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AB STRACT

The rel aflonshlp between asphalf pavement performance
parameters and phys I ca I character I st i cs of pavement cores,g: lnvestlgated. Thlrfy-elght pavemenf sample sltes from
al I areas of Arkansas were cored in lgg2. Nine cores at
each sife tYere obtained. cores from two sttes trere nofsatlsfacfory for testing. Elght pavement sltes had
c?lvent lonal granul ar bases, 17 slfes had asphalf bases,wlfh ll sltes havlng portland cemenf concrete bases. Allof fhe pavementl I nvest I gated were h i gh-ty pe asph a I tconcrefe wlth l2 foof lanes, sealed shoutders, and gooddralnage. Thelr ages ranged from 0.5 to 23 years. -The
types of mlneral aggregafe ln the Ao{M mlxtures lncl uded:
I Imestone, sandsfone, gravel, syenlte, and novacul Ife.

Pavement f lel d fests lncl uded: Dynaflect deflectlon,rut depth, crack classlflcaflon, pavemenf condlflon raflng,skld number, and Mays Rtdeabi I lty ratlng. The Dynaflecffest rvas performed af slx poInts along the rheel paths and
befween the rheel pafhs at each slfe. Rut depths Here
measured In fhe rheel pafhs. Dynaf lect and rut depth
m€asurements uere taken when fhe sltes were cored ln lggz
and w€re repeated ln 1983.

The cores r€re measured for layer thlckness and sawedlnfo layers. The core layers were tested for: resl I lenf
modulus (77 F), bulk speclf Ic aravify, maxlmum mlxture
speciflc gravlty, Marshal I sfabl I Ity and flow, asphalt
content and aggregate gradaflon. Laborafory molded
speclmens having aggregate charactsrlstlcs slmll lar to the
pavement cores rer€ I lkewlse tested.

An excellent relaflonship ras obfalned betreen alr
volds and volds ftl led ulth asphalf for the surface layerof fhe asphalt pavemenfs. The excel lent lnferrelatlonships
obtalned befween alr volds, volds In fhe mlneral aggregate
and asphalt content for dlfferent mlxfure gradatlons aiepresenfed. Equatlons were developed by r€gresslon analyslsthat rel ate pavement performance parameters w lth physl ca Ipropertles of the pavements for dl fferent I evel s oftraff lc. The common thread of Ao{M resl I lent modul us rras
used fo develop equaflons that rel afe the Marshal I mlx
deslgn val ues to pavemenf performance. The estlmafed
change ln pavemenf resl I lenf modul us wlth tlme ts
presented.

The equaflons and analysls of data pres6nted rll I

enab I e fhe des I gn eng I neer fo ana I yze pavement m Ixf ures
deslgned by the Marshal I method and to predlct pavemenf
performance. A ratlonal method for mlx deslgn of Arkansas
asphalf bases ls presenfed.

'l 'l



GA I NS, F I ND I NGS, AND CoNCLUS I ONS

The resulfs of thls Invesfigatlon wlll enable the

deslgn engineer to analyze asphalt pavemenf mlxtures

deslgned by the Marshal I method and predlcf thelr pavement

performance for varylng levels of trafflc. A rational
method of mlx desl gn of Arkansas asphal f bases ras

developed based upon the Marshal I mlx design procedure and

eq u I pment.

There ls an ldentiflable relaflonship between fhe
resl I Ient modul us and ofher physical characterlstlcs of fhe

asphalf pavement and the Marshal I laborafory mlxfur€s. The

pavemenf resl I Ienf modul us ras esf lmafed to I ncrease r lfh
age at the rafe of 50,000 psl per year.

The physical characferlstlcs of the asphatt m lxtures
fhat besf rel ated to pavemenf performance rrere: stabi I lty,
f low, alr volds and volds f llled wlth asphalt. Volds in
the mineral aggregafe, alr volds and asphalt content are

dependenf upon one another; fhey may be analyzed by use of

equatlons presented ln thls report.
Pavement cracklng lncreases as alr volds Increase,

whereas pavement ruff I ng I ncreases as a I r vo I ds decrease.

Pavemenf s rlfh hlgh stabl llfy and betreen 2.5 and 5 percent

alr volds Indlcated moderate ruttlng and cracklng.

Asphal t pavements w Ifh al r vol d contents from Z to 5

percent, sfabl I lttes of 1500 pounds or more and rlth 75 to
85 percent volds fll led wlth asphalt lndlcated superlor
performance.

'iii



I MPLEMENTAT I ON STATEMENT

The resulfs of thls study may be used to analyze

Marshal I designed asphalt mlxtures for fheir potentlal

pavement performance r lth vary ing level s of traff Ic. Th I s

analysis wlll permit fhe optlmizatlon of the mlxture

characteri stlcs to prov lde lncreased pavemenf performance

and longer servlce I Ife.

The immediate pracflcal appl ication of the sfudy

flndlngs would be to modlfy the Marshal I laboratory job mlx

deslgn criterla to lnsure that al I proposed mlxtures have

the proper amount of asphalt cemenf and air volds fhaf are

ln harmony wlth the VMA and volds f I lled rlth asphalf

cr I ter I a as reported here i n.

