PRPoxtluanedd€erRECIYL rCOMEtrletcan |
decreased up to 50% for aemn%iltoywearlesdo mil xatyuws
significant role in | aboratory and field p
concrete. There are several tedmhnibpuéds fe =il
and | aboJwstoragfter the caqinmstdaurcatiitoyn uosfi nRYC h
gage can be medsnered aac Sorcdieny tt@STMesting
ci04@®@] ] I n | abemreaetpamry,d RBRGOpllaeb densi ty can
Standard of hardened conarceéette [RLCL] maticwualal
average compressive strength of more than

that the maximum dry density of any mixtur
moi st ur e coofnttebne,t hi Mlbsest g@gtompec aeas sheealss o emb
optimum moi sture density. For determining

standsarndg a si mply s upppoornttegd olmeda rMmeu redngor otyle
Occasitohniasl lbyendi ng strengt hpt uarlesio§ MBeprtnaei dn eads

utilizing empirical relationships with den
bonding of RCC mixes are compara&timealty hig
ratio. Thus, the resultedamedubestef, raptdu
more than 650 psi [ 8] . Additionally, a f1l e:
be easily reachable with proper mixture de
constructed RCC pavementsachks$ namal obeerV edp
aggregates are densely packed. Another Kkey

0 160



modul us of elasticity that is defined as t
against an applied |l oedl edabbaat 6oy iansegemi
elastic modulus of RCC is comparable or ma

Khayat( 200td 9dle.mpt e dd uroa Iplre druacled rear etoenp(@aR @ @)d
mi xes by ensuring bettegr sasndepgtrhopmapert i
regions [15]. I n this study, the authors d
proper aggregate gradaggoeagafeserabi oobnsae
aggregate packing densarit yentTrgaeistisntgd Hayx) ail 1510
RCC mixtures to i mprove the salt scaling r
cycl eosr.atLoarby t est pawtkd mmge dd einrsditoyatod aggr eqg:
increase the perfor manrcaet oorfy RGCeGCs uplatvse nwehnitl.e
28t h day compressive strengit8hd @& i tthleat pies i
greater than the minimum strength (3500psi

Lee eROdHMiyestigated t lteo mpracpd erdt iceoncafetreolslp
the | aboratory [16]. Their study had separ
contents with fly ash as a partial repl ace
mi xes. Formiakétbke¢ hastehes twsaft keerp tc otnt ent at app
and used simil arl magtghree glaabeo rgataadrayt,i othnhse. RCC
small vibratory roller to simulate the rea
speci mens were obtpropdrtoesesThisesstudgng
use of RCC on bicycle roads and the mini mu
recommendMPh.asTha2ks study al so suggested to
binder content shoul.d Imott hbee nletstsadpthhassre 2050
RCC section was constructed by placing RCC
a vibratory roller. The author suggested t
efficient enoughd tfoi diedhedkrs war fsanmoe tfhoranbi c

LaHuci k26¢dmducted an experiment to eval ualt
from fsiiglud sampl es as awdleld aPpelcabnemat qriy ] c
grouumpmseame materials ame moTRklkeoawed chasygnnivent
study was to evaluate and make a compari so
properties of field constructed RCC specim

sampl es. For field evalfuragdm odni,f fsepreecn tmeRGC w
projects in Illinois. The mostly wused vibr
had been used in this study for compacting

that a higher specifdieadl tmpmrgrer tfy etl datdemwsst

0 179



i mpl ementi ng RGC tpsa.v eTnheen ts tpurdoyh aa | a i roec d mrme
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t ech
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ed density in the boAtomheompdrefli tabe
hesis testing at 5% | evel of signific
ample groudsfaeeestgniThecanothgrs reas
iques and density variation might act
hs. The rtehseulctorseh osvaentp Itehsatcol | ect ed for
oXxi matehbhbhpob®) ot famamhkeeb and achieved
atory compressive strengdénsiTthe @av éro
tra | ayer beneath the RCC surface | ay
rmance of RCC.

Khedl (e2028YyYi ewed the | aboratory determined

conc
comp
i mpr
pave
mai n

r

ete incorporating di[fI&enlttwadn el umce

action effort on the RCC pavement is s
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vi hgckhnhge of aggregates, the compress
hances. It also concluded that

y depends sumoen devihd eagnggseguatt @ t he i ncr
Il ncof pooabnat coir and sisal fiber i
ve a significant increase in ductili it

ction material has its own coe
he frathabnmht ehaabeapgai hethgth
The significance and influen
ameter is -emplpdedmentttdesngw
tingimaVyeademtg pemfgornt manoaea l and
tionHowaedbderuvbhbhoe depghdsesson t
a.na@ v eer taitada vel hawom adrigtye has a
nsioneftlDpat Baeedf osevheral nstu
ed for a pavement structure to

]

constr

ed by
uati on
ign pa
pred
def |

i tuen

comme
i ng |

O Y MW O O =S v o~ C

of the earliest studies (d®MO@NEiwas owadn

c
r

t afe,agugategacement rati o, and cement
statistical anal ysis found that CTESs

di fferent from each other. However, t her e
if eomp based on the water/ cement ratio an
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Hossai(n2®téddnd a r eweaetni oPnCsCh ispt rbeentgctohn carnedt eC T

with a higher flexural strength has | ower

an increasesg st abythnckeasi ngC@he strengt
percentage of transverse cracki 0496880 be
among many factors, the coarse aggregate C
CTE of any t[ylp%®] .ofHaxwewweare,t et hi s influence i
di fference between the Cdda&neoafd cteomean tw epaaks tbeo
concrete. According to the aut haosr shi gthheasCT

19. AdceUMHowever, the CTE of plain concrete
used in pavement dotds3eal/c22H.on range from

Figure 1. Variation of CTE of concrete with moisture content

@ cylig !
Shyzro

10 |~

Coefficient of thermal expansion {Ll'i""{f )

ol

i 1 ] ]
0 20 40 60 80 100

Relative humidity (%)

Anotchoempr ehensive study on CTE2@R83Fonducte
Accor di ng dboa stehde iorn rfeisedldt col | estedprcesenst o
hundr edse otfi dresltong term pavemesaltl| pevémor mar
United Sthet eggener al range of CTE ewl@/Cues of
However, concrete made from i gneod/@) atglgareg
the concrete mades BW/ECom Basnedtometshdg 1de Of or 1
on tlkememavtest sections, the authors concl
spacing signitfhec apmaslisyi biinlcirteiaesssedof transver s
faulting of rigid pavement.
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Howevéde, CTE is generally chabatctietr i cend Vvayr
depending on the moisture presence in the
maxi mum CTE of concrete can betiacéai eumddit
wherah®&Q % rel a,t hee CAEmMivail ey 9 seraltmpbasnt tqhue

maxi mum one. However, the autthhiosr tshuegrgneaslt epdr
moi st csohnodailtsioooonei dered to get actual range
t hermal expansion is an es®enhthiealmamatenmrieasls

temper at u(rig) girnada epnaavemdnmodb!| tbheofmaebkbashal c
known:

Ko % # 4 %34 (1)
Wh e,r e
0= Ther mal stress

Shin and2@hdumdguct ed a study to evaluate t he

paveme®wd. Their sensitivity analysis on a
indicated that the CTE value is highly sen
pavements. Therefore, either | ocal <calibra
meaganemd of CTE value is essential to produ

pavement€51AsydMem produced by Gilson/ Chal
determine the CTE of[ 2t6h)jd8 hi@G& Mnmiax gien yt Hiod | so
AASHTO T 3x@tdmeiciafnd i s diviThed mannhocobhcee
of CTE came from the relationship between
di fference and it camg kg ueaeadtiiomatfed by gtilde p

#4% 3 K, 1 T34 (2)
Wher e,

gda / Lo = observed strain in the spec
speci men due to varying temperature),
@' = is the measured temperature chang

negative).
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Figure 2. Strain vs temperature plot to calculate CTE [26]
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RCC Pavement Performance and | mpl e
Generally, the maintenance requarethehbd of
flexible pawnwedmeerd. fRoadue crackindgy mechani
di stress in RCC pavement that is a combina
Whil e visually examinimgprtllen grmreistuiddasls | oc a
i mpl itchaattedt he critical | ocati on tyo tihri tsiaavt e

cut joints or at the bottom afdtheassabr §e
fatigue cracking that appearad icmaRECspaVveé
not generally observed. Mostl yeRGEepade man
specific area where the placement or compa
to secure accephablef perédr M@Gcmat er i al cal
replaced with new asphalt or concemé¢mt gnat e
is their performance against surface smoot
pavements. The pavement smoothness or roug
l ong Iimted RCCspppticatut essasor idihigdgl ec om
speed. Typically, ri gid pavement smoot hnes:
| ongitudinal and transversal c¢cracking, as
during the design period. However, RCC pav
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infl uenced by the placement, construction,

showéddht t hei dbvel opdgmesi tgf pavehs, i1i mproved
pavemended achi evable [22]. However, consi de
feare fspreeldi glmads, a few additional acti on
performance [ 27]:

f Upper | imitOaf@ogbhegate size

1T Use high density paver for construct
f Construct thiO8i RCC pavement

A composite pavement structure with an ove
sl ab can also provi de rdiqmug rceamfsaurrtf.a cHo veenoe
construction of an overlay can be avoided

it can provide additi onal( 20modihtdhuncetsesd. aR efciee
evaluation of RCC pavementHetroe,be xtahnei naeu tthhoer s
five pavement trial sections of 580 m |l eng
the characteristics of RCC pavement made w
actual field conditions.|l Atleosntgs ,wistuhr ftahcee srto
properties were also studied. The result i
aggregate had better surface smoothness in
than the pavement const wewteed wihteh aLi3mmorag
that the smoothness of all the test sectio
application where traffic flows with a hig
t hat adequate compaction ¢o¢heRGGrifsactthe mbion
the pavement during its service |ife. This
RCC pavement sksdsrebishanmkawvacverget sossii
mi X tcwrudedsul t i n a | owwkbe pavemersi stmahaeeof

Virginia Department of Transportation cons/
covered aboand 1r3edb wWiOlOt fani re.x i BRG G ntgo omkes emi vt &
performance [22]. These miajtectestosedoldbbe
durability and sustaiafa&lwi Icirtay ktso wtehee mpdwsem
pavement sections tjruastf iech s ewhii-tcheho@dgst oThaéa
study observed the perfrolmygmrae ,ofandhé¢é hRCE
any distress other than a few transverse ¢
transverse cracks were observed on the poo
recommended that to achi BCE pacvemenbl prppe
of field compalcnt iaodnd iatsioconh | wigtahocgnt i nuous
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already di scussead,na®d@ paavieemennatt iivse a 0s uc
flexible pavsamenmosRCE papémenetnt ed i n
igned for heavy trucKRCtCr afsf iga.i nHonwe v drs,
rapidly cur ed ccaonn sbter uvocpteinoend mnaot etrriaaflf itch
ement s. Nevertheless, the expected use
ectiveness of RCC are generally the dec
Xxi bl e or PCC p,avceomesnttr 4 c2t9ijom Couft o RGG d mya e ¢
|l ocalarsereat,as awdlhiwags commer ci al par k
ancement of construction armd tcloenpiarcd n eas

|l ement ati ont mdt RICBprnesves fohmeerequired t
egaf26nlidated the foll owing typical appl
Military parking areas

Truck resting areas

Local streets and arterials

| nt e shotud tdee r s
Composite highwayalptavermemndrsc rwdatteh a@awserhl a
|l ntersection approaches

ure 3 shows different i mplementations o
United States.
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Figure 3. RCC application as shoulder and surface roads [31]

| 85 - Greensboro, NC

]
-

1

-

‘ ‘%‘-ﬁ

Accordirrmgpgotrd a@ubli é6Bhedbdpyi Zotannhgempr oveme
taking place for RCC pavlemerft®ldaondviorsudtyi, on
devel opment has been noticed related to th
admi x;useemdvify hwei br agmtr yt e quampecantdtheseoatl s

small er aggregates and diamond grinding to
pavement surface. This paper not only summ
projects, bot abtsetthetitgpesqui pment wused
It also provided a few case studies on som
commercial projects. The author concluded
RCC as a epraivailngonmamany projects such as | es
mai ntenance, and early access of traffics,
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Figure 4. Increased Use of RCC (sgre yards) in the US [31]
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Unt i | | ate 90s, RCC ditd omo ta sa cah iceovnes ternuocut g ho
Duringet R&@&€, had been &mgprloojyeecdt so ml ¢ eirms o f

t hous amdipaewidis was usbe0ddnli ¢ ss tLAa&ZdlfOhr om 20
Uni tSealeeperi enced a substaati abnBrsejuedtiB®CC
as interstate sanodulpdoerrts ,d ppiaimidcisaitgi deastadd e, a

9 miluvwayar dsy of RCC mater i al 7Hpardo jbeecetns p[l5a]c.e
Currently, RCC aphpabsi oatwwi dnme-wegaumment ume

rosamdsso have been constructed. A recent sur
have been paved with RCC ewaveridsgimobet wka
2021013 [31].

The first RCC paviemear iwmaductomisdlr uxrntea of I
the jurisdiction of Laf aye€elthtee pCwn ®alti dvatse d
introduced as a connectivity project, to c
roadway Thaecrid iwdrees .It dha aetei anrdefeePegqgabn&5enn L
and DenpowBeR@&thevement was cioqsnte us.t eflgclt
pavement section i s approxiwwmaaeely PR2aOes$s].

| ocati on watwldaeospg egnrhedti dacd waa y . Fowms eonhleet e
to standard concrete roadways and the othe
roadway.re@ddalSawnewéeaeanbéei ng used as dirt
construction,r elddegaetavga Deanrb oo Ban fi el d pri or
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Since these sections of roads did not exi s
traffic.

Figure 5. Location of RCC Pavements

The construction forbyt [BeipwaojContstwasstdamr iu
supervision of LCG and LTRC. The preparati
existing dirt alley padceéemtence memt dalohy.t el 9

soil cemenh BSage GI| enrntl aamed. vDBedcmalk @ tS®td ewit t h
percent cemend nbydeptbomeitbr a®@ additional
subgrade at 6 percent cement by volume. Th

compacted to achieve 9bempeirtce.nt of t he max
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All three RCC pavement | ots were construct
asphalt paving andB®RICIC Imaxeé agorgea@melndt w
same Tthhemeconcrete for the RCC pavémamnt was
approxi mately 30 minutes away from the pro

to the jobsite in dump trucks. Ten dump tr
mi xi ng and compaction of RCC pavements. Th
specified in the construction specification
than expected temperatures. Truck bed cove

during transportation.