The base m Ix desl gn procedure presented r i I I prov Ide

excel lent asphalf bases. This proposed mlx design

procedure should be eval uated by testing addltlonal fypes

and gradatlons of aggregate r lth sultabl e asphalf cements

prlor to lmplementatlon to verlfy fhe proposed mlx deslgn

crlterla.
The establ lshmenf of levels of criterla for mlx

deslgns for surface, blnder and base courses rlfh respect

fo low, medl um and h lgh fraff lc vol umes may be Impl emented

from the dafa of fhls lnvestlgatlon. The analysls of the

data reported on the basls of type of constructlon wl I I

indlcate if dlfferenf control I Ing factors ln fhe mlx deslgn

should be used for each deslgn fype.

iv
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CHAPTER I

I NTRODU CT I ON

The performance of asphalt pavements has been studled

for many years by var i ous h I ghray I nvest r gators, research

agenc i es and h I ghray eng I neers. Much has been I earned

about the behav lour of asphal t concrete pavements I n regard

fo the effects of sol I condltons, pavement sfrucfure,
traf f I c and env I ronment. Horever, some pavements are st I I I

fall lng fo perform up to the expecfatlons of the deslgners

and the problem of deslgnlng and consfructlng long-lasflng,
smoofh and safe pavemenfs has nof yef been completely

reso I ved.

The obJectlves of fhe study are fo evaluate Arkansas

asphalt mlxturest physlcal characterlstlcs, fo correl afe

them w I th pavement performance under var I ous traf f I c

condltlons and to develop a ratlonal mlx deslgn for asphalt

bases. Thls ratlonal deslgn rlll reflecf fhe exlstlng
Arkansas stafe Hlghway and Transporfatlon Department (AHTD)

aggregafe gradlng sp6clf Icatlons rlth recommended deslgn

crlterla.
The AHTD has used asphalt concrefe hot mlx for ner

consfrucflon and for reconsfructlon of old roads for many

years. There has been some varlatlon ln fhe level of

performance obtalned from these asphalt pavements. The

varlatlons are consldered to be the result of a number of
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var I ab I es, such as asphar t and aggregate character r st I cs,
mlxf ure stablltfy, vold content, traf f lc and envlronmental
cond I t I ons. These var r at I ons of pavement performance have
shown a need fo retate laborafory and fleld fests of
asphalt concrete and mrnerar aggregafe physrcar proparties
and thelr mrxture characferrstrcs to frer d measuremenfs
that relafe to pavemenf performance.

For many years the AHTD has been parf tary successf ur
In using an asphart stabi r Ized basE course. Thrs mrxture,
havrng rarge aggregate (mrnus 1.5 in.) ras not desrgned by
the usual Marshal t method of mlx deslgn, but contalned an
estlmated asphart content of betreen i and 4 percenf. Thrs
I ow asphar t contenf her d the base mater t at fogether and
provlded a relatlvely hlgh denslty materlal at a reasonable
cost. srnce there rere no desrgn procedures, the actuar
characterlstrcs of thrs aspharf stabr r rzed materrar have
varled dependlng on fhe aggregate typer gradatlon of the
mlneral aggregate and asphalf contEnt.

The I ncreas r ng cost of aspha r t cement and r ncreas t ng

traff Ic, both rn frequency and magn ttude of r oads, h,arrants
fhls study on devetopment of a ratronar mrx desrgn mefhod
for asphalt bases and characterrsfrcs of asphart mrxtures.
Data col lected under thrs sfudy ril r provrde fhe background
to esfabl lsh revets of crtterra for mrx desrgns of surface,
blnder and base courses rrth respecf fo ror, medrum and
hlgh levels of traff rc vorume for Arkansas maferrars.

Research I nvest I gafors have devel oped means of
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measurlng faflgue and resl t Iency characterisflcs of asphalt

mlxtures, both from In-service and laboratory samples.

Schmldt (1) reported a practlcal method for measurlng fhe

resl I lent modul us (Mr) of asphalt-freated mlxes ln 1972.

Thls method of testlng for modulus of resl I lency ls
non-desfructlve and may be used to eval uafe envlronmenfal

and aglng factors affecflng asphalt mlxfures.

A I aboratory test system for pred I ct I ng moi sf ure

Induced damage to asphalt mlxtures uslng the resl I Ienf

modul us test has been reported by Lottman (12). An lnterlm
report by Lottman on a f Ive-year f lel d eval uatlon phase of

th I s work I nd I cates that pavements that rere pred I cted

(from laboratory fests) to have moderate to severe molsture

damage are beglnnlng fo show an lncreaslng frend.toward

loss of strength. The change ln the resl I lent modul us of

an asphalt mlxture In servlce appears to correlate rlth
pavement performance thaf I s affected by the str I ppl ng

effects of water.

The factors thoughf to InfluEnce overal I pavemenf

performanc€ lncl ude sfrucfural deslgn of the roadray,

asphalt mlx deslgn, mlneral aggregate properfles, asphalt

materlal properfles, construcf Ion tEchnlques, amounf and

characfer of trafflc, envlronmenf of the road and

malntenance. Dlstress of the pavement surface leads to

reduced performance. Al I fal I ures, rhether caused by

pavement, base or subgrade materlal, are reflected In fhe

(l ) The number ln parentheses corresponds fo fhe I lstlng
of the I lterafure cl ted I n the Reference secf I on.
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pavement surface.

I n regard to character I sf I cs of asphal f concrete
mlxfures, lt Is concluded fhat fhe mlneral aggregafe and

asphalt cement change thelr propertles durlng constructlon
and after belng subjected to the effecfs of trafflc and the

env lronment. Therefore the measuremenf of the asphalt

mlxfurest propertles, rather than fhe lndlvldual propertles

of the asphalt and aggregater appears to be a ratlonal
approach forard the so I ufl on of fhe prob I em. The

evaluaf Ion of the reslllenf modulus of the laboratory

mlxfur€s and pavemenf mlxtures and thelr correlaflon rlth
pavemenf performanc6 would asslsf the hlghray engineer ln
deslgnlng and consfrucflng more durable asphalt pavemenfs.

Thls Invesflgatlon of Arkansas asphalt pavements uas

deslgned to eval uafe the In sltu asphalt pavemenf mlxturesr

characterlsfics and relafe fhem to the performance of the

pavement. Th I rty-e t ght s I tes rere se I ected for
lnvestlgatlon. The locaflons of fhese study sltes were

se I ecfed to prov I de pavements of vary I ng ages, m I nera I

aggregate composltlons, fraff lc level s and types of desl gn.

The dlfferent types of deslgn lncl ude: asphalf concrete

over a granut ar baser dsphalf concrefe over portt and cement

concrefe and asphalt concrete ov€r bl ack base. Several

pavemenf sltes rere chosen because they exhlblted dlstress
such as ruttlng, fl ushlng or cracklng.

Pavemenf performance ras eval uated by both

quanflfatlve and qual lfatlve mefhods. Dynaflect
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measuremenfs l{ere faken to rel ate fhe sfructural adeq uacy

of fhe existlng pavement. pavemenf condlflon eval uaflons
were based on ruf depfhs, degree of cracklng and surface
roughness. Laboratory tests performed on fhe pavement

cores Incl ude: resl I ient modul us, Marshal I stabi I Ity and

f low, bu lk speci f lc arav ity, maximum speclf ic grav lty,
asphalt content and extracted aggregate gradaflon.

Laboratory mol ded Marshal I speci mens were made to s i mu I ate

fhe conditlon of the lnitlal asphalt mlxtures for each

gener i c type of aggregate. These aggregate types I ncl ude:

I Imesfone, sandstoner grave I and syen I fe.
Re I at I onsh I ps betreen pavement performanc€ parameters

and asphalt mixfures characterlsflcs are lncl uded. A

raflonal mix design method for asphalf bases ls presented.



CHAPTER I I

REVIEI{ OF LITERATURE

A comblnaflon of mlneral aggregate and asphalt cement

Is used fo make asphalf mlxtur€s. Asphalt concrefe

pavement Is an asphalt mlxfure conslstlng of fhe proper

proportions of aggregate and asphalf cement thaf ts heated,

mlxed, pl aced, and compacted whl le hot. The acronym for
thls mlxture Is ACHM, asphalt concrete hot mlx. lt'hen ACHM

is properly deslgned, manufacturedr ond pl aced on a rel I

construcfed road bed lf provldes an excel lent pavemenf to
serve the travel Ing pubI lc. The performance of ACtlM

pavement Is dependent upon fhe many posslble comblnatlons

of aggregafes, asphal t cements, construct I on pract I ces,

road beds, traff Ic densltles and env lronmenfal condltlons.

The character I st I cs of asphal t m Ixtures that rel ate to
pavemenf performance incl ude Ifs stabl I lfy, durabl I lty, and

skld reslsfance.

Pavemenf Performance

The abll lty of a pavement to serve trafflc ls lts
performance. The methods of eval uafl ng performance are

quantltatlve, qual ltaflver oF both, dependlng upon the vler
of the eval uator. Present methods of quanf t fy I ng pavement

performance are based upon the procedures devlsed for the

AASHO Road Test (5) at Otfawa, I I I Inols. The performance

measurements fhat may be faken lncl ude pavement deflectlon,

6
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rut depth, amount of cracklng and patchlng, roughness, and

skl d resl stance. The results of these f lel d measurements

may be combl ned fo glve a pavement condltlon ratl ng (PCR)

or a presenf servlceabl I lty Index (PSl ) to a pavemenf

section. The relght to be glven to each measured ltem In

calculaflng PCR or PSI varles rith each evaluator.

Qual lfaflve measuremenf of pavement performance Is In

the eye and seat of the eval uator. Thus fhe qual ltatlve
pavemenf performance ratl ng (PPR) resul fs from the

rldeabl I lty and appearance of the pavement surface as

traveled by fhe evaluator. The comblnaflon of PCR and PPR

ratlngs ln the proper proporflons glves the best lndlcatlon
of pavement performance.

Pavemenf Dur ah I I I ty Eva I uaf I on

The magnltudes of fhe I Imltlng pavement deflection,

ruttlng, cracklng and roughnass that lndlcafe pavement

fallure are stlll belng establlshed. The durablllty of

asphal f pavement surface has been def I ned as Its resl stance

to change durlng servlce.

Val lerga (4) summarlzes pavement def lclencles as

rel ated to asphalt cemenf durabl I lfy. A cl asslf tcatlon

system of types and causes of asphalt pavement fallures ras

glven. The three types of fal I ures rere dl sl ntegraflon,

I nstabl I lfy, and fracture or crackl ng. Hveem (5) reported

the types and causes of fal lure of hlghray pavements ln

1958. Thls classlc work dlvldEd fhe types of dlstress Into

slx groups: dtslnfegratlon, cracklngr lnsfabl I lty,
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sllppage cracks, deep grooves, and complete breakthrough.