As a trial, the first 145 ®odquamvwadwarnyds of aR
pl aced and constructed on top of soil <ceme
pat taemrdn met hod of construction using the sa
section pay item considisedosél pbhcemenRCCr
section wasAhbogkekapateptralwlas. used to pl ace t
prepared base | ayer to -pcbopelkeelii gimoonht sa
vi bratory roller was pasetdi drm afc htilreer eRCO pa\
static roller was sufficidNuatl|l eéar méenhstheg @§
used to check the moisture and density rig
using Vvibraitolh gleeen ligtegd .rbaenttdee epne r92ent of t he

density right behind the paver and increas
Finally, an admi xture &abhbkowddebr 6oomt hienish:
application of a curing membrane.

Al l IRLYer s were placed in a single |ift anct

required any cold transvecrustalj ojionitnst .weH oew ecvr
minimize or paedemtyphesamtiapgStoeawii hg.

ti me was regqawremdotibelgpapt gvent spalling d.
operati oratoiTmtes swevr e cwitdel /By hl/o3Fr danofi ntche
dept h s pfatc eideftadrit \iedplchey e mewct | on s . Nasjoint se
performed on any of those saw cut joints.
pavements & nfiLowsut si a@amacdway application.
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Figure 6. RCC pavements on Decal St., Denbo St. and Sage Glenn Ln.

(a) Roll conraHlHiegh Deéb¥i Dymp TrTucakn shhaou It aftdro

(c) Pl arR€@ent of (d)filenl d density measur

(e) Paving Operati 6h) Rompacti on

(g) Trowel | Finishh) Final surfaeadal after
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April 2019, all time IRLCCe so AW .rogs @idlv eache wée r
se |l ayer. Acdorrddandgway dehsei gonOTsDp eaiyf i cat i
confined compressive strength for treate
ment base would be 1200, 150 and 300 psi,
il cement base | ayer used in Sage Gl enn
the deptBr eé¢t 8ama . Dd®emibtoiSalrle®t tpee acteend wi
ment by Hdwal unne unf oreseen issues in the f
stabilized with 6 percent cemémto-ibly2 vol u
r drainage design purposes, @ahlanhtde | ane
bsurface drainage.

wu 7T7T " O + 0 O Cc T —
cC O ® ® O © ® S5 9 S

Me c h arEnsptiirci ¢ al Rigid Pavement Thi

Nearly, 94%sotf hitenhiet erdo aSdtwaatye s ar e pjaved with
howeviegid pavements are renowned for achi e’
[ 327he jointed plain concrete pavement (JPC

pavemenUniitne dt hSstdautadd vy cont ains a steel rei
meant to hold firmly together to reduce th
Dowel bar saraes @ dt a¢ kaddsthe joints of a pav
ri gid pavement is continuously reinforced
steel reinforcement than JRCP biudt pnaov erneegnutl
thickness design approaches can follow eit

that predict performance are based compl et
field stpheadipmeasfefnitc taand e nviorragrermmenratnd ls tli awa dlier
met haodpurely scienquifies apptr@ialcadtodragi neer e
mat estiral gt ur gandnegd@metcrsi cs. Then agai n, a
i's yetabeot taedrt aprnedi cti on bourtapdee mantcombdi hat
mechani stic and -Empgdesigal pkpowduas K®re mos

The principle of pavement design depends o
failure modes, stresses i n ztahtei opna,v enmaetnetr isatl
properties,,etdtesi Joweventeglge basics of con
of assuming a design | ife and calcul ating
pavement system can sust ai gnb ewarpieasteiaon urier
cli mate, traffic, and materi al conditions
pavement thickness design procedure was pu
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design procedure is specieimeead IShrulte uGeisd &

AASHTaOhd was based on the empirical correl a
conducted near HdAwewear,, [{¢hng innoe clad nidetsiign pi
becoming a-optohpeulaat i seanati onwisdnec & oirt ru sge sd
both results from mechanical model ing and

determine the most accurate thickness for

states are cRCApawemgntusti mMmigc k mes svedeospiegdh pr
their state-ewpsea imedhgmiosteidwr e for the rig
FIl orida Department of Transportation [ 34].

To attain a purely mechanistic design over
empl oy mechani sg it rreag g ,abdtersaisru,chora defl ect
compl ement the empiricalliyemenpawementper ©mo
mosised and ear-empsti mathanasystcs for highw
concrete was esmpl oyedanoet iPazgep[cdh]eEp) b
This thickness design met hioitdn cwoarsp doraasteedd oan

relationship between fatigue I|ife with the
rupture to premd cdnvihreon meoretf at@ r datd reeehsasnecse. T
fatigue equation was obtained by compiling
into a si@wlidg hedbd&d ipombability of failure.
, TCE pX P®PF32 (3)
Wher e,
Nf = maxi mulmoad mbepetwifti ons prior to f
SR = stress ratio

I ni ti al(lly9,d §adr tWerds{ d O @8 r-tdhmi ck pl ate theory
the critical stress [ 35]. Later, étloempt s
predictisormymetrteamad i ng charts that included
mechas«empiirccal rigid design procedure foll
the pavement responses. Wi th the advances
preferrefd rMmegihddpavement stress prediction
become the current practice.

The Portland Cement Association (PCA) al so
contained a tensile bending ysstirsesisntcoala utl hai
design procedure. This procedure al so anal
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erosion of the foundation of a pavement st
t his st hidtty dviads not consi deart utrhee oirn fniou esntcuer ec
stresses. Later, Fatdteng!l wHit g h M&BHHRWH mihkle st r at
AASHTO Joint Task &®s$ siegoad RtMvEe dbeanseelsdo pv

pavement design gui del i R3e7shlevEh ®mpdnfe@an .0 0ORCH
Gui dé&leftwomand Rehabi leistigtne dvaBav emmemtdulz ed i n
Me ¢ h a4Eimgpti irdc c al Pavement Design Guide (MEPD

met hod enhanced the prevailing prdrciedair e b
axl e spddinre@r ndrer mal variation along the
defl ection predictions, climatic influence

from test sitesanacrCanaddni (Tdhe Iteatuarei st i c

was ultimately accepted by AASHNTA &AASHAT®O s
has made available standard guidelines for
perform | ocal <calibration of the distress

design software is the RASHJgOWa0Dft Rave mefnadr
as DARVE,Nn whuttdhmat es the pavement design pr
MEPDG. American Concr ét d ARKPAe mah s oAsievei atp
named StasettPawmetbe PCA thickness design m
incorporates results from the AASHTO Road

mechanistic empirical studies, and a newly

The mechanistic empiriesabk pavemept edesigen
mechanics to find out the critical respons
t he pavement structure and uses these outp
correlations of thel pheemelatepver aditfteec de s i
spedirfaifd i ¢ datacandgdriésrenst éemnddofoaduiwv

(ESALs) that is used in AASHTO empirical d
for -csrtieee ax| emsspwadilng@gs the individual ax]|
and quad axle. Climatic responses, includi
throughout the pavement structure, are als
mo d e | t er mendc eads Itnhteegbmhtaed Cl i mate Model ( E
type that are integrated in the rigid pave
stabilized base, cement treated base, ot he
base/ sarhd aswbogirlasd.e The predicted results fr
model s act as input to the empirical distr
responses to typical pavement distresses s
crackingt,i ng,i nand asudr f ace roughness. The en
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performance were calibrated using hundreds
LTPP database. One opavtehmd-Bridtsahllhe asapectid y

wi th ea ofanmgat eri al Il nputs and their i mpact
the pavement distresses and i mprove design
pavementdeMi gn, designers can data based on

ALevel Onea $peaitbki Eoproject based on dire

Example of | evel 1 data inputs can be req
through direct | aboratory testing.

ALeveI Two: The use of correlatilenosftdedef
two input is to determine the resilient n
Bearing Ration (CBR) from empirical corre

ALevel Three: Applying the default wvalues
of roadway turckkc K ytpyepeclamsd itfri cati on t o def
weight and truck traffic distribution.

The sensitivity analysis of the design inp
for different climatic r egipave nenndt tdeasfifgrce
determine where additional effort is just:i
certain input values. The following steps

process for the rigid pavement thickness d

ABy defagpengar,aasgemméet aa tri al design for
material properties, traffic |l oading, and

ASet-tuipngi-dleisigmia for acceptable pavement

design peri oed I(eiv.eel.s, faactciegputea bclr acki ng, f a
ASeIection of reliability | evel for each o
AComputation of monthly traffic | oading an

adjustment of matoersiealt opreapértoinenenitalr €op

ADetermination of structur al responses (st
type and | oad for each month throughout t

ACaIcuIation of predicted dhessg¢gsbasefdeong.
accumul ated damage at the end of each mon
empirical performance model s;

0 329



A Assessment of the predicted performance o
the assumed tritabathsétknéedse gees onmance cC
(thicknesses or material selection) must
until the design meet established criteri

Current Practice of RCC Pavement

As di scussed tiemdrhte, ppaovwdmemitistdesi gner s ar e
pavement thickness design procedure or AAS
RCC pavement thickness pavement. These des
procedure similar tionesh.e Ho we vde rp,a vaesmetnhte gpue
field study of RCC pavement revealed that

fatigue racking compared to several other
fatigue ai ur e mecehcanivsem.i sHeroe k etelpe trhaei mp a

became t ruci ali gfna cotfo rRSC I opra viehmecnktn. e sAss da
design t ness is a function of expected
and subgrad characteristics.

u
c c
f I
stress caused by traffic | oads and subsequ
Therefore, design traffacd| ohei pgvyveRECCt ¢t
h c
h k
e

Portland Cement Association (PCA) has deve

pavemenetctseudb t o heavy truck | oading such as
applications [2]. Their design approach in
pavement structure can withstand a definit
wi t houtAsf @ihleurcea.i ti cal stresses of rigid pa
fatigue damage assoge adreal lwhedhavwenmiHaneg ss de
strategy. This kind of damage is i mportant
stressed ltyaua specific |l oad | ower than the
|l evel s can degrade materi al property with

than the f,ahiguemedamdgal so empl oys erosi on
tihckness design. Same as fatigue, total dari
bet ween tihmemlesfpercetpeedt i ti ons to the all owabl
same axle |l oad. The principle o$iemosfi on d
foundati on support and joint faulting. It

to pumping near the joints. However, as sa
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faulting or pumping as much assttlhye dreirgivde dp
from the foundation and surface thickness

RCC pavement thickness defSigmepcioneepteons

pavement as the general thickness design o
fat iagnuaeged. Her e, primarily the fatigue dama
stresses for every |l oading category. The c
sl ab subjected on the time (day orr aatiigdht )

(ratio between the critical stress and mod
number of | oading cyclies d(eNiBP)a wfeawme dea a d hat d xglu

damage associated to each axle caheaegoryg fo
mearseud from the r aotfi d o;mafd acectpwedali tnwmbser( ni )
numlodr r epetiist icoanlsc i(hNit)edmul ati ve damage cal

by fatigue, Df, is given by fthkeo&tdl taweggr
considered in the design [|ife:
$ £ Bl EE (4)

At the end of,thdesdmsognt periodal fatigue

equal to 100%. I f the sum of the damage 1is
thickness should be @&ssnumdd band etpleaat whlo luen't
damage reaches equal or |l ess ,ahaonflWwa@a®%we FoO

named-PREE has been developed that wused the
principle. WhehdCd npga vtehmesn timmadt ehsoildggm ,d i max st r
or the modulus of rupture and the assumed

maj or factors that influenced the design |
software is that the PCAefratvieglud rmod elo nwea s
fatigue tests conducted in the early 1950s
procedure of RCC pavement [38]. The foll ow
fatigue eguathansafé&, cumremPAVREILe hgwased

DEMQ PHEOZP G X XYVNQETVYY ™ v v

o TRUXX®S

v Q WCUHQSMSU YY 1@ v (0]

0°Q 0¢aQITQ WY 18 v X
Wher e,
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Nf = maxi mum | oading cycles till failu
SR= stress ratio

The most primitive thickneswashbandiugr eglr dge d
Construction Technology Laboratories (CTL)

followedsame strategy |i ke PCA rigid paveme
also required determination of all owabl e p
|l oad applications and prediction of actual
| oadi Agtrial thickness was considered as t|
pavement stress is |less thantrhtobdbadiogabhe
procedure developed in this studyfeacltsiongc an

thickness design of concrete pavements are
fatigue behavior. The CTL RCC fatigue rel a
(19®a@3% applied into the thicknessredpeosritgn p
[ 39]40 The authors conclude that RCC has mua«
concrete and taking RCC,oftahteirg urei gciudr vpea vi ennteon
procedure can be foll owed.

American Concrete PavemephedAsvocimpriovor ¢ AE
pavement thickness design procedure by inc
model . They established their fatigue mode
data of existing studies fladl]g.ueTheoyd edr ocapso sa
alternative to the fatigue design curve pu
This model | ater was incorporated in Stree
now also used for RCC pavement thickness d

DEQQ YY pRTOEW O Tdip PaqR p X (8)
Wher e,
Nf =t he all owable number of | oad repet
SR= stress ratio
P = probabiliReyiabifaitlydore = (1

The design strategy by Deldamgr iodi mg cofmpars
overlay over RCC pavement structure was al
design procedure [43]. This study only con
studies shown very |little t&G dpanvceymef notr. | Toh €
fatigue behavior of RCC has been assumed t
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equations based on different stress ratios
repetitions for fatigue damage.

Fatgue Behavior of Rigid Pave

Wohl(d8w8@3$ the first to study fatigue effec
[ 44] . Late(l88é&menbt ngeed that materi al re:
|l oading iseamef fesepohses observed against a
Pari s(1 ®fulseeld fracture mechanics theory to e
cyclic loading [46]. HoweVveop -hgdrmatlt he dev
|l oadi ng swydteemsal (it @dtviamg egdy utnelm) st andi ng o
behamivhcreasaddrastically higher | evel

During t hea spearvweixgeenttlriefpeeesti ve | oading fr om
t her mal Keaepiang otnfsati gonemt adt s osarceonstruct
conducted with apipnig ctahtaitoni so fl ecsysc Itihca n otahde
strength of the,umautadrliyb&ftliegxauer adestcres eof t e
direct tensile str epsosi nts-parn fffdblerntdt ngot apps
mo ptr ef erred epraduad er ¢ hteo f ati gue behavior o

speci mens. Il n some speci al cases where fat
test, fatigue tests can bshapedi ¢éénsubnosa
Devel opedhe apreidn wminptitekes md s Wowi el y used pro
anal ysis and fatigue |ife pKedcenrven dlotraic
plotting the number of | oad repetitions/cy
(SR on a logarithmic scale. I n this stratepg
control testing where the stress ratio is
stress applied to the maxi mum obmensi atgi st e:
TheN Sapproach, uni versally wused in concrete

rigid materials as they did not dispgleay a
curve of concrete has elfsBonbwbnl etdesezgdia
pavements. | n-N 9f7a4t,i guhee cduersviegnusSed by t he F
Association (PCA) was <createdrilmynowembi minmd
concrete samples from prewiseud ffsaSuidg e . c Hro\

devel oped in PCA method generated some unl
adjustment of the fatigue anal \Wsicsrwaesi sad
being used to predict fatigue I|Iife of conc
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Severalhaeskaermr hconducted to investigate t|

speci mens. Most of these studies only ai me
calcul ate RCC pavement fatigue damage, whe
we-ebtabliid hfeat irgge models by incorporating
conducting experiments on RCC fatigue |ife
recorded the results in this section.