The cause of each dlstress along wlth excel lenf photographs

illustratlng the dlstress rere Included in fhls report.
Earl ler, In 1948, Hveem and Carmany (6) reported the

facfors underlylng the ratlonal deslgn of pavements. Thls

report to the Hlghray Research Board presenfed a mefhod of

pavemenf des I gn ut i I Iz I ng the Hveem Sfab i I omefer,

Cohes I ometer, and Knead I ng Foot Compactor. Hveem (7 t

reported the Imporfance of faflgue fal I ures due fo pavement

deflection In 1955. This report presenfs graphlcal data

re I af I ng axl e I oads fo pavemenf def I ect I on for seven

d i fferent fypes of pavement strucfures. Hveem further
reported thaf som€ comparlsons rere made between the Shel I

vlbrafor (an early Dynaf lecf devlce) and the Benkelman

Beam. He al so presented graph Ical rel atlonsh lps befween

pavemenf condltlon and def lectlons.

A 1962 report on the effect of resl I lence-deflectlon

rel aflonsh lp on the structural deslgn of asphal tlc
pavements uas presonfed by Hveem ef al (8) at the

lnternatlonal Conference on the Structural Deslgn of

Asphalt Pavements. ln fhls paper, a tabul aflon of

tenfatlve maxlmum pavemenf deflecflon for varlous

fhlcknesses of pavemenf was presentEd. Beaton et al (9)

reported a fleld appl lcaflon of fhe resl I Ience deslgn

procedure of fhe Cal lfornla Hlghway Deparfment fhat ras

developed by Hveem (6,7,8). Table I glves the tentaflve
maxlmum folerable pavement deflectlons fhat have been
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TABLE I MAX I MUM TOLERABLE PAVEMENT DEFLE CT I ONS ( 9 )

Pav eme n t
Th i ckness

Pavement Type Tol erab I e
Deflectlon

4

8

6

3

2

Portland Cement Concrete

Cement Treated Base(wlfh ACHM surface)

AC (plant mlxed) on
aggregate base

same des I gn

same des I gn

AC (road mlxed) on
aggregafe base

s ur f ace treafment

0 .012

0 .012

0.0t7

0 .020

0.025

0.056

0.0500.5

I
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appl led as a guld6 crlferla for planntng the reconstructton
of exlsflng roadways in callfornla. Thls paper by Beaton

et al al so presents the varlatlon ln tolerable deflectlon
of d I fferenf types of pavements rel ated to equlval ent 50oo

pound wheel I oads. The rel atlonsh Ips are I tnear when

plotted on a log-log scale and are based on asphalt

concrete faf I gue tests. 0f I nterest I s the fact that the

maximum pavemenf deflectlons shown In Table I are unchanged

from Hveemfs Inlttal report of 1955.

Flnn (10) reports fhe factors lnvol ved ln fhe deslgn

of asphaltlc pavement surfaces. He repeats Table I In hls
report and lndlcates the safe maxlmum deflectton val ues are

tentatl ve. FI nn rev lews I aboratory and f lel d sfudl es fo
eval uate fatlgue propertles and Indlcates fhaf asphaltlc
concrete responds +o r€pefltlve loadlng ln a manner slmllar
to that found ln elastlc maferials. He furfher observes

that the stlffness modul us of the asphaltlc concrete

surfacing ranged from 4r0,000 to 1,500,000 psl on the AASHO

Road Tesf and 670,000 to 1,2201000 psl on fhe Cal Ifornla
Deslgns (based on Hveemrs deflecflon crlterla). These

values u€re calculafed for a temperafure of 40 to 50 F.

l{llllams and Lee (ll) reported a load-def tectton study

of selected hlgh-type flexlble pavement ln Maryland ln
1958. ln fhe dlscusslon to fhls paper, tl. H. Campen

concluded thaf flexlble pavement can tolerate abouf 0.05

inch total def I ectlon r Ithout crackl ng and fal I lng, wh ich

is confrary fo fhe dafa of Hveem shown In Table l. ln
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Hllllams and Leets closure, lt ras noted that Campenrs

concl uslon coul d not be drawn from thelr dafa because of

If s llmlted nature.

Ford and Blsseft (12) reporfed on flexlble pavement

performance stud I es I n Arkansas I n 1962. Benke I man beam

def I ectlon tesfs rere performed usl ng an I B,ooo pound axl e

load on several types of pavemenf. The average pavement

deflecfion for hlgh-type pavements ras 0.05 Inch, wlfh a

range from 0.016 to 0.041 lnch. The performance of the

pavements lnvestlgated was found to correl ate rlth the

deflecflon ratlo rather than rlth fhe absol ute vat ue ol
maxlmum pavemenf deflectlon. The deflecflon raflo was the
maxlmum pavemenf deflectlon dlvlded by the radlus of

lnf luence of the wheel load.

A recent report by l{ay et al (13) Indicates thaf the

Spreadlbl I lfy lndex (sl ) Is used In the structural overl ay

deslgn mefhod for Arlzona. The sl Is defermlned from the

pavement def I ect I on as measured by the f lve Dynaf I ect

sensors located at 1 foof lntervals from the dynamlc 1000

pound appl Ied load. The Sl ls the averago deflectlon of a

pavement structure expressed as a percentage of fhe maximum

deflecflon occurrlng under the rheet load.