Par k (et0@®lgd 1m x 1m RCC sl ab edpglediomerv ad lutad
fatigue behavior of RCC pavementld4cto-ndsi der i
0O0.-"2 RCC pavement test sections were constr.L
sl ab s,peviemahn 20 m secteisotn ss ewetrieo nc.utT hfer of na t
for the RCC sl ab speci men wa& cec¢gualtopmpaed andgd
obtained result showed better performance
t hcease of static | oadl It etsie ol RICCf &il ladhd skwcd
botwemcracks. A constwhaHditOf 2] i wae képesshra
fatigue testing as the minimum applied str
obtaine@qguatfogmedfrom the studyaiseasffoll
0. 802:

DER pPp@AOYP @ PEY (9)
Wher e, N = the all owabl e number of | oa
SR = stress ratio

Sengun( 2e0tR2 Aayle.st i gated the fatigue behavior
on beam speci mens [dit8]e. fTi hee da uctohnoprasc tri eopnl ipcr

in the | aboratory on a short scale by crea
vi bratory platescalmpavcitlorataordy stmand r ol | er
RCC mix in a pl ue eAddraapwebda cnkolod t hi s study,
not able to consider the influence of Dbase
pavement . Later, fatigue behavi or350f mme c
was eval ugtodad tb ytlitegxuverdd lo afda ng at five diff e
rati o between maxi mum and minimum | oading

(0.2) to avoid additionél gwarpiha kxialli tay.prlom c
preferred to incgorimdroatter et ReCCr dlaitd lgiulei desi
concluded that congihde r mrgvd ade galleoped i @aypi/
PCCmsmore conservative compared to the desig
This study al somictnwer as dveidt t hbadt tRe&CrC f at i gue
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brittle compared to the other mixtures. It
considering all three mixtures other than,
di fferent RCC mixes:

Y mdopprdrT § €0Q (10)
Wher e,
N = the all owable number of | oad repet
S = stress ratio

Figure 7. Preparation of RCC beam specimens.

Adamu (et0da8Blh.si dered five types of RCC mixtu
performance of RCC pavement [8]. Four out

silica as a partial repl acement of fine ag
and sbhuindpar ove t heRCQ@Qtp yywemdentf.e For fatigue
beams of 100 x 100 x 500 mm size were prep
t hiprod nt | oading. This st uMycurawse nfoare RQQC emi
comparison to determine the fatiwpwe | i fe o
cnducted at three predeter @h@&éad i giugh sdtrress
whil e appl yi ngake®)y cwa sc Kk eopatd i cnogn s(tfant to 0. 1.
used to devel-dlprehatfohbbwpnfoBEra dNoamandolSI
have the conventional definition.

0EM mMrnpoem@it e (11)
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Tayabj)ji agctd9®Kamo€Construction Technol ogy Le
devel oped the earliest fatigue curve that

di scussed eassltivddoypuf 40¢st Fpanehs were const
mi xture design. Later, a total of 20 sawed
after 70 days of test section construction
stress ratgi cyanes|l b@adipdi ooni Wolel eFor fl exur

the applied stress ratios were ranged from
strength gave better resistance to fatigue
ot hertrumes. The cyclic | oad was applied wit
frequency was maintained at 10 Hz. To prev:
10 percent of maxi mum applied | oad was mai
N mel onship presented in Figure 8 is also

Figure 8. RCC design fatigue curve developed by CTL [40]

1.0 1 T T ] T T T T
0.9 O RCC Mix A DO X —
A RCC Mix B oM
0.8 O RCC Mix C | X &
0.7k x RCC Mix D i &y % =
4 0
7
. 0.6F 4 A -
.?_ SR, % =118.31-10.73 log (N) |
e 0.5r ‘ | }\x =
" \
§ 0. ‘ \ d
2 o3fF ‘ R
0.2~ | =
0.1 g
0 1 1 1 1 [ 1 1 1
| 10 102 103 104 108 108 107

Load applications to failure, N

A comparison between the PCC fatigue model
has betnanrcepeunfder fatigue | oading than con

OkamprO6O0OB)another study performed fatigue
di mension 100 ®x¥4GPemmmens ofremzehné@®x1l
di fferent RCC mixttihreesef[feTlt. ofndtihHiferemntdy
('t mestone, dolomite, etc.) and varying be
investigated. I't was stated dhafebebhh Heé&f
prodadcneost similarpfatigueesel adat oasadnd nun

Rodeaopadbhl i shed an interim report for ACPA
RCC pavement [ 7]. For the development of t
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i ncorporated obneamM1ld aRtCaC cfoaltliegcuteed fr om t he

published fatigue data representing separa
recorded and adjusted bya abns+Hd me 6baatmosi ze
49]. Aftern,t M&Carold elr swas used to combine
single model . IRLCtCerf,attilgau eneno dFeeGPAANd t he ex
were compared, and the effect of the pavem
mo d e | | atlelroweads tnootbea t he benchmark for RCC
fatigue cracking though it complied all th
pres@antomprehensive methodology to i mprove

Sun €988y died ¢ hef i hff Yyuaslk on the RCC fat.i

on a | aboratory compacted beam specimen (1
on that, four fatigue models for RCC mixes
devel oped. The | oasdtiinngg fwaesq-8ikhn cbyeTthweereRnC 65 b &
fatigue model with zero fly ash content de
Y'Y T80 0 TSt @ wicE UQ (12)

The authors rRCCommanddd talsaht eRXCdCe I( IFAMRIC Cf) a tpio
performance and the fabDgubi gheengahuet RE
compared to PCC.

Reviewing theueressbobhn®CICi fatigue, it can b
vi ewed fatigue damage as the key failure m
ot her than the fatigue cur2v0e20gli dposddrbyuC
| aborator yenkCys psescmumh ati ng RCC field compa
consider RCC pavement construction variabi
curve did not consider @GB8hé¢é oadvastcedcytyi RC&Lt
and i s sdmaewhlat Cowmtsi dering the highavariahb
maj or | imitation of the st(dWRO)drmdAhucttene by
devel oped fatigue models were based on a |
i ncorporatetgnynréeheabevel oped model s [ 47]
specific modulus of rupture while deter min
i mitation of the reviewed studies.
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Acc

el erated Pavement

Test

ndg

(APT

The commstaofucAril padton T&49 Was the very fir
testing (APT) facility in the United States
concrete performance under heavy truck | oa
| i kee Mahr yl and TExspte rRoRmednd aBamnelst he Western A
State Highway Officials Road Test began to
real traffic conditions [51]. The core ide
t fei el d performance of the teVarisetcteonsf un
i nstrumearmrrtrsenarley being used by different st
di fferent pavement performance model s for
ims umentation strategy for this segpmomdet e
and the materi al properties against ther ma
di fferent APT facilities and thle St msg teisumen-
Table 1. Different APT facilities in the United States
Facility Measured Pavement Response Strain Gage Used
NCAT Horizontal strain, vertical strain, temperature, press CTL
pavement Test and moisture
Track
Ohio Reseh | Horizontal strain, vertical strain, temperature, press| Dynatest
Institute and moisture
Florida DOT | Horizontal strain, temperature, and pressure, mois Tokyo Sokki
PRF, LTRC | Horizontal strain, vertical strain, temperature, pressi  Tokyo Sokki
and moistue
MnRoad Horizontal strain, vertical strain, temperature, press Dynatest, Tokyo
and moisture Sokki
Kansas State | Horizontal strain, vertical strain, temperature, press Texas
and moisture Measurement
(TMK)
Cal Trans Temperature and msture -
To obtain meaningf ul results from APT, it

responses eangtaicnrsitt idciaflf ggraraa met a@red | £wcd h oans 1

temper a
accur at
during

ture [52]. However, whiéepsosme of t
ely, others require incessant adjus"
APT testing. Nevertheless, to measu
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Sever
frequ
APT systegmdmpiemds oneawor éemavement (1¢smons
under

u

f

o~ - o000 aoaQ 2
™o ® I "D ®» O

(0]

ai

- O o TS T 9 o O

® O

ading, projection made by paveureatte i[ns3]r.
al considerations are given priority
ency, noises, and weathef se®ms&amance

nor mal anddkafdr etmemg of pavement respo
re [52].

o
<

er, understanding and converting the
towards a mwhatiBogmdgliandalf #84¢t Recent |
opments in electronics, advanced fibe
tive way of collecting dynamic respon
cteristics of sensors muett tbhet tphroa balyl
nses will ®ohi gheseedopbratsieosallr capac.i
S
y

- n

tall ation sensor opegarnadt iporni omu stto bgea gve
ment must be texs8]eed for i1its function

kalef0da8al uated the initial pavement resp:
sulting from ther maAf adhdda Ineo i tsd sutr es evaatrii can
vement under actual environmental condi't
itsgahse®e, temperature viandatoehfakoergtt|
er mal expansion (CTE) of RCC were measur
e CTE ofeW@icCansg $Br8nkage strain of the
mpamedgiadements. Also, the initial stress
ab were highl y #nnfdluuceendc esdt rbeys stehse. tThheer nsatlu
commended assuming a constant valwue of C
vel opment i n tthhee sRGO® naisx ttuhree CITiIEd onfot s hc
me .
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Objective

The objectives of this research included:

A Determi ne-iindusietdu alnataed aapamMmManhutr e esponses

i nvespavgeammeent f ail ure mechani smamtiidf wttrhue
equivalent axle | oad fatigue damages for
testing;

Aconduct | aboratory beantuftattiinggu eR QG sstlsa bu ssi
anddevel op a new fatigue damageamidodel for

performance evalugtiaoomd of RCC pavements

APropose a-empd hrarciadt ipaveumeaetf alre stilgen tphioclen
ohew RCC pavements.
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Scope

To achieve the objectives, RCC pavpetmecnatl s e
Sstrpadiant es and tested under the ATLaS30 | oad
RCC sl abs due to wheel | oading and tempera
performance of test sect-mappiwgrenendkesataea
tesfainmgfinite el ement model i ng. For | abora
were saw cut from the test sections and te
strength testing protocol s. Laboratory den
reswéte used to develop a RCC fatigue model
reliability into a pavement design. Load t
pavements using a numerical modeling appro

| abor gpteariyneemx results were employed to pro
pavement design procedure for RCC pavement
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Met hodol ogy

This st udyf ctohrrseiestbeadsi ¢ anal ytical steps: p
accelerated pavemesnt seestiiomg , eEd dR&C®ap rheanti g
damage model waitn@peiamssifroms®REC test- secti
E approach into RCC pavement thickness des

Accel erated Pavement Testin

Description of APT Test Section

Si x-sfailld RCC pavement test sections were coC
construction equi pment and procedures at t
(PRF) site in Port Allen, Louisiana. Figur

t hi ckneusrsatcioonnfsi gof the six test sections. S
were placeda. wiRCIC day&r, whi len.s eReCtCi onnasn d2 aa
RCC was used for section 3 and 6. Each sec

Figure 9. RCC test sections

4~8inch RCC - -

12-inch Cement Treated
Base

10-inch Cement Treated
Subgrade

o

I  lane2
‘_ 1.21& 3;s \ Section 4,5 & 6
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Al | RCC | ayers were constrbcygedpawverpawnad

compacted by a vibratory steel drum roll er
by a conti nuousDurlionng ptuhgemiclon-sttit upodoi nhs weas
created on each RCC test s eagatnidoomltyo gminreir mit

shrinkage cracking. It should be noted tha
(Sections 2, u8e 9, hasdbépkpni compyeted in an
details on RCC mixture design and pavement
The APT experiment of thtis<sn.stRCECy sveas ifomncsu g
Section 1 and Beguren94) shown in

Strain Plate I nstrumentation

Bot-hn8 RCC pavemen$ectistnsktcamdnsgdg) (Were i n:
i nnovative strain plate for measuring the

responses of RCC pawvemnmdé®nt eak$h dleswn siectkFioq
with a thin polymeric plate positioned per

was instrumented with fiber optic gages an
with a slow cure ngl eploxws gtl huee . i rFg tgaulrl at i on
pl at e.

Figure 10. RCC Pavement Test Section and the ATLaS30 Device

Section 1

7('_ ;’4', o : el PRSP & = "’,
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Figure 11 Installation of fiber optic strain plate in RCC pavement test section

(a) Saw cutti(mg Cleaning of saw cut

(c) Install at(idgn Pouring epoxy

The plate width and thickness are 30 in. a
thickness of the RCC | ayefdf6dtheagtd opitnecgmsges
and three temperature gages at different d

with the plate to measure critical strains
shows the | ayout of the strafnveandr aesmper s
gages and three vertical strain gages 0.2

strain gages and three vertical @anhdaitmhregeag
temperature gagesanwbttbe obpt hemi gl dept hThi
measurement of vertical and transverse str
under accelerated |l oading along with the t
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Figure 12. Strain plate dimensions and sensor locations correspond to wheel load

762 mm
F— 139.7 mm —* 177.8 mm 177.8 mm - 139.7 mm —~

E e @ ® ® ®
- R _ = > ? @
T T |l ® .

The -bpbec strain gages wowkiiheg Iprgmtci pdleart i

interferometry technology. This technology
| engtrherdde fien sPieder oa Hanbtreyr f er omet er of a kn
delimited by two dielectric mirrors. With

can be related to strain and temperature m

A data acquisitibAQslyatdwane) eequiOpped swi t

used to collect the data of the 19 gages o
data was coll ectiend cd soiurdg b@Qmean s elf uialatr d at a
500 Hz collgecweomea $aegdeinct o separate fol d
test date, dwual tire |l oad, repetition, sec
After installation, several wvalidation tes
strain measur emarstusy .e dT tbhey Htirfdiemrsent sensor s
and amplitudes under similar | oading condi
APT Loading and I n Situ Measurements

A heavy vehicle | oad simulation device (AT

of RCC test opeciimems$ .i ThehASLas30 -hwahlefe l as
of a single axle antdire Heat@@apldbhfoolB@AppYy ¢r
cyli wdehsa <compubéfted | oading system, the

traffic ar e dtilwnlga tl eodh dadriegr edat eda®dian akki a t op
of 6. mph

Il n tsedtus including the falling weight def |l ¢
were conducted at different | ocations al on
unl oadeds . I n addition, an ARRB Wal ki ng Pr
centerline profilers of the finished RCC s
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I nstrumentation data and surface profiles

experiment. The 1| nmetsr dmentt &tnison ed atnal ivrea It u
|l ocati onsompini ¢ &ole $timbaeirn plates due to the \
addition, surface crack mapping and distre

repetitions.

Devel opmerftatafguRCModel and Laborat

Experi ment al Desi gn

The main objective of the | aboratory exper
fatigue tesctutonRAO bseiatnu ssaammp | es and devel op
with the comsitdercat oon amfd pavement structu
pavement fatigue performance. Thiisn sgiutdy a
flexural strength due to the varying field

Figure 13 shows the odemsalgih Itadkadr dtadr peexp
study to develop an RCC fatigue model

Figure 13. Work flow for RCC fatigue model development
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Sampl e Preparation

As shown in Figure 9, six RCC pavkRREnNsi tes.
According to current Louisiana practice, t
unconfined compr essitvree assterde(nbyatBh) (WU Q) ac etnhei
12mmand a 300 -cpesmé¢ UCeSs es owilt h a t Hidcrk.n esesmerft
treated subhgradcdemehhetiI@ated subgrade cont

4 percent, or just enough to provide a dri
ss ronger base.-, Qv amde 8RICCh paeteimemes wer e con
as shown in Ftcegmeet ldasdhiessoohsi dered to
treated base and is recommended to be used
Louisiandhewlemeatbase i1 s froarvwodsmume arbd aed way
application.

Figure 14. RCC pavement structure

4 ~ 8 inch RCC 4 ~ 8 inch RCC
e e L e =iy
8.5-inch Soil Cement Base 12-inch Cement Treated
Base

10-inch Cement Treated
Subgrade

(a) Strong (b) Weak

A tot al of 68 beams (34 from both strong a
RCC test sectionsaaova tthhidc k mes sa.n dAt6 fiinr.s ts,ure
used to cut and extract the beams from fie
a | aboratory wet FispunSgheajh ibreee ns ucsvwerd itro f urt
coltleedc beamsul ar aisr.2ext adn(gil . x nind iXnErE )

to satisfy the specimen size requirements
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Figure 15. (a) RCC beams collection using core cutter (b) Field RC8Beams (c) Resizing of beams
according to standard using a wet saw (d) Prepared beam specimens for testing

S s

—_—
(c) (d)
After trimming and resi zingaidlued ntgo srmengtl et |
standarnd ofhidckness, it was$ndgisdaadedsf wam
beams -ifmomtdst section qualiinf.i esde cftoiro ntsh ewerr
mostly preferred as it was easy to satisfy
point | oading testing.

Density and Specific Gravity Testing

As the pavement structur e betneesattihn g hsee cRRCGCo r
di fferent, It was anticipated that the spe
di ssimilarities in density due to uheque c
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| aboratory testing, the density of each be
specific gravity of each of the specimen w
of ASTM X6(4Rardened concr-le(laamidalANSHIOadd

there is no standard developed for RCC mat
specific gravity of a material i1 s defined
vol ume of the material, excludi nghtt hef marss

equal volume of distilled water. The bul k
bul k specific gravity of each sample with

Figure 16. Density and specific gravity testing of RCC specimen

Accordi ngt hios AtS&@dMt i s wuseful to match the
concrete and to show variations from pl ace
specific gravity can be calculated from th

Bulske ci fii t€Y'Qy bfadv 6 (13)

Buldkn sl t"yyw'Y'O

Wher e,

= mass of the oven dry specimen in ai
= mass of the saturated surface dry s
= mass of specimen in water at 25 N1A

jw= densit gfeRfpdvigt.er, p
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FIl exur al and Fatigue Testing

After measuring the defnlsexwyr alf starcdn gtoh | tees
speci mens were dhyondawvuted |lmaai sgr sgstem ac
C78/ 78M standard [61] . UuASITMstIC7i8nngiBM afefa nej
maxi mum resistance to bendiengstlimc bdtthaviwo

concrete, calculated stress in the tensile
bendi ng moment during a sstfanedxaurrda |t essttr emmegtthh
of rupture. This materi al property can be
of concrete from an empirical relationship
the following for mul a,r twheesr ea rteh ek ndoiwme n sainodn
is collected from Material Testing System
Q 00 0Qc (14)

Wher e,

f = flexural strength (modulus of rupt

P = the wultimate | oad, | b.

L = the spiam | ength, 12

b = the awviertahgee swiedctihmeon at the fractu

d = the awvertahgee sddemctifment t autr et
Generally, to specify the |imits of the st
beginning of third point | oading testing,
to be determined. I n t hinss ghlac e mea st dtraolm @
section) were subjected to Material Testin
fl exural strengths$heDuonadgshbekxdr bk Beptltie

continuously and withoappangdshochkh. cdhet ha
breaking point. Acco,tdhiend oadi niger AFEMshtadh
constantly to increase the maximum stress

MPa/ min (125 and 175 psioamiinn)g urnattiel craunp tbuer
using the foll owing equation:

i "YO'Q 10 (15)
Wher e,
r |l oading rate, l b/ mi n,
S rate of increase in maximum stress
b = average width of the specimen as o
d average depth of etshe ngpedinmemnas o
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L = span |l ength, in.

't shoultdhinsotset utdhyatappl i ed a constant | oadi
stress of 150 psi/min for all the test spe
test results.

I n the sulkbseffpehhrpdhaadi ngi geséi hg, showat a
field RCC beams (22 from each section) wer
considered for fatigue testing were 0.9, 0

the sa&atesek.(@NJI550,. 65) were initially applied
the field RCC beams. Since the fatigue
carefully chosen as the termination condi't
ailure of sample; (b) Il oading cycle reach
cycl eswas assumed the stress ratio is the
fl exural strength. To ,achpeceée me ntnensktkedds nftoory
most four days without any interruption.
control and a sine wave | oad was applied a

Figure 17. (a) Cracked specimen due to flexure (b) Cyclic loading at WIS (c) Failure of a specimen
under cyclic loading (d) Obtained cycles to failure at SR = 0.9

(a) (b)
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(c) (d)

One of the critical i mput apfudr obeamsfodtuit @u
which just only dreepreqtdls ofn ttthe WHdamugarmplsd.
flexural strength test results, it was obs

samples varied significantly along with th
strength valuenfoff abeoldet @erenmc alt e wel s f or

unreasonable. The absolute end | evels are
during a fatigue | oading cycle. Since it i
fl exur al arnad effaftoirgtuse ,weerxet t aken to extract
|l ocati on along with the pavement test sect
sample, the average fl exur al strength of t
absol utel gefd ahedv albs o2 wle ermesleewadlsol ute en
defined as the maxi mum and mini mum | oad th
cyclic |l oading:

0 0&0QaWAXDL Qi WD (o0

0 Y'Y O 6 & 0 "Qai (ot "Qapxe

0.0 Q8 YZ0dO® (18)

Wher e, P (ultimate ) = the ultimate (n
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f _aver ahe average flexural strength of

fmax = maximum |l oad in a cycle, 1|b.
fmin= minimum | oad in a cycl e, | b.

SR = stress ratio

R= ratio between maximum and mini mum s

(fmax/ f min)

Previous studiread i ohqvwe d btelt awte etnh @ he maxi murm
in a fatigue cycl e was s @&ld yt htea kiennf |iune ntche
ratio i s comparatively | ess wie ntdiyihe w~at iue
was takemdaseOthet o mpact | oad during fatig

Applicath oMmpporfoad h i nto RCC Pavement

Due to the current RO®Eiidnygp icrkineaslsl ydelsa ggend ,met
proposed aemeicrhicma IvtaisMed desomgnR@PCopgavdement
thickness design. Fi gtEr éb als& dp rdeessé rgtns f tr manepn
RCC pavement thickness design.
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Figure 18 Proposed RCC Pavement thickness design framework

Select Trial Design
*  Layer thickness & material
. propartiss
- v Jommt & Should
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dramatically influence design thickness as
|l oading. Anctomei diemaonin oanti n the proposed p
temper at uraem,d meciastonrad variation of materi a
moi sture variations across the depth of pa
def or mati ons tthhrag panvdmnmemtceper for mance signi
deformation caused by each of these factor

The mechanistic portion, which consists of
wi || be basedt oamndalh¥siosgitei eakemenhresses and
used to develop design tables and charts b
and empirical pavement performance and res
The mpi r i ctaali npso rdtiifd ne rcefnd t ,ic gpemmgpoosni eont sa nldi k e

e
smoot hnes The fatigue analysis simply ev
empirical fatigue mogweill,| bbaes erde coonmntehned eAdP Ta s

I

0

n

(7))

mo d e for the desi gn,apnrdo caendoutrhemoodfe hiRGW | pcaavbee
proposed to estimate the percent fatigue <c
potential for a concrete pavement to fail

and/ or joint faulting, Aann deornossmibdekdwbhl cbe
proposed to consider theTkheomodel rei bl edvap
wor k done by t hea pfauvnecniei notn soyfp trceom thaetr B elae f | e c
sl-Abundati omonoaorteetref ansocedul us nisftricab assli @bty &
thi clam@sanodul us of Csnbgpadal fgachai bhinner

shorter deflection basin thdamumimhhocklkee pa
subbase faster. Finally, thel lwtkernbéeipnap:
based on the fatigue cracking, initial | RI
RCC pavement over the entire design period
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Di scudsiRersul ts

The results presented for discussion were
measurements, including the fatigue testin
surface crack mapping, and forensic trench
fatigue performance of RCC paveenmenttos twheer e
devel opment of fatigue equations for RCC p

Results from Accel erated Pavem
The accelerated | oading test started on Se
Section 3, Section 2, addr Skitgwme 19) .n Badl
was | oaded by an increment al | oading seque
2 provides a Hiisrte dfo addi fnfaegrne nttu ddeusa lwi t h t he
repetitions appliedwiomhedicht RELCsasecth Dar ae (
testing. Note that, for Sections 1 and 4,
thickness (i.e., 8 in.), only I mi t ed
a test sectionewdsaidaensiwheme d 0t% olfauw he
devel oped visible cracks (e.g., longitudin
fta/ft

Table 2. APT loading passes and test sectiorislresses

Half Axle Load

RCC Pavement Test Sections

(kips) Section 1| Section 2| Section 3| Section 4 | Section 5| Section 6
9 178500 | 108,000 73,000 178,500 112,000 78,500
16 278500 | 265,000 73,000 178,500 404,000 | 392,500
20 270500 | 108,000 50,000 228,500 398,000 78,500
22 108,000 78,90 108,000 78,500
25 106,000 78,500 487,000 78,500
27.5 241,850
Total Passes | 727,500 695,000 196,000 742,500 | 1,750,850 706,500
Estimated 9.9 194 2.7 16.2 87.4 19.2
ESALs (x16)
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Fatigue 10.6 53.5 46.8 20.4 40.9 41.0
cracking (%)

Slab Settlemat <0.1 0.3 0.15 <0.1 0.15 0.2
(in.)

@RI (in./mi.) 32.7 219.8 94.2 51.3 75.6 108.9

I n this study, the predicted ESAdxineambead

factor ( EALWFR) trwel tcioplrieesdoondi ng number
ATLaS30 axl e | odidf.f elrtheen tE AATFLsa S300r ax | e
on the BASHGOd pavement equations as

log( EALF) = 4.62log(18+1) - 4.62log(L, +L,) +3.28log L, +% - % (1)
X 18

o _ ~ 5.20
G =loght2" P b, =100+ 38AL* L)*

¢4.5-15+ (D+D)*™L;
Wher e,
Lxi s the | oadnitn akilpsgn di ffer
lLoi s the axle code, 1 for single axl e,
ppi s the terminal serviceability, which

as faandur es;
Dis the sl abhebBickness in in

RCC PavemerStecteason Per for mance

At the end of the APT experiment, four
continuously | oaded and found to have

of
| oads
follo

2

f o
ndi

SecC’

reac

as evidenced by the extensicwee rowngfhaaees scrsdo
Wer e

Fi gurTehel Fiwwa SRECIi ons 1 and 4, however,

to a conceext oédmelowsidmy ti me.
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Figure 19. RCC pavement condition at the end of testing

The dreaecek opment under different | oad repet
in this study for all RCC pavement test se
sectamwbh,test was performed and tRe abtackca
d fferenmnadsettaeetrimomsed. Based on the backcal cl
t hati cignactki ally devel oped at the area of | o
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the cracking devel opment under did.f eDetnai Il
i nformation riergigeveil mgp meme «raafcilbbrea  wubh d1 2 n
[ 27] .
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Figure 20. Crack mapping of RCC test sections
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As the induced wheadl rlecddiom@al!| Wasjompnitlhiee d els
faulting was not anticipated. However, pum
joints and cracks, which resulted in sl ab
observed distressesmoirnt etnh e eRBQA tsse cotni arhse, fpa
pavement sections were evaluated.

Figure 21. (a) Observed pumping (b) Observed slab settlement

The -mostem trench observation showed that 1
path are mopstklryagbotatsons hown i n Figwhad2?2. L
voids underneath the RCC | ayer caused by t
pumpi ng, Figurea2l ¢®dd .t dhiTsheev gpioaskt esmre t t | e my
results al soalrlew etarl ®@nds wéragze imriadki ng occurr
propagate along the sl ab.

Figure 22. Cracking mechanism

(a) Bottom up(k)y a¥kiidhsc) Cracked Saw cut
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l nstrumentati on Measurement Resul ts

Bothihdaded nduced

and temperature i
the APT experi ment . Before collecti
installation was verified to check
werer fpor med on both the RCC pavement
pavement structures before and after
change in average deflection at the
plate installation at the installati
change observed at the center defl

pavement Sstructur e.

paveme
ng the
the uni
test
retro
center
on | oc
ection i

Table 3. FWD deflection under the Iaad plate before and after plate installation

Before plate installation

After plate installation

%difference

Average DO (mils)

Average DO (mils)

Sectionl

2.72

2.83

3.89%

Section4

291

3.01

3.32%

Strain responses were aadstsodirfefteredrtd luoadr m:
Figure 23 shows the strain basin at the bo
at di fferentsAl paBadt A@)ncsan sheatdsewenn from t he f
the fiber optic palhermisndidr notr emgtskee@inyg wa
structures and behaved as an integral part
al so confirm that the strain basin pattern
positioned on ei teh.erSasmed er eosfp atnhsee ss twearien oph s
transverse sensors and under different | oa
bonding of the epoxy with the RCC | ayer wa
the applied | oadtse tiondiheateinng reorsttirrmuint yp | af
|l ayer.