The use of elasflc layer theory and fatlgue fests to
pred I ct pavemenf res I stance to crack I ng and subseq uent

fal I ure Is rel I documented ln the I lterafure. The

developmenf and lmprovemenf of test equlpment to measure

fhe elastlc characterlsf lcs of asphalt mlxtures, such as
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the resl l lenf modul us equlpmenf reported by schmldt il ),
has facillfated thls area. Meadors fi4) has prepared a

comprehenslve rev lew of el astlc I ayer fheory, resl I lence,

fatlgue, and deflection rel atlonships ln hls thesls.
Nsphal t Mi xture Characterl stlGS

The proper combl natlon of dl fferenf types and

gradatlons of aggregate rlth varylng quanttfles of asphalf
cemenf to yleld a saflsfacfory asphalt pavemenf ls known as

mlx deslgn. I n general, current mlx deslgn methods can be

dlvlded lnfo two groups, those uslng the Hveem mefhod and

those uslng the Marshal I mefhod (15). Either method ylelds
a saflsfactory Job mlx deslgn; the Hveem method requlres
more equlpmenf and testlng tlme than fhe Marshal I method.

Thls dlscussion of asphalt mlxture characferlstlcs wll I be

based upon the Marshal I mefhod, as lt ts the method used in
Arkansas.

Marshal I mix deslgn paramefers usual ly incl ude

aggregate gradatlon I Imlts, sfab I I lty, f I ow, al r vol ds,

volds ln fhe mlneral aggregate, and rater suscepfabl I lfy
cr I ter I a. The I evel of traff Ic deferm I nes the des I gn

crlterla to be fot lowed. For example, a heavl ly fraveled
hlghway may dlctafe a mlxf ure rtth a mlnlmum stabl llty of

1700 pounds whereas a low frafflc rurat hlghway may only

need a mlxfure wlfh a sfabl I Ity of 1000 pounds.

The Marshal I method of mlx deslgn ls aftrtbuted fo Mr.

Bruce Marshall (16). The lnlflal crlterla for a

satlsfacfory mlx lncluded the requlrements for mtnlmum
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stabl I lty, flor, and denslty (alr volds). The alr volds

r6re calculated on the basls of apparenf specif ic aravlty
(Ga) of the mlneral aggregate. The lmporfance of fhe volds

In the mlneral aggregate (VMA) was presented ln the

Marshal I test manual ( l6). There has been a confi nul ng

evolutlon ln the l,larshall mlx deslgn crlterla rlfh each

agency uslng thelr exp€rlence to obtaln an asphalf mlxfure

ylel dlng good pavemenf performance.

Goode and Lufsey (17) reported the results of a study

that incl uded the rel aflonshlp between alr volds, fl lm

th I ckn€ss and asphal t harden I ng. Marshal I specimens rere

utlllzed ln thls rork. The fllm thlckness of asphalt

coaf I ng the aggregate was ca I cu I afed us I ng fhe et fecf I ve

asphalf contenf of fhe mlx and the aggregate surface area.

They presented defa I I ed procedures for ca I cu I at I ng fhe

surface area and fllm thlckness. A deflnlfe trend for

asphalf hardenlng to Increase as the fl lm thtckness

decreased and fhe alr volds lncreased ras nofed. An

asphalf mlxture havlng f llm thlckness of 6 mlcrons and alr

volds of 4 to 5 percenf shored good reslstance to

hardenlng. Earller rork by Campen ef al (18) Indicated a

fllm thlckness of from 6 fo I mlcrons produced the most

deslrable pavemenf mlxfure. ln a later report, Campen et

al ( l9) lndlcated fhaf the proPer asphalt contenf for oPen

graded mlxtures should be determlned by conslderlng fllm
thlckness and surface area. A fllm thlckness of l0 mlcrons

for fhelr open graded mlxfure ras recommended.
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0ne area of controversy that has not been resolved ts
the percentage of alr volds (AV) needed or permltted ln an

asphalt pavemenf and how these alr voids are to be

determlned. The maxlmum theoretlcal specif lc gravtfy (Gmt)

of asphal t m lxtura may be ca I cu I ated based on four
dlfferent aggregate speclflc gravltless apparent; bulk
(Gb ); bul k saturated surface dry ( Gbssd ); and bul k

impregnated (Gbi). McLeod (20,21', glves a very complefe

dlscusslon of AV and VMA determlnaflon and thelr
requlremenfs for asphalt mlxtures used for pavlng. These

requlrements ar6 slmllar to fhose shown ln fhe Asphalt

I nsfltute MS-2 ( 1 5). Slnce McLeodr s work, the

defermlnatlon of Gmt has been standardlzed by ASTM as

Method o 2041 (22). An tnltlal descrlptlon of fhts test,
atfrtbuted to James M. Rlcer rds confalned ln a

f undamenfals for deslgn of bitumlnous pavlng mlxfures

report (23). The effectlve aggregate speci f tc grav lty (Ge)

may be calculafed from the Gmf of Asrl{ Method D za4l lf fhe

amounf and specl f lc arav lfy of the asphal f cement Is known.

Therefore, there are 5 dlfferent aggregate speclflc
gravltles fhat may be used to analyze the volds tn an

asphalf mlxture. 0f lnterest perhaps Is that the tnitlal
volds recommended by Marshal I (16), based on Ga, are very

close to the presenf-day volds requlrement publ lshed by the

Asphalt lnstlfufe (15) that are based on Ge.

The area of water susceptlbl I Ity of Arkansas asphalt
mlxtures has been eval uated and reporfed by Ford (24).
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Thls sfudy reporfed the fllm strlpplng and lmmerslon

compress I on rel at I onsh I p of I g Arkansas aggregates and

asphalf mlxtures. lt was shorn fhat compacfed asphalt
mlxtures wtfh alr volds greafer than 5 percenf tended to
have a refalned strengfh of 75 percenf or less. schmldt

and Graf (25) reported the use of fhe reslltent modulus

test fo eval uate the effect of water on asphalt mlxtures.
Unl lke the immersion compresslon fest, the resl I tenf
modul us tesf ls non-desfructlve and speclmens may be

evaluated perlodlcally to determlne fhe long-term effects
of rater on compacted asphal t m lxtures.
!ase Course Deslgn

A standard method for fhe mlx deslgn of an asphalf
base course (ABc) Is not found In the revlew of I Iterature.
A problem in fhls respect has been the development of a

I aboratory compact I on dev I ce to prov I de compacted asph a I t
mlxtures of a slze sulfable for testlng that wlt I have the
same sfructure as that developed ln an asphalt pavement

under rol I lng and trafflc. The Marshal I mefhod of mlx

deslgn uses a 4 ln. dlameter by 2.5 In. fhlck speclmen for
stab I I lty and f I or tests on surface and bl nder m lxes.
Horever, an ABC mlxfure confalns aggregate up fo 1.5 in. ln

dlamefer, and therefore a 6.0 In. speclmen dt amefer Is

needed, slnce the specimen dlameter should be equat to 1.5

tlmes the maxlmum partlcle slze In order to meet standard

ASTM test cr I ter I a.

ln 1961 El I lson (26) reporfed on the constructlon and
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performance of asphalt bases uslng aggregate up to 2.0 ln.
ln diameter bui lt In Virglnta about 1950. The asphalt

content tras defermlned by puftlng In as much asphalf as the

mlx would hold. El I lson noted that sfabll Ity fesfs were

not conducted on fhe ABC mlxes because the mlx had such

large aggregate fhat they could not dupl Icafe stabi I tty
test results. l{arden and Hudson (27) reported on an ABC

consfructlon uslng a sand-gravel materlal wlth a maximum

slze of 1.5 ln. The Marshal I mlx deslgn method ras used to
determlne the physlcal propertles of fhe ABC. They

reported an average stabi I Ity of 1120 lb. rith a flow of I
at an asphalf content of 5.2 percent.

An Investlgaflon to determlne the feaslblllty of uslng

I arger-sized aggregate for ABC mlxfures was reported by

Khal Ifa and Herrln (28). They prepared and tested mlxtures

uslng aggregate up to 2.5 In. ln dlameter. Thelr fest
speclmens wer€ cored out of I arge sl abs of asphal tlc
concrete and tesfed ln trlaxlal compresslon uslng a Texas

trlaxlal cel l. lt ras concl uded that lncreaslng the

aggregate slze caused a reducflon ln fhe percenfage AV and

VMA, and a more economlcal asphalt mlxfure because of a

reductlon ln the requl red amount of asphalt.

McDorel I and Smlth (291 presenfed a comprehenslve

procedure for deslgn and control of ABC mlxtures ln Texas.

Thel r tesf specimens uere mol ded ln a gyratory dev lce and

r€re 6 ln. ln dlameter and 8 ln. hlgh. The speclmens rere
tested ln unconflned compresslon and fhe crlterla for
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selectlon of a mlxture were based on the alr volds to
asphalt ratlo along with the anflclpated trafflc.

Barksdale (50) reported the results of fhe appl Icatton
of faflgue and ruttlng tests on ABC mlxes. The aggregate

used in the ABC mlxtures wer€ a maxlmum of 1.5 In. The mlx

designs lnvesf lgated uere prepared by the Georgla Dor. An

optimum asphal f content of 4.8 percenf resul ted I n a

Marshal I stabl I Ity of 2150 lbs. wrth a flow of 13. Thls
mlxture had alr volds of 4.i percent rlth a vMA of l4.g
percenf. Barksdal e nofed that ruftl ng was di rectl y rel ated

to asphalt contenf and fhat a 6/32 ato g/32 In. rut depth

rrould occur rlth these ABC mlxtures. The actual fatlgue
and ruttlng beams of ABC mlxtures tesfed by Barksdale rere
prepared us I ng a knead I ng fype compactor.

The ABC mlxtures used as parf of the AAsHo Road rest
(5,l ) experlmenf rr€re deslgned by the Marshal I method. The

aggregafe used ras mlnus 1.0 in. ln slze. These ABC

mlxfures had a Marshal I stabl I lty of l650 lbs. wlth a flor
of l0 and alr volds of 6.2 percent at an asphalf confenf of
4.8 percent. The AASHO ABC meets the requlremenf for an

Arkansas Type 2 Blnder Course.

NCHM Des I gn Deve I oprnents and Cr I terla
The criterla for asphalt pavement deslgn conflnues to

ch ange as more I nformat I on on pavement m Ix character I st I cs

and performance becomes aval lable. The hlghray deslgn and

test eng I neer now has aval I ab I e precl se test I ng eq ul pment

and computer methods fo facl I Ifafe the eval uatlon and
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analysls of asphalt pavement maferlals and thelr
perf ormance.