Figure 23. Strain basin at the bottom of RCC layer under FWD loads

HWD Plate HWD Plate on HWD Plate
0.3m apart Top of Sensor 0.3m apart

- -l R s [ i N 4 Lunding Direction,

RCC Layer

td Fiber Oplic
Plate

e

Station A Station B Station C
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Strain (microstrain)

Section-2 Section-1

Station A

Strain (microstrain)

Sensor Position Sensor Position

Station B Station C Station A Station B Station C
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st
ut

fferent | oad magnitudes (9, 16, 20,

rain basins under di fferent | oad
put amat tbeorntnom fbRREEL st afyean bnder

nal dual thfe gulregadifrog. tAe dhawmrs vien

C
he
el

ec
me
i n

ompression was observed at the wu
bending behavi osresofaltshoe RCIC d aatye
axation time between the first t
overy. That was because of the i
nt sectiodi waeteohheAwbekeér t majpnas]
responses shows -dihme¢ctihenawol pa&

al waVbki $ diest @tdee tpoa vtelmee nfta chta dt haa ts |

bo
t
S i
es
st

und aenndt dsuleo pteo, tAMTd afsa8BWermydr aul i c
he same | oad | evel i n both direc
gni ficant in most of the cases a
, thekavewagesnsfi dehedt wor ppg ana
rain responses can be referred t

0 660



Figure 24.Typical strain responses under ATLaS30 dual tire load at the bottom and top sensors

ke
T

The strain datea pdmltiee onmtaesd ewitthlrertosegiaveve (
(tension).i dsrehd®dwnfomn tthe transversal str:
was observed at the top and tension at the
the RCC Isaypydrserivtedwd hat the critical compr
| ayer oBeot3r gdniatdl e of dwual tire |l oading)

tensile strain occurred aSectthieonmi 4d| &i mif | &
str aiims bwmsre observed under dynamic | oadi ngq

T3 TT4 TT5

Figure 25. Strain basin at top and bottom of RCC layer under ATLaS30 dual tire loading
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't was al s & othisenm vl de X thiali tasi nl ecsosm$ar rti et d rct aol
4 for the same | oading and weather conditdi
Section 1 was supposed toSebei anwdaklere $ecti
weaker base support resulttomg. ilHowe\gdre,r Wa&s
field core samples, it w&sctlipwast ebduiilnt tthhei
than the designed t hi &kenteisosn [12 7hfa s Tlheasts etxepr
comparSsedtitean 4. The FWD shefBWP pleéalecal oo
t h&tcti on 1 had |l ess cent &ctsiuord ac.e defl ect

Furthermore, the pavement responsssverwender
investigated at the top and ba%f30mdoal tthir
| oadi ng, Figure 26.

Figure 26. Pavement strain responses under different ATLaS30 load magnitude

Top Transverse Strain (Section 1) Top Transverse Strain (Section 4)
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For both, static and dynamic | oading, the
showed an imcwietalhs itnhge sitmcariease of the | oad
strain with the increase of the RCC | ayer
bottom of the RCC | ayers showed an increas
as wetlécmasafaing strain with the increase of
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pavement responses were observed to be | ow
bottom of both pavement s.

Temperature Induced Pavement Responses

't i s very idmpocuahi ngostoess and moi sture
thickness design, because curling stress m
when combined with only very -temenaoambkerngf
condition, cosnprreessssadasvearcaurilnduwced at the toc
stresses occur at thetibmd towr,!| iomg vi cred ivteir a1
gradient in concrete slabs also results in

rel atedlstordsaggely depend on the coleyficie
and seasonaroitstmpreg avwardiegtfHmarc t empeb ait utr e ¢
that exists -gtnr dshse tsilmd. afto zgewaont i fy the te
|l oal temperature gradients need to fboer studi
RCC pavement espe-enpilrliycdlorderseicchm npgrsadecd ur e

Temperature readings along the depth of RC
and t heurte mpreafaitl e -leixrhe &ri itteyd dfhet meont emper a
al ong Fheursd ab7. The daily temperature grac
ranged bet weehAG@18AC to

Figure 27. Temperature profile alongthe depth of RCC slab
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Themef fi thieernskaplahsi on (CTE) of RCC test sect
recorded strain responses without any kind

property, recorded dat a ftroomelasctult etil® nse dte
sigruoperty and investigated the variations
shows the typical static strain change 1in
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moi sture fluctuat isoencst ifoonrs baontdh tthhee sR Co(p et eosf
identified as the RCC thermal expansion co

Figure 28. Static Strain response withtemperature variation in a 24hour cycle (a) Section 4 Top
Transverse (b) Section 4 Bottom Trangerse (c) Section 1 Top Transverse (d) Section 1 Bottom
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According to theF gturraei Mc8r rsshippdvensiers gt fHiyemtmh s e ¢
sitthuer mal expansion coefficientUdlCaltwe sl 2f. &r3
AVC o(WF t AJVF)5 Bowever, Section 4 illustr a
AVWC to UbC)OdoMpared t W0Set o VB BYMEBiqrdpl .i %3xs O
strain response in this section against th

the figures also got higher goodness of fi
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t hermal expansion coefficient between Sect

construction variability or the etgb restr
support and was more exposed to the moistu
and temperature was validated by a finite

measure rtedePdnseuldy was compared widh a mo
properties.

Laboratory Testing Results of

Variation of RCC Beam Flexural Strength

As stated earliecutabtamabampl 24 Wweebkbdtsaw
strength using third point | o&diurmd Saetmbpprp
samples (12 each) were collected from both
compaction variability. After the density
were conducted, a clear di sttirnocntg osne chteit ome ev

observed.arbdl s or @ nu Il t-dnaey wiotnhp rtehses i2v8 st r engt
obtained from the field cose. sAampl ks matr émi
compositoowat amdt i ansepmact o c e ptohtels osnel cyt idoi nfsf e
was t heedwelntsiing frr om tc owgpsa citntoenn deefdf otra .c adnf
fl exural strengthwefsetgna ftiwoa nsdmplda fdgreawems
obj ect itveei,-t e@ad tothkwas conductgedl (cansadeeiafy t

groups) to examine the following hypothesi
ANull hyppthMeas ¢H the flexural strength
flexural strength of weak section;

A Al ternativae) :hyNWearhesfi st {ed rfol negk udrbhel & hsotnr e n g
of the flexural strength of weak section.

The -ttaMosédti stics ntédaxeulntul dhdhwepodtthleates can
signifilcamfcel%elvesedvahuehefobtabaeéd(p0. 01)
there ifscihnhent sevidence to conclude that th

sections is equal. Therefore, it is eviden
have a cruci al Il mpact to the flexur al stre
sme for both test sections. However, ot her
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construction,etno.i)stmay a«losnda emave an i mpact
resul t showsbltéhed results of two tedy. sectio

Table 4. Results of censity andflexural strength testing

Measured Parameters Strong Section Weak Section
Density (pcf) Average 152.1 149.6
Range (maxmin) 150.2153.4 145.6151.1
Flexural Average 1020 870
Strength (psi) Range (maxmin) 8501240 7101075

Whil et @adhte ¢stabli shed that density variati ¢
strength, it was essential to develop a |i
bet ween the denstih yutainldi Zil regx utrfad Isalr etngst
positive relationship ba&ase82%n. tHer gootdme s |
l' inearly positive relationship shows that

strengt hsead soThincrreal ati on was generated u:
were tested for flexural strength. One sam
failure was due to a premature crack out si

Figure 29. Relationship between flexural strength and measured laboratory density
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contleemipe that, as stated in the experiment a
tesabs@l ut e em)d dred)edveé Ple (cPal cul ated based
flexural strength of the adjacent beams. S
of-NSrel ationship subjected to the varied d

Beam Fatigue Resul ts

As descr idotedodonl addiye, M4 beam fatigue tests

testing factori al and bealmidlad i 59.ueFstemtt lre
showmbilre 5, it cams ddtbreowds emrateido tihradr eased
beams can withstand 2 million fiaticcamne beycl

concluded that t he oétfaadtniegdud adn dywrea rsd a elnigr
coll ected RCC beams was 65%-®©5] the static

Table 5. Fatigue Testing Results

Section Stress Ratio| No. of Samples Total loading Cycles
Strong Section 0.55 2 +2 million
0.60 2 +2 million
0.65 2 +2 million
0.70 6 985330, 102205, 301194, 423386,
308012, 256836
0.80 5 2023, 5937, 2560, 5741,10801
0.90 5 531, 563, 666, 784,1983
Weak Section 0.55 2 + 2 million
0.60 2 + 2 million
0.65 2 + 2 million
0.70 6 37608,523285, 80832, 106424, 555551
594785
0.80 5 1781, 7472, 6524, 7086, 2020
0.90 5 298, 376, 594, 712, 1229

As the previ outsh es efcltei xounrt dn$et visebanlgendg ¢ bt odn i s
significantly different thanpéhkowmaansadd,
hypot hesis test t ot lsdéte ok gi fsetche ofnatiisgwe glnii
the weaKheeetf ooe:ttesitl evda st perf or med for eac
considering unequal variexmame nef thwo fodmmplwe
at 5% | evel of significance:
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ANul | hyppt hBleas ¢H t he fat-Mgae biféehef fat
life of wWeak section

AAIternativel) ‘hyMeoa mesfi st {eH f at-Mgaé bhee of
fatigue | ife of weak section > 0.

Theveglue obtained from the , Ayggo0®h228i ot esti
of O0.,a’nd,®s8Pecti vely. -vAdllu etsh eweorbet agi rneecadt epr t |
significance | ewsli s(Q@Q.eGi)s.o0fThtehefloyeqgt h he
rejected. I n other words, there is not suf
section produces better fatigue I|ife than

Devel opment of RCC Fatigue Model

Devel opmEnCemheNSapproach was wutilized to i
performance of RCEN bceuarnv es afnoprl easn.y TrhiegiSd mat
relationship between the applied stress ra
fatigue & aspacienj@d Tthded e gNi artd loant ifoomrs iSi p i s
expressed in the following form:
0EMQ 0 0627YY (20)

Wher e,

SR = stress ratio

Nf = number of cycles to failure

A, B = regression coefficients

Il nit rNalrleyl,atS on was examined for the beam s
section and thenasa dewnallopgead i gtuiel icairivg avl |
Near l-tyhit wbs of the prepared beams (32 speci

to develop the fatigue curve. The remainin
fatigue strengthmein tahe 2RGC I i ®enhdcypées. F
il lTustiNarelaheo88 for the samples collected
section respectively. The results for thes
Figure 30 (Nc)versAldhawreaeestSrong rel ationshi g
|l oading cycles to failure. From the combin
fatigue model devel oped for this study can
Log Nf =71145..449939* SR (21)
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Figure 30. S-N relationship from the lab fatigue test for: (a) Strong section (b) Weak section (c)
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Rel i abil iNt CudiTfhet featS gue test resaudlet ¢ hahown

the fatigue | ife data are generally scatte
stress ratio. This iIs caused by the wuncert
including the variation of etdh & hbaea na ndye ndseisti
curves related to material strength are al
Probabilistic reliability theory is an eff
result. The American Socied peoifallePtrbhgcati
A provides three statistical analysis mode
di stribution model, | ognor mal di stribution
Wei bull distribution model mbstgeméetabl g mo
describing the fatigue | ife 6di]s.t rlinb uthiiosn sa
Wei bull distribution model I SN ucsuerdv ei.n A hse
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Wei bull distributipboyapgpbyacheWddglyand dBra
The Wé&i bcwlmul ative distribution2function (C

Ow p @ rvon mmQ n (22)
Wher e
a2and k are the scale and shape factors

The foll owi neggt weeelna triednsahbiipg ity and probabil
i f we sYWb®tickuQeandopabil i tPyr & ffxdihleur e
cumul ative distribution function (CDF):

0 p Y (23)
Based on the ref erarrea do uWe ifbauilllu raep pprrooabcahb,i | i t

beams were constructed and pres@mttehce i n Fi
number (Mlyacrleespl otted against t hel g oshcaalid.i t

The obtaineteshape)omaWeitlkwl | di stribution f
0.8 and 0.9 were (0.376and56B25..4,) ;9({7198 8@¢
respectively. As expected, the predicted n
probabilityeadedail ure inc

Figure 31. (a) Failure probability curves (b) The developed N curves at different reliabilities

100%
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. 09 . - —F:etigue Curve
o 80% \ with R=95%
5 70% &g 085 N
= 7 . Lab developed
= 0, ~ P
& 60% e 03 fatigue curve
S 50% = v
z & 0.75 ~
= 40% 2 ’
2 30% i SR 0.7 ‘5'__" 0.7
= @
E 20% —e—3SR 038 0.65
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(a) (b)
For pavement design purposes, the typical

to 50%)2(72Bi gur es 3tlh e( bc)o nsphaorw son of the deve
curves using raw | aboratory data @Gnd at 95
di stribution. Since the devel opedf anglded e i s
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this model satafsftileiss tsteudyp jercd iwewsl d be st
for RCC pavement design.

Evaluation of the Developed RCC Fatigue Mo

Figure 32 shows the plots of stress ratio
fatigue model devgl wpetd thetbusrentud®t akehn
and models developed from existi mdfdstswndi es
I n this figure, the typiaal gBercuane GCeamend
Dar@® ezeariontm nanc es oc ocnocneppatr eids wailt h t he devel
[ 35] . Thoughf dtaibg Wdee acslsrovpeesd aroe h a vhee t50e% r e |
devel oped curve is plotted baapsperdo aocnh .5 0A% rseh

the figure, theuaewveldwpewi IRICCgdmenal | y sugoc
for a given condition, and number of | oad
used for PCC and RCC fatigue | ife predicti
compl ementy dc drydactsedidon RCC fracture prope
better fracture property that can | ead to
al so suggests that a higher stress ratio c
repeti tsiiognmns, iinnddeating more optimized thic
pavements in roadway applications. Figure
the developed model, the RCC(188B8¢uBemoudel

et (202da®rm conservative in predicting RCC
[ 4B0] .
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Figure 32. Comparison of developed RCC fatigue curves with other curves at 50% reliability
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To further evaluate theCabpbaticaéi modgl poft he
test results (4) werdittidl if agd gtue preedioc tma

study, six pavement test sections were | oa
i ncrement al | oadi ng dseaq e rece itsi Iclr ack% daf Fto
anal ysis, fatigue damage was calcul ated fo
the | oaded area cracked corresponds to cum
50% reliabil ity wrmasgec ocnaslicduel raetdi ofno ra st hper edva o

t hat fatigue moded uled tusae d5Q0 %-f peleida Ipielr it thye ma
[ 69]

Table 6 shows the prediction of cumul ati ve
model s for $actednBCCeseesetl under accel erat
damage pr edsiicttei ocnr,i ttihceali nstressaes udede wedief
predicted uemagt a( FEnhi medel devel oped wusi n
ABAQUS and wvgehr iffiieeldd tihnrsotur ument ati on result
stresses were then used to determine the s
the field strength resul tpss,i amdaweérla e if Iwea

consi der ed fsotrr otnhge sweecatki oannsd r especti vely. A
results, the developed fatigue model at 50
very well whereas all ot her fatigue model

at hi glhevells,adal | the other fatigue model s
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|l oad repetitions. However, in the APT stud
withstand heaxiiegr slicmgdse wxlteo | &G di ng for a
pas2&d€$ .[ The higher predic-t.RCC ofvecurediBatbias
also justifiable based on the APT field pe
cracked severely and 60% of the | oaded are
Table 6. Fatigue performance of RCC estsection under accelerated bading
Cumulative Fatigue Damage
RCC Test Sections Developed ACPA ACPA RCC| Sengun et.al
RCC fatigue| StreetPave| fatigue RCC fatigue
model Fatigue model model
model
6-in RCC over soil cement 1.03 5.37 15.08 3.42
base (Section 5)
6-in. RCC over CTB base 1.39 8.67 6.77 16.18
(Section 2)
4-in RCC over soil cement 1.10 6.82 5.22 13.33
base (Section 6)
4-in. RCC over CTB base 1.01 6.07 3.66 14.31
(Section 3)
Based poemrr ftoremance prediction results, it ca
model developed in this study can provide
t hi ckgesasfsat itghuee failure criterion. To furt
t he dedseflotpi gue model i nto RCC pavement des:¢
was added into the Pavement Designer/ Stree
comparison of design thickness results for

| omméddspecresmdeategodbrieslte

der ed

Four different
maj or arteri al were consi
made hien desi gns, Table 7.

0
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Table 7. Input parameters for RCC pavement @sign

Design life 20 years
Traffic growth rate 2%
Directional distribution 50%
Design lane distribution 100%
Percent Slab Cracked at the end of design 15%
life
Edge Support With shoulder
Composite subgrade, k 300 pci
RCC modulus of elasticity 4000 ksi
RCC Poi s®onds 0.15
RCC flexural strength 700 psi

ffere
observe
mo d e |

agr eeme

Decrease in required pavement
thickness, %

33 shows the required percent decre
el oped fatigue model compared to PC

nt traffic | oadvemect radaes Wogn!l &hicolkip:
d that, by replacing thefa¢evegueped
an |l essen the minimum thickness r1eq
ss reducelt8i% rwarsa mdisrege nferdade e® gdi a&f eer
ing a good structur al capacity of t
nt with the APT test results, where
alternative for |l ow to medium volum

Figure 33. Comparison of RCC pavement thickness design
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Pavement Designer/ StreetPave also consider
design based on the PCA method. This crite
tdh pavement caused by defl ections resul ting
joints (pumping). This paper mainly focuse
pavement, and the erosion damage was not ¢
Mor eaveer , RCC erosion damage needs to be fur
since i mproved base conditions can reduce

Numer i cal Si m | Agploinc atnidom of RCC |
Thickness Design

Finite EI emmgenandJoAdxellei Load Equi valency Fact

The meiasustedaain results from this study wer
model for RCC pavements. Using the FE pred
model , an artificiabunhkburab nepwdfli €éaANNMa
equivalency factor of different RCC paveme
|l oading conditions.

Devel opment of FiAiftieniEtle melnd méviotd e(I FE) mo d e
section to Iinvekstbghaei 6theostRGCtpavements

l oading. Jsn miHhHhiag medodenet ri c and t her mal pr o
used. For demed dBAQYS tdo fst Ww&r e was util i zec
researchers hawerHneeael sbawnbéhatuseful tool

stresses under different (20ddByrgtcgmadiedi o m
behavior of asphalt pavement for different
they consideredtunhe pavamentscotel asti c mat e
employed finite element-emmpproaah poeHductdo

joint spalling distress in concrete paveme
structur es,alrleys eaadrocphteerds ausmue shi ng techni que
concentrated in the | oading area.

I n this study, the FE model wAscélet ateodns
Loadi ng AEdxedtiitoyng. The model contaichs t wo
| ane. Each sl ab is 20 ft. |l ong and the wid
were divided by ecquutaljloyi nstpsa.c eTdh et woi rseaw r i nt
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ix12.anmd | ocated in the middldetafi |telde gsloane.

of the joints, which is 1/4 in. in width a
applied in this model: (1) the bottom of t
of the model i's appbobneidgthwovinh i molFli gurleo 3dda

Figure 34. (a) Detailed ggometry of FE model with tire print (b) Sawcut joint in FE model (c) Mesh
of FE model (d) Boundary conditions of FE model

(c) (d)

Durshqulfaduronl,ayers wer e amstigmetdo float tSem:t i
|l ayer, soil cement,aha@ysmubgcadent Tthree antae¢ ¢ r b .
each | ayer of the adopted FE simulation ar
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Table 8. Material properties for FE simulation

Coefficient of thermal
Layer Materials Elastic Modulus (ksi) Poi ssonbd expansion
(eU0/ AC)
RCC 4000 0.15
Soil cement layer 300 0.25 9.5 ¢gU/
Cement treated layer 150 0.25
Subgrade 11 0.3
The FE model developed in this study was a
properties wer e ¢ o0Rcsaildceurl eadt uboanse @ homwnt heé Ipa
sections. For the tempercad/Grwaseféecsi dar ed

Section 1 tonmmsédgmpowsed. theitially, the FE
were compared with KENSLABfsomt whgéar eh85ca
result from the analysis matkhweasv aee, |t lbe t AV
FE model hasin tpr eadivsaind m gvei tdh amodr en oenl | ei nmeenat r s
t her mal hleo asschidmdg.e Tshape i tclaen PDter ess9 Inud rat e1c
was al so obsdersvseacddi nattme i hi &élidgure 35.

Figure 35. Comparison of FE model with KenPave based on stress at the top of the pavement

0 & = ——— -2
an @ [ 1@ 150 200 250 ] 350

—s— KenlPave

a0 \/ Abagus

In.
[ =) =)

Y Coordinates on the path (inch)

Two analysis steps wer e uil mdllibndde df jitrisett hset d&E
temperature measured from the field was ap
bottom surfacesod tdeulRCC tsheabsl|l &b was cur |
t hermal gradient.
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Latiem t he s e dtoierde slt @gpdwiwahs tahpepel mpeeds &1 mge and
strain distribution obtained from the prev
are used to calculate the strain response
strain atestploenstessp and bottom RCC | ayer on t
tire |l oad |l evels were predicted and plotte
t  AePT study.

Figure 36. Measured vs predicted strain response undeaiccelerated loading in Section 1 (a) Bottom
Transverse Strain (b) Top Transverse Strain

Simain

¥ Coariilisia Iy i e il (il

(a)

4

Siralm

Y Cesrdinates an the palh (lech)

(b)

From Fi,gune cath btehe bBETrsiedultdataiton resul ts
the measured bottom transverncalresponrsyes . se
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|l ocated under the tire | oading area. The s
measured top transverse responsesomwith som
sensors arei hochebkdwj] tbaes urueRdf ascter,a itnh ev ameu e s
of fluctuations under acoceledrf ®atced IThha&dishg g
in the measured versus predicted strain ba
behavior of the RCCrlageriostahkbatetpory TUhe
al so showedethsatcl ear difference between t
responske pf droazds ng i f the ther mal propertie

ANN model Prfeodri cAtEISHT O f i r stthe nltaad ueguwi val en
(LEF) for both flexible and rigid pavement
gui deSi h6e]the LEFs were developed based o
obtained over fifty years ago,armamy dtondjiea
applicable for the current pavement struct
studies tried to develop equivalency facto
using theempthanabt pavemet |7d3eOt gerpestondip

estimated the | oad equivalency factors bas
pavement management data. Without knowing
the developed | oad equival eacyetffwact lrpgawmame
performance evaluation, and not suitable t

Once thewhkEalmod®#i ed against the APT field
further used to investigate theicknesgsab, s
RCC moduli, base thicknesses, base modul i,
on the FE preditche dalclrawadlclad rsd petsisteisons t
calcul ated for each case usoadgl af remetnt é yAT
study [ 27].

Il n order to obtain the LEF of wvarious | oad
model , an artificial neur al net wor k was bu
repetitions t o-hfidtliaggeeea moAdN\eENl uwet hAlOwoaeur on
| ayer was dedihgnecd piun Matyleabhas 8 par amet e
set as output (Table 9).

0 8590



Table 9. Matrix of input and output for ANN training

Input Output

RCC modulus (ksi)
RCC thickness (in.)
Base modulus (ksi)
Base thickness (in.) numbers of cycles to failure

Subgrade modulus (ksi)
Axle load (kips)

RCC flexural strength (psi)
Percentage of reliability (%)

The all ewabhliensepo fatigue failure for a g
the repetitions tokifppidiurgl & raoxm ea Isa ad d(ah al
ATLaS30 dwual tire | oading) wusing equation

0 0"@M 6 QRO PO Hoa Q (24)

A set of 1,548 samples obtained from numer
ANN. The -Mavegnhedg algorithm was adopted t
70%, ,dbd 15% of atphpe ideadt a nwetrraaidn itreg,t i magl i da
procedur es.

With the trained ANN model, the influence
RCC/ base madhul RLCr antoidau!l us were investigate
calcul ated an-i8s.ainl. &Re&LrCe oty elraBe 5by trained
multiple | oad | evels from 14 to 50 kips. T
of subgrade modulus and RCC thickness, the
for axle | oads3fFvedh85RKECpsmof@dbEiI gsr and modu
bet ween RCE@seELE2andebe tali andiiamt estcit atsesd .i
both E1/E2 and RCC modul us wil lt hadul t 1 n
model i's capableytogssmulat er ahesendgiati ons
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Figure 37. Influence of model parameters on LEF
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LEF forDAAILal@aBdBased on the ANN prediction,
alonwith the AASHdwW Edgn o aditerecedPwdveed i n Tabl e
RCC sections. From the LEF calcul ations, I
andkkps) does significant! ykinpsr es idnagraeg ea xtlhe
Previous APT st@ddweasl utnidree IADdDd BB AAISHIIOC ath e
4t h Hoeawerover predict the damage for heavie

Table 10. Load equivalency factor for ATLaS dual tire load

(Lk?s; LEZ;:Z?“ LEF (AASHTO) LEF (4™ Power)
9 1 1 1
8-in. RCC over 8.5in. Soil 16 6.653 10.100 9.988
Cement Base 20 16.329 25.651 24.386
25 50.634 68.157 59.537
9 1 1 1
8-in. RCC over 12in. 16 7.61 10.100 9.988
Cement Treated Base 20 19.51 25.651 24.386
25 56.08 68.157 59.537
In general, the LEF i swiutshu allowe rhisgthreurc tfuorra lp
because heavy axle |l oads are more destruct

be seen from the table,Sddtei dmthigdghkeebatkdn
resul Secflirom spite of having the same RCC
because of havi ng Swee &k e npa8erectds,o ppprod it c aotni n ¢
more damage will occur under similar | oad
performance observed in the field. The pro
determining the LEF for different pavement
Powleaw cannot account the effect of thickn:

S nce RCC pavement is suitable to be used a
trafficking pavement s, overl ooking the inf
guanti fication can provide an I nacaureate a
evaluation of the damage from heavy axl e |
RCC pavement | ayer or early failure of the
expenditures. The outcome of thishsetudyewi
pavement | ife of RCC pavements subjected t
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Proposed RCC-EPaveesmegmt PM ocedur e

The gener al obj eemp ivri-Ed | paal vieencema n idsetsiiogn  pr
provide the highway#dpenacama tnye twh a-Bh baa sseeda t cer
principles for the design and analysis of

mechanistic portion refers to the applicat
which | eads to a datspadbdratednaljttbabdbretwv
(strains, stresses, deflections, etc.) as

empirical part is indicated by defined rel
response par-ameeérevedadndlihdiiseénseans t hat the d
procedure calcul ates pavement responses (s
those responses to compute incremental dam
relates the cumul ati mea damage stsesobserved

Due to the absence dafesd gfnulplry ckeadwalegpdadc eM c

pavement thickness design is solely empir.:i
concrete pavement (JPCP) design peocedur e
PMED [74]. Obviously, a diEr detsi gse pofocteldealr-

RCC pavement design is neitherbodti ttahbel ani xo
design and construction practice bédtw2en R
RCC pavements do not consider any %€teel do
based RCC pavement thickness design proced

The propodesdi y/in procedure for RCC pavement

mecha®mpirical framework as those of JPCP
PMED and thus adaptabl eEidesi ghepdeseduar &s
iterative approach by the designer. The de:
anal yaesitdie in detail to determine i f 1t me
The performance measures include fatigue ¢
I f the trial design does not sat ivsefly, tthhee p
design should be modified and reanal yzed u
designs that meet the applicable perfor man

then considered feasible fmamaadstcraumctbwer dIlu
considered for ot her eval uati ons.
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The propopademMent design procedure for RCC
five major steps:

1. Establish target performance criteria f
pavemeatgiavemnhreliability |l evel to obt ai
the whole ;design period

2. Select a trial desdgni hgr abl spéaei.f,equstr
materials properties, subgrademaptreopert. i

conditions
3. Mechanistic evalwuation of the inputs of
critical stress, and deflection) for ea

conditio

>

using finite el ement model

4. Cal cul ate accumuleadtiecd deamagld samdesses UsS
funct(i.ens f at i gaure, cfrawlktiinngg deuroisng desi

5. Compare the projected performance of th
at the given reliabifluincyiloemadél chasasd o
performance fails to satisfy the target
perform the whole procedure by revising
satisfy the establishedtchroidt)eria (i .e.,

Gener al De.Diegmn dhiexppiefcg ed pavement design | i
AConstruction & T3 &fIfdcct iOpge ntimegg dMomsthr uct i

i mportant because it is related to the ea
resunlitgfiesys o esemper atures and wider crack
opening month is also a sensitive input b
which traffic is applied to the pavement.

ATraafrriacffic data iIs one e&fd tfloe Kdy ddatad yes
design of pavement structures. For exampl
of fatigue damage accumul ati ohi oknsebabs,
Ot her f acttroafsf isau clho aadksi n g, s wa eaenhdg stpraacfifnigc,
di stribset gonf hsoma tp aevfefmeetnbtutsd,e st gaf fi ¢ dat
be carefully investigated for the RCC payv
singl e, t aanndde ny,u atdr iadxelne wni g |wibteh cootnhse rd etrrea
suclavaes age daiflfyct (phOKT§Nt truck, operati
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adjustment factor, traffic growth,, hourly
and traffic wandering neaevdeneonthbedecsangsni.der

Cli @aEthevi ronmental conditions have a signi
rigid pavement s. Facterat sumehafasepmecdept
tawater table affect pavememd mnoedstswrbleg rcaacre
tuthese factotswedioadtkcprafyiegt capacity

and pavement performance. Alll bédeckryi eédawn
the EIeCM wi ||l be used to yield the necess
traper amouirset ure di-stredstiempezarodoer, annue

number of wethadwagygadl|lfeebazeve humidity val
design analysis.