For example, the pavement strucfure may nor be

eval uated w lfh the Dynaf lect dev tce much faster than w lth
the Benkelman beam. The operatlon of the Dynaflecf devlce

was reported by scrlvner ef al (3?) where lf rlas descrtbed

as a net{ tool for measur I ng pavement def I ecf I on. Ten i son

(53) reporfs the use of a device stmllar to the Dynaflect
cal led a Road Rater to measure pavement deflectlons under a

dynamlc 1800 lb. load ln Ner Mexlco. The results of these

deflection measurements uere used to predict the remalnlng

I i fe of the ex i st I ng pavement and fhe req u I red over I ay

thlckness for a glven deslgn perlod.

l{ay (15) used fhe def lectlon results obtalnad wlth a

Dynaf I ecf dev lce and fhe pavemenf roughness measured w lth a

Mays Rldemefer fo devlse a structural overlay deslgn method

for Arlzona. The loss of servlceabltlty In f lexlble
pavements due to ruftlng and cracklng ras eval uated by

Rauhut (54). He reported the use of a cal Ibrated

mechanlstlc model (vEsYs I I l-B) compufer program to predict
pavement damage functlons for ruftlng and faflgue crackl ng.

The compufer program ras cal lbrated uslng fest data that
lncl uded a condltlon survey, maferlal s characterlzatlon
from core samples, reslllenf modulus of pavement and

subgrade, and axl e I oads.

AASHTO (35) glves guldel lnes for deslgn of pavement

structures. Thls manual also presents typlcal crlterta for
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deslgn of asphal t mlxtures. The desl red properfles of the
asphalt mlxtures are based upon the level of trafflc for a

20 year trafflc analysts perlod. The three levels of
traff Ic, based on an equivalent dally 1g klp axle load,
are: 1 to 50, 50 to 500, and 500 to j000. The compactlve

ef f ort used In the Marshall mefhod of deslgn f or these

levels of trafflc are 35 blor, 50 blow, and 75 blor fo each

end of fhe tesf speclmen. The AASHTO manual recommends

deslgn val ues of Marshal I sfabl I lty and flor, fotal votds

and volds fllled for surface, binder and base mlxtures. of

Interesf Is fhaf no crlterla ls glven for vMA ln these

mlxtur€s.

currenf mlx deslgn procedures rere assessed by Flnn et
al (56). Thls report presented fwo case studles yhere

pavemenfs deslgned In accordance rlth the Marshal I

procedure had experlenced premature fal I ure by ruttt ng and

cracking. Flnn et al Investlgated the fal I ures and

performed Hveem stabll lty tesfs and a creep fest to modlfy

the mlx deslgns fo obtaln a more durable pavemenf. Thelr

creep test ras performed on 4 In. dlameter by I ln. hlgh

speclmens wlfh an MTs devlce to esflmate permanent pavement

deformatlon. The cre€p test resul fs y lel ded a creep

modul us, rhlch uas used to predlcf an acceptable asphalt

content for the asphalt mlxtures. N. lV. McLeod, ln hls
dlscusslon to thls report, lndlcated that, ln hls

exp€rlence, mosf cases whare ruftl ng has occurred lt has

been caused by a comblnatlon of very low percent alr volds
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and a hlgh Marshal r frov Index. McLeod ar so sard that ,the
Marshar r fror Index has for a very rong trme been a very
effectlve creep test. fr

S umm ary

Much has been rearned about the behavrour of asphart
pavemenf under traf f Ic from the many tntensrve research
lnvestlgatlons conducfed over fhe r asf 5o years. The

contlnulng effort of most research rork ts to establ ish the
true rel atlonsh ip between I aborafory tesf resur ts of
asphal t m Ixtures and fhel r performance I n pavements under
f Iel d condrtrons. However, the r aboratory rnvestrgattons
and resur trng Job m rx desrgn to predrct fhe performance of
a pavement to serve trafflc for 1o to 50 years has not been
perfected.
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PAVEMENT TEST SITES AND TEST METHODS

The pavement test sltes rere selecfed to represent the

various fypes of asphalt concrete hot mlx (AcHM) pavement

that have been consfructed durlng the past 25 years ln
Arkan sas. The var I ous fypes of pavement are d I v I ded i nto

three groups, based upon the type of base material
lnvol ved: AcHM pl aced over a granul ar base (type X), AcHM

placed over an asphalt base (type y), and ACHM placed over
portland cement concrete (type u. 0ther crlterla fot tored
In chooslng the test slfes lncl uded: trafflc, type of
mlneral aggregafe, servlce ag€, and pavement condltlon.
Six slfes were also selected fo colnclde wlth the long term

monltorlng program undertaken by fhe pavemenf Management

Sectlon of the Arkansas state Hlghway and rransportation
Department.

Th I rty-e I ghf pavement s I tes uere se I ected for
eval uaflon. ln general , the pavement I anes rere l2 feet
rlde wlth sealed shoulders and good dralnage. The sltes
rere usual ly on tangents rlth level grades and good slght
dlstance fo permlt safe f lel d operatlons. The types of
mlneral aggregafe and fhelr number in fhe surface and

blnder layers, respectlvely, rere: I lmesfone (LS),10;

sandstone (SS),7i gravel (GVL),5i syenlte (NS), ll;
and novacul lte (NOv), 5. The types of mlneral aggregafe

2t
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and thelr number in the asphalt base layer, respectlvely,
wero: LS (5), SS (4), GVL (7), NS (5) and NOV (0).