Pavementd 8t RC€Ct paeement structur,e laud d c
| ayer of different types, sublbasebedomp&c
Defining a trial design for RCC pavements
and material properties for eachgiomi vi du
the input | evel, a different amount of in
initial thickness selection and design in
|l evel s are achieved. The geometfithdi mens
slab also play an important role in the p
Materi ald Benepeali psoperties such as | ayer
elasticity, flexural strength,,amai sons r a
t hermal cohdhbetuveéedyf oi Ithe RCC pavement
mi x related properties such cement conten
albsbe used to-scdalecswsl a@teemptelreatzueareoq ul t i mat
relative huwmindilt w.arTihaet isoena of t he materi al
i mportant factep wntdltbe EI GMKMed to esti ma
based on changing moisture and temperatur
Structur al Rés ppmresectskoallel r esponse model i ng
structure and the interpr etE tdeosnisg narper occoendsu
These model s are essenti al to perform the
cal cul ating cridndadi ssplraecsesme rstt rian na pav e me
traffic and environment al | oadt mgy.erT hed ansa d

structure to calculate responses that are
damages as a momnhdédl gJedbhgnfspoivewdng factors
considered during the anal ysi s:
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APavements Stalucgiuze, shoul dey type, sl ab b
ALoad cond Axgluer ;att yi poen
ALoad dlevdlerent | oad magni ande based on a»

ATempergartau:&imleteffects of mean monthly tem
per manent curly/ warrpg,atamd mamswralrhpei red fexpgrn
temperature difference

Because thousands of respons-basadepaegméent

pr edn cnio doe | i's usually developed using the
can compute accurately and instantly the <c
trained results. For simplicity, a suite o
(19P75], based ons coquisedlesptavemeapt, can |
alternative to compute the critical stress
Performance I ndicators aMdr ®i speecisi Calldy ci

design, the AASHTOOe ®M&Dset of transfer funi
that are used to predict various JPCP perf

JPCP performance indicators are: (1) mean
(LTE),oa(d3)rel ated transverse slab cracking,
pavement smoothness and (5) joint spalling
Based on the field performance and | aborat
f owiwmg performance indicators are recommen
desi gn:

a. Load related fatigue cracking
b. Cracking related erosion and faulting
c. Smoot hness and | RI

(a) Load relbhaea®éd ¢f actaisgeirse that produsessigni

must be evaluated separately in the fatigu
expressions for fatigue damage accumul ati o
fatigue cracking is as foll ows:
"0 0 QM M "QBE . @AM & 70 Q@G R (25)
Wher e,
n_(é&., Jaspkpl i ed number of | oad repetitiol
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N (¥, )adki owamber of | oad repetitions a

i = pavement mgeth; k = axle type; | =

di fference; n = traffic path
The applied number of | oad appkKiodat  oams i s
l evel I that pag9qgersddrhreaghh domddftiicompa(age,
temperature). The all owable number of | oad
which fatigue failure is expeot sdvhdredriag i @
bet ween applied stress and RCCrfelpestunalonst
computed and the design traffic is known,

calcul ated by summing damage from each dam

Fatigue damage of 1.0 did not necessarily
Thus,ata omelbet ween various fatigue damage |
the field has been developed. Utilizing AP
function for RCC fatigue damage was establ
Hee, the cracking model form is MEmilar to
pavement deshaogweweairi,dedatnhesl;ongi tudinal and
considered in this model [ 37]. The utility
me ¢ htained &l | y cal cul ated fatigue damage into
OYO pfp pp 00 pdHo (26)

Wher e,

CRK= Percent area cracking

FD= Faamagge d

To better illustrate, the prfaepaseadgareasckiom
curve; sShaoawr 38 Fa). Here fooessr OO0 % datat gye e
cracki ngWhen 4t6heé& %damage i s ,vlee yRCGGhad ur flac e .
not expect to show any visual cracking. Ho
val ue (Jjv.ie.i,bl> .alt)i gue ctraa ckrionvg. nFaiyg ubree e3x8p
the efficitetnhnaogaof crlaeknoag model by measur e
Here, the measured and predicted cracked a
goodness of fit value (R2 = 89%).
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Figure 38. (a) Cracking model (b) Accuracy of the model
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0.001 0.01 0.1 1 10 0.00 500 10.00 1500 20.00 25.00

Fatigue Damage Measured Cracked Area (%)

Percent Area Cracked (%)

(a) (b)

(b) Cracking r el atletd iesr oismpoonr taanndt ftaou | ctao nnsgi o
RCC pavement design as it |l eads to | oss of
potential faulting at the saw cut joints.

water, rate of water movement beneath the

|l ayers, magnitude and number of dt@ad repet
consider all t hesiestfialclt orrtsto dreeyahiakha el & era,l | B (
met h o daveennde-Bpt b1t h have empirical based proc
potentialt haddresceseiesnt he aforementioned f a
design method, the effect of |l oss of suppo
consi der el odthoe accosumtn r el ated damages.

To consider the effect of | oss of support |
erosi on windlter drhev®CdL wl ab will be deter mi
mo d e | devel oped by PCA. Il n this case, the

power or rate of work by which any axle 1| o
sl ab f ouenrdfaatcieo n[ 7i6n]t.

0 CogicI® & o ¢ X
DEQV Q@B CTOX XX 6p20 w 8 0¢06 xEAIpzD w
0Q 608 aQa Qo QAOxEAl 6pzd w
6p p TQemnmeufQvcande TWIPRED D& WMOTQE DY ( 28)
Ol £ 1 "Op &3 8¢t O Q (29)
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Wher e,
N e= All owable number of repetitions
P= Rate of work or Power

The faulting potenti al at dt hes i sgwaacut njcoiem
approach developed by ACPA. The fEauwitlilng em
evaluated and calibration parameters wil/|

"ONO0 A01 € (VOR®DZ WX L YXMWN T 2 0'YW TP WINXBITYTC WP

OVYT® T T ¢ Y8t p @ X2dDd ® Q¢ (30)
Wher e,
Fauldan Mt ransverse undowel ed joint fau
Er osieornc=en® erosi on damage
PR=nrAu al pregipitation (in
JS8Transverse joint spacing (ft.)
Draeiln(w/ edge dba{(wsésp edgeqgdahbi he) .

(c) Smoot honfkrs se mmidr il Rd | Il R model for RCC ¢
devel oped based on the I imited APT test re
evaluated to be used in the RCQipawe memtl o
pavemeBtr i Mgi d pavement guideline uses crack
predict | RI. H.a we wears, niornt tphoissitliedy o i ncor
than fatigue cracking. Aselaopad pmwemdéntvieh ¢
M-E national <calibrated model for smoothnes

smoot hness for RCC pavement design when al
32.

| RI mo d e | dde voenl olpienti tbheads eAPT cracking dat a:
YOO0OD 18206 YU op

OY'000 6pz6 YU 6¢2"Y0 6 0 802708 YO "¥12°Y0 (32)

Wher e,

| RI = the predicted | RI, in/ mil e
| R O =avemenal | RI , I n/ mil e
SPALL= Spalling

SF= Site factor
CcC1l, c2, C3, Cdf=f icail e lbtr at i on co
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Failure Criteria and Design Reliability

I n the next step, the total damage for eac
predicted at 1t hperinad.of Ad dcer-Hitelseg gd ios tprae £3ne r
prediction can be made in an incremental a
divided into separated-Et dmsigeari adst hleneana
per,patdement dirsdadiecstsed awmms ibreg pi ndi vi dual di ¢
model s.

The outputs oE dései gavementhd predicted di
pavement design | ife. Therefore, initially
all owed bwytt hehcetagpaelceggevel DO bel dabi hedybwnet
Similarly, to per fBOrdmesaingnRAOO pagat e meewta tM v e
performance criteria of the major distress
per fortmaencwehol e thickness desigEndpsogass wi
performance criteria are closely related t
in Table 11 can be recommended for RCC pav
pavement-efaceat icostsmeduumornot ameowoadways,

criterion for faulting and initial |l RI ar e
| omedi um vol ume roadways [77]. Other critei
observatitoundsy .o fRetlhiasbis ity | evel-medinume con
roadways, however, basdd soesn tthhee | peavved mecnatn fb

Table 11. Design performance criteria or RCC M-E design

Performance Criteria Limit

Percent Fatigue Cracked Area (%) 40%
Erosion Damage (%) < 100%

Faulting, in 0.25

Terminal IRI (in/mile) 300

A |l arge amount of wuncertainty and variabil

as wel |l as in the apmpmewc@al ohoadi ngafAideai
the individual pavement distress model can
design. Reliability also can be incorporat
pavement desi gn,tlhidhfaev.e Gveeern tsheev eyreadr sstr at eg
rel i anbiclointcyr eit e pawvemenetBtdeéiei gabil nty shift
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function curves, which relate the accumul a
predicted pavement, peof oR@®&@npavemeweyerel.
on functional classification can be sel ect

Table 12. Reliability for different roadway facilities [37]

Functional Classification Reliability Level
Urban Rural
Interstate 95% 95%
Principal Arterials 90% 85%
Collectors 80% 75%
Local 75% 70%
| f the predicted performance at a reliabil

criteria at the end of the desiegdn umdriilod,he
predicted performance satisfies the criter

Design ExaBpBasédr RMC Pavement Thickness D

A ® based RCC pavement thickness delslign is
the fundamenanakmebBhd&lpitgenracornp. The foll owin
procedure wil/ be considered to predict th
thickness design.

ASstep 1: Proaemes eirsput p
A step

A step

2 Dectuetr mionentsaswaci ng
3
AStep 4 : |Doestseronii nsesupport along sl ab edge
5
6
7

dDeetteerrinoi rneetuitorf ndfhheasw TBENd j oi nt

AStep sDx ert uecr t mui rnael responses under traffi

AStep dDeemtaegremifnoer each design i ncrement
AStep pDaevteemmemmitn ep e r f o rdreasnicen alti ftehe end o
This design example sets the following per
for RCC thickness design procedure at 50%
achieve RCC surface smoothness .t eirmitiadl | IRR

prediction.
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APercent fatigue cracked area (%) = 40%
AErosion damage (%) < 100%

A Mean transverse joint faulting, in. = 0.2
ATerminal milRé) (imn3 @0 i n

The pavement in the design carri etsr afnf AOT
i nputs, the calculations for structural re
concept developed by PCA dewagnc @moicckarue k. ¢

curraeevmemeBtt Maf f i c i

nput .

To ,tckidéad ulgaitee moldee |

devel oped in this study &GtappPoaehi wasl cog
Ot her design inputs are shown bel ow.
Table 13. Design inputs for the example problem.
Inputs
_ Design Period 20 years
Design Input

Road Category

Low-Volume Road

Material Properties Input

RCC Modulus of Elasticity 4000 Kksi
RCC Poi sson 0.15
RCC Flexural Strength 650 psi

Subgrade Modulus 300 pci

Environmental Input

Coefficient of Thermal
Expansion of RCC

4.2*10M6 /°F

deltaT 0°F
ADT 10000
%Truck 10%
Traffic Input Traffic Growth Rate 2%
Directional Distribution 50%
Design Lane Distribution 100%
Width 13 ft.
Crack Spacing 15 ft
Pavement Structure Input -
Shoulder Tied
RCC Trail Thickness 5in.
Accondg to the equivalent stress prediction
wheel and environment al | oadi mqad were cal c
di stributions. THhet rcaifrfrieaatdsoppehocetelrmat mwra Mhe an
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The riendtieat e faivleene-Bft st pyar e were utilized t
spectra detavisoamdnbbdboi afver aatei @m e<cu h t a
temper atyetec gr Alide ejnd¢i nt spacing was deter mi
menti ohed &amptd used as a design input. Afte
during the paevewmeenet psreerdviicctee dl iaft t hien.t ri al
RCC t hjtchken epsasvedieret t fgaif ldwltteirn t het dasi §n46r
in. of RCC thickness. The fatigusgshaonwin er os
in Figure 39 below. More details of the f a
found in Appendi x B.

Figure 39. Damage accumulation of RCC paement

Fatigue Damage Erosion Damage
100 e 30
EE 80 E” 40
E‘ﬁﬂ g 30
=
= 40 & 20
a =
@ 20 £ 10
= v
2 0 £ 0
S0 5 10 15 20 25 M 0 5 10 15 20 25
Pavement Age (years) Pavement Age (vears)

Based on t he,tdhaemapgaev eammeanity spiesr f or mance was p
pavement design | ife based on $heThpeopeseld!
can be shown in Figure 40 bel ow.
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Figure 40. Designexample distress charts
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It can be seen from the figures above, al |

the recommended threshol d ewlahleu ed e snidg nc actriintge

0 1000



However, pavement desiignnv oilsv eas cnoammpyl euxn cperrotca

variabilities, amdc&kppxodxi maaidomgsl meay vye
mat eri alys, vearci.abBvleint €£mpugh cméclbamicepitse prc
rati onal and realisticn,mea hcoadnos iosgtye Mfto ra mpd vf
to consider these uncertainties and variat
designed for a desired | evel of reliabilit
a reliability compbnenmntR@C| pabemeetr ydesiegn
applicable performance criteria at the sel
functional standpoints.
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Concl usi ons

With a proper mix design, iampd osvuerdf gpcaev i thegx t
t ecithquesssurRG& ed pavement i s steadily becom
transportation agencjaensd -shsoivaneeaonoaemdesi gn
alternative for roadways experiencing | arg
t his st wdyma ntchees -paefa Ifei R CfCu lplavement secti ons
under an APT experiment and a | aibmraittouy f
RCC beam sampl es. Finally, based on the ob

predictiofEbreed!l RCC paMement thickness des
proposed.

The following specific observations and co

APPer for mance

AAll six RCC teshgsebtrieenRCCi séabi nm§ lckadie s
exhitlrd outstanding | oad carrying capacit)
Four sections (Section 2, 3, 5 and 6) wer

ilure evidenced by more than 40®Wcef t he

acksveHpwtme tREL &ections (Section 1 ar
e

f
c
failur due to a colncareg nl wddiprog stiibrheg rexg u

v = o

Al situ distress survey results indicated
pavement srerRE€@ref dciefde pfaovement s include t
di fferential settl ement at | oi Aoy tceerm cr ac
trench results further revealed that the
bottom of anaRCy xltala wepeaker foundation s
sl ab. I't was al so observed t hatfattheutehi ck
cracgkatntger n under dual tire |l oading compa

© >

ADue to the diff etr ecnccres tirnu cRtCiCo mp,a veeamewme nt i o
sensors were found not suitable for RCC p

concrete sensors are prone to easily get
compaction of RCC skrahsonThédefiobdreromptaind,
easy to retrofit in RCC pavements and wer

di stribution of the RCC sl ab under di ffer
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AThe fiber optic strain resul-tsdweee used

pavement strain respiomseROCsdlralbaut-umaesr odi
tire | oad magnitudes of ATLaS30. The inst

the same | oad magnitude the dynamic RCC p
smald edcompared to those under static | oad
dynamic compressive strains near the top
the middle of a dual tire print; whereas,
associ atkdt wpmpatvbement cracking) were obs
beneath the center of individual tires.

To quantify temperature related stresses
expansion (CTE) of RCC test sections were
traper atndrueced strain responses. The measur
sl abs were varieCf wimh9addat o yl1alad &emg
ranged béC waeBed®. +1 8

Laboratory Fatigue Model Devel

The develope@di faNj gaeviddeh this study i s
research study to investigate the fatigue
compacted with high density asphalt paver

The devel oped modeyl weal sl fwiutnhd tahger eAePdT veexrp
This can be attrcbhbut ® Ct betaime uBedi tn the
fatigue tests of this study.

}X A postirteinvdeed, strong | inear correlation w
strengebdsanddmdensi-¢ yt ar@G@ gb ¢ &am@s s aiwndi cat
situ compaction can result in a greater f
RCC pavement fatigue | ife

The current practice of RCC pavetehs thic
devel oped about 30 years ago or produced
|l ncorporating the devel oped fatigue model
the required RCC thickness can be | ess th
desi gnngauipmredvii ded by ACPA and PCA.
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M-E RCC Pavement Thi ckness Des

AThe pro-podesdi yin procedure investigates se

the RCC pavement thickness design. The f a
sensitive totwviebucienclpssmdaiily the perc
trucks, and mor e ammonduearl a taevtleyy uasgeé(ASMIBITiTV e t O
It has been also found to be highly sensi
di fference,ecmaffexpensi oh a&ahd thermal <co

Base support condition plays an i mportant
during construction and also for RCC pave
hel ps reducing pumpimd jodi it mesedswlrioiumgd ic
prediction. Results from the APT study al
available RCC thicknkessoneisdgmn pheclkeadsees
condition for faulti-B gd emeatteghmotdi aclo.n sTihdee rpsr o
support condition in the design consider a
the design engineers to choose the right

Since RCC pavement showed dwetadvdyand diang per
overl ooking thectoad(kfHE) vahdntctlgefinfluen
structure in damage quantification can pr
service |ife. The fatigue based LEF obtai
acurately predicting the true pavement |
trafficking.

The propobadetM RCC pavement design proced
foll owing the current Pavement ME desighn
pavemen)t desiCPn. The major modification |
indicator propbspavémentant RICGkaMeisgguelesi gn

cracking, % towt alh =l dbellanedeareéd@ped tran:c
fiPercent sl aves odusdkkdd randVPEP design. 't m
fundament al concepts as close as possi bl e

design. ThussE tdesigmopooecdMre can be dir
the PavEmeéeaesi ¢In soft wardesfigm.RCC pavement
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Recommendati ons

has -tma nmwyewdilluense orfoaldomays current |
ntly | arge oadeuwntt rafc kised vy marsd ad \e
nd agriculturatkaogiviheepavB®ment
ed significant pavement distresse
tly address. According to the fin.
teheadyvewf @ospe ¢ th pd @ weamea mtnsap The d
ue RAko dbeals eadn & htihcek nMss design proce
rectly empl dywad cierd m@raraal licartt eedr ro sa fo n
di stressessantilapedd pmimamateitd mg IRIC

However, due to the | imited dat
d in theEsftatdiygueé h&n&dscioltemtdids tMr ¢
wi || be warranted tmorme RQC'thiex
nd in situ pavement performance b
ed RCC pavement applications nat.
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Acronyms, Abbreviations,

Ter m Description
AASHTO Ameri can Associ ataindinaogps8t
Of ficials
ACI American Concrete Institut
ACPA American Concrete Pavement
ADT Average Daily Traffic
ADTT Average Daily Truck Traffi
AEA Air Entraining Agent
ANN Arti fi di aNletNwourka
APT Accel erated Pavement Test.:
ASTM American Society for Test.i
CBR California Bearing Ration
CDOT Col orado Department of Tr a
CRCP Continuously Reinforced Co
CTB Cemelrteat ed Base
CTE Coefficient of Ther mal Exp
CTL Construction Technology La
DOTD Department of Transportat:.
EALF Equi val ent Axl e Load Factor
EI CM Enhanced I ntegrated Cli mat
ESALS Equi val ent o8idngl e Axl e L
FARCC FI wywhA Rol |l er Compacted Conc
FHWA Feder al Hi ghway Admini str a
F WD Falling Weight Defl ectomet
| CT l'11Tinois Center for Transp
Il nTr ans I nstitute for Transportat:i
| RI I nternati onal Roughness I n
J DMD Joint Deflection Measur eme
J MF Job Mi x Formul a
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Ter m
JPCP
LEF
LG G
LTPP
LTRC
LVDT
M-E
MNnDOT
MPEDG
MR

Mr

MT S
NCHRP
NJDOT
PCA
PCC
RCC
SR
TDR

T MK
Uucs
Uucs
USACE

Description

Jointed Plain Concrete Pave
Load Equivalency Factor

Lafayette Consolidated Gov
LorTer m Pavement Perfor manc

Louisiana Transportation R

u
Linear Variabl e Different.
Mecha-BEmpalical

Mi nnesorttameDetpaof Tr ansporte
Me c h a+Eimptiirc c al Pavement De
Modul us of Rupture
Resilient Modul us

Material Testing System
Nati onal Cooperatirvwgridimghw

New Jersey Department of T
Portl and Cement Associatio
Portl and Cement Concrete
Rol Cempac€otrerdr et e

Stress Ratio

Ti me Domain Refl ectometer
Teas Measur ements
Unconfined Compressive Str
Unconfined Compressive Str

United States Army Cops of
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Figure Al. Dynamic bottom strain response at Xkip loading (Section 4)
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Figure A2. Dynamic bottom strain response at 1&ip loading (section 4)
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Figure A3. Dynamic bottom strain response at 2€kip loading (section 4)
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Figure A4. Dynamic bottom strain response at 25ip loading (section 4)
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Figure A5. Dynamic top strain response at &kip loading (section 4)
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Figure A6. Dynamic top strain response at 1&ip loading (section 4)
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Figure A7. Dynamic top strain response at 2€ip loading (section 4)
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Figure A8. Dynamic top strain response at 25kip loading (section 4)
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Figure A9. Static bottom strain response at &kip loading (section 4)
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Figure A10. Static bottom strain response at 1&ip loading (section 4)
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Figure Al11l. Static bottom strain response at 2¢kip loading (section 4)
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Figure A12. Static bottom strain response at 25ip loading (section 4)
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Figure A13. Static top strain response at Xkip loading (section 4)
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Figure Al4. Static top strain response at 1&ip loading (section 4)
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Figure A15. Static top strain response at 24ip loading (section 4)
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Figure A16. Static top strain response at 2&ip loading (section 4)
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Figure A17. Dynamic bottom strain response at &kip loading (section 1)
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Figure A18. Dynamic bottom strain response at 1&ip loading (section 1)
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Figure A19. Dynamic bottom strain response at 2¢ip loading (secton 1)
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Figure A20. Dynamic bottom strain response at 25ip loading (section 1)
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Figure A21. Dynamic top strain response at kip loading (section 1)
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Figure A22. Dynamic top strain response at 14&ip loading (section 1)
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Figure A23. Dynamic top strain response at 24kip loading (section 1)
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Figure A24. Dynamic top strain response at 25ip loading (section 1)
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Figure A25. Static bottom strain response at &kip loading (section 1)
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Figure A26. Static bottom strain response a16-kip loading (section 1)

Sensor: BVS5 Sensor: BTS
70 65
250
. 260
240 955
930
920 950
=10 245
200
250 240
157E+13 157E+13 157E+13 157E+13 157E+13 1576413 1576413 157E+13
Sensor: BV4 Sensor: BT4
1050 ==h]
1070
1050 =0
1050 &70
1040
1030 &850
1020 o
1010
1000 540
157E+13 1.57E+13 1.57E+13 1.57E+13 1.57E+13 157E+13 157E+13 1.57E+13
Sensor: BV3 Sensor: BT3
1262 722
1360 721
720
1358 Ti%
1358 718
1354 717
1352 716
715
150 714
e 713
1345 712
157E+13 157E+13 157E+13 157E+13 1.57E+13 157E+13 157E+13 157E+13
Sensor: BT2 Sensor: BT1
1220 1238
1210 1835
. 1934
1933
1150
1332
1180 13
1170 1230
1160 1929
157E+13 157E+13 157E+13 157E+13 157E+13 167E+13 157E+13 157E+13

0 1400



550

930
920
910
500
290
220

Figure A27. Static bottom strain response at 2¢kip loading (section 1)
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Figure A28. Static bottom strain response at 25ip loading (section 1)
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Figure A29. Static top strain response at Xkip loading (section J
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Figure A30. Static top strain response at 1&ip loading (section 1)
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Figure A31. Static top strain response at 24ip loading (section 1)
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Figure A32. Static top strain response at 2&ip loading (section 1)
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Appendi x B

Anal ytpsaf-e6Blsed RCC Thickness Des

To determine the appropr-amdrer grecamm RCC t h
performed using various input combinations
criterion i s mdtemalthe fpalolcoewdiumge snyeed t o be
pavement performance during the RCC thickn

ASta[Prodenspsut parameters

AStQﬂDetersna’rwuet joint spacing
ASte:;DeSerInmisnse of support along sl ab edge
ASte:;De4ersrmirruecal responses under traffic a
ASte:;DeSerdnairmaege for each design increment

ASte:;De@erpnaivneement performance at the end o

Step 1: Process |Input Parameters

AProcess materials properties dat a

0 Determination of RCC modulus of el astic
i ncretmemaughout the design period based

0 Determination of RCC relative humidity

0 Determination of RCC drying shrinkage f
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Figure B1. Change inPCC modulus of elasticity and flexural strength throughout the design period
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Figure B2. PCC material properties
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O Deter mbarati

PCC

Thickness (in) 6.0

Unit weight (pcf) 150.0

Poisson's ratio 0.2

Thermal_

PCC coefficient of thermal expansion (infin/°F x 40

10%-8)

PCC thermal conductivity (BTU/hr-ft-°F) 1.25

PCC heat capacity (BTU/Ib-°F) 0.28

Mix

Cement type Type 1 (1)

Cementitious material content (Ib/yd"3) 600

Water to cement ratio 0.42

|Aggregate type Dolomite (2)

F:r:nc ZefO‘St“iSS Calculated Internally? |True

femperature (°F) User Value -
Calculated Value 76.9

Ultimate shrinkage Calculated Internally? |True

(microstrain) User Value N
Calculated Value 629.8

Reversible shrinkage (%) 50

Time to develop 50% of ultimate shrinkage 35

(days)

Curing method Curing Compound

PCC strength and modulus (Input Level: 3)

28-Day PCC modulus of rupture (psi) 700.0

28-Day PCC elastic modulus (psi) 4000000.0

modul ufsorofeadhsmarctiit y
0 Det er meunbagtriaodd uke f or each mont h
ionbmatsiedielwmi | ity for @ach annual

0 Est
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Dynamic k (psifin.)
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apedo a

AProcess traffic data
Determination of trafficuporemerep aWVB
considering vehitdreughass dihet debBugnoperi o
Figure B4. Vehicle class distribution
Vehicle Class
e 4 5 6 7 8 9 10 1 12 13
January 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
February 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
March 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
April 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
May 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
June 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
July 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
August 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
September 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
November 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
December 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Figure B5. Traffic parameters and hourly distribution
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Distributions by Vehicle Class Truck Distribution by Hour

AADTT Distribution Distribution
Vehicle Class | Distribution (%) Growth Factor Hour (%) Hour (%)
(Level 3) Rate (%) Function 12 AM 2.39% 12 PM 5.9%
Class 4 1.3% 2% Linear 1AM 2.3% 1PM 5.9%
Class 5 8.5% 2% Linear 2 AM 2.3% 2 PM 5.9%
Class 6 2.8% 2% Linear 3 AM 2.3% 3PM 5.9%
Class 7 0.3% 2% Linear 4 AM 2.3% 4 PM 4.6%
Class 8 7.6% 2% Linear 5AM 2.39%, 5PM 4.6%
Class 9 74% 2% Linear 6 AM 59 6 PM 4.6%
Class 10 1.2% 2% Linear 7 AM 5% 7PM 4.6%
Class 11 3.4% 2% Linear 8 AM 5% 8 PM 3.1%
Class 12 0.6% 2% Linear 9 AM 59, 9 PM 3.1%
Class 13 0.3% 2% Linear 10 AM 599, 10 PM 3.1%
11 AM 5.9% 11 PM 3.1%
Total 100%
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle |Single| Tandem | Tridem | Quad
Mean wheel location (in) 18.0 | [Average axie width (ft) 8.5 Class | Axle | Axle | Axle | Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 162 | 0.39 0 0
Design lane width (ft) 12.0 | [Tire pressure (psi) 120.0 | | Class5 | 2 0 0 0
Class6 | 1.02 0.99 0 0
Average Axle Spacing _Wheelbase Class 7 1 0.26 0.83 0
Tandem axle Axle Type] R Class 8 | 2.38 | 0.67 0 0
spacing (in) 51.6 Value Type Short | Medium | Long Class9 | 113 193 0 0
;.;:E;Tgé::frls 49.2 ?fserage spacing of axles 12.0 15.0 18.0 gllass 10| 1.19 1.09 0.89 0
: ass11)| 429 | 026 | 006 0
g’:)ad axle spacing | 495 | [Percent of Trucks (%) 170 | 220 | 610 ||Class12| 352 | 1.14 | 0.06 0
Class 13| 2.15 2.13 0.35 0

AProcess temperature profile data

Determination of the equivalent | inear t e mj
tdh design period need to be similar to EI CM
station. These |inear temperature gradient
compute combine temperature curling and | o
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Figure B6. Temperature data over the design period

Step 2: DefCetmidoen$faBpacing

Tk scawmmt | oint spacing is to mini mjbaud t her me
spacing the sawed joints toostilosti togandte
mai ntenance costs than necessary, thereby
pament s . -cTunte jscaimmt spacing will also signif

movement and pavenmeede spsearfy rtmavewet. ejriohi mtes t F
spacing for the prediction of the critical

potential joint faulting. Drying shrinkage
primary contributors to eianrtlsy icnr aR&KC i pna vte nae
effect of slab curling ormutthg odetel ampmde nton
movement in the RCC pavement need to be in

and | oad transfer ef fiitchnenccayn (bLeTEUse A ts@ pda
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