The pavement surface age af fhe tlme of corlng ranged

from 0.5 years to 22.7 years. The dal ly trafflc ranged

from 1940 vpd to 26,2A0 vpd, rlth truck frafflc from 5

percenf to 57 gercent. The number of tofal accumul ated l8
kip single axle equlvalenf (EAL) loads ranged from 150,000

to 5, I 00,000 passes.

FIeld evaluaflon of the pavement test slte lncluded

corl ng, dynaf I ect measurements, rut depth measuremenf, and

v lsual estlmaflon of pavement condlflons. ln addttlon, the

pavemenf roughness and skld number uere determlned In fhe

vlclnlty of each test slfe.
Laborafory tesfs of pavement cores lncluded layer

th lckness, bul k denslty, resl I Ienf modul us, maxlmum m lxture
speciflc Aravlty, Marshall stablllty and flor, asphalt

content and gradatlon. A descrlpflon of fhe speclfic fest
methods employed along rlth fhe ldenflflcatlon of the

pavemenf tesf s I tes are g I ven be I or.

lavement Slfes and Fleld Tesfs

The locaflon of each test slte by route-sectlon,

county, dlrecf lon, lane, log mlle, Job number and date of

consfrucflon ls glven In Table I l. A tuo lane road ls
indlcated when no lane ls glven. Trenfy-fwo sltes were on

fro lane roads, and slxfeen test sltes rere on four lane

roads.

Test sltes were chosen on bofh the lnner and outer
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TABLE 1I TEST SITE IDENTTFICATION

S I fe Route- Co un ty D i rec- Lane Log Job Date

I

2

5*

4

5

6

7&

8t

9

l0*

l1*

t2&

t3

14

t5

l6*

t7t
18t

l9*

20*

21*

22

65-1 5

65-1 5

7 1-17

71-17

71-l68

7r-t68

71-16

7l-19

271-l

7 1-13

71-14

22-3

65-1 2A

65-1 2A

167-12

70-9

30-22

30-1 2

7t-l
71-2

82-2

7-2

Nort h

North

North

South

North

Nor th

South

South

North

North

North

East

Soufh

So uth

South

E ast

South

Soufh

Nor th

Nort h

l{e st

Nort h

4.6

4.1

4.5

4.5

3.2

3.2

5.2

8.4

1.7

8.t

4.4

1 4.7

0.5

0.5

4.0

I 0.0

120 .5

26.9

6.5

2.5

3.8

7.9

27 98

27 98

95 63

4827

4698

46 98

9432

957 9

4491

45 47

4-687

447 3

677 9

677 9

6782

6-604

6997

3854

3655

3623

781 9

7710

8-78

8-78

I l-71

9-8 I

5 -77

5 -77

1 2-66

tr-78

ll-69
5-71

4-7 3

1 0-64

9-63

9-65

5-64

7-71

4-7 8

4-81

I 0-75

8-7 2

7-79

6-77

Jef ferson

Jefferson

}Yash I ngton

l{ash i ngton

l{ash I ngton

l{ash i ngton

}lash I ngton

Be n ton

Sebast I an

Sebast I an

Sebast I an

Loga n

Sal ine

Sal lne

Sal lne

Gar I and

Sallne

Hemp sfe ad

Mlller
MIller

Lafayetfe

Unlon

IL

OL

OL

OL

OL

IL

OL

OL

OL

IL

OL

OL

OL
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TABLE ll TEST StTE IDENTtFtCATt0N (Conctuded)

S I te Route- County D I rec- Lane Log Job Date

24

25&

26

27

28

29t

50*

314

32e

33

34

35

36

37

167-3

81 -6

65-20

65-18

82-1 1

55-t 1

7 0-8

t-8

1-9

49-9

64-13

64-1 4

49-5

7 9-6

South

Norfh

North

Norfh

l{e st

North

East

Norfh

North

North

East

East

South

North

7.5

10.5

I 0.0

2.0

2.9

9.1

1.9

1.5

4.8

17 .5

4.0

6.5

5.9

3.0
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lanes of three roads: sltes I and 2 on Route 65'15 ( In

Pine Bluff ); sltes 5 and 6 on Route 71-168 (ln

Fayettevtl le); and sltes l3 and 14 on Route 65-12A ( in

Sal lne County Just north of the Junctlon wlth Route

167-12). These slx sltes showed vlsual stgns of dlstress

as fol lows: sl Ick surface and ruttlng (sltes I and 2);

excesslve rutflng, shovlng and dlstortlon (sltes 5 and 6);

and multlple cracks and rough surface on slte 14 ( lnner

lane) wlfh much less cracklng on slte 13 (outer lane).

Pavemenf test slfes thaf are also part of the long

term monltorlng (LTM) program Incl ude sltes 8, 17, 18, 29,

and 37. These sltes are on 4-lane dlvlded hlghrays and are

in fhe outslde I ane. The other 4- lane hlghways lncl uded

In thls Investlgaflon ares sltes 5 and 4 (Fayettevl I le

Bypass); slte 9 (Route 271-1 ln Ff. Smlfh); slte 22

( Smackover Bypass ) ; and s I te 38 ( Fordyce Bypass ) .

The approxlmafe locaflons of the pavement tesf sltes

are shorn ln FIgure 1. The sltes range from the Mlssourl

I lne ln Northrest Arkansas to the Loulslana I lne ln

Soufhrest Arkansas to the Mlsslsslppl rlver ln Southeast

Arkansas to Just north of Jonesboro ln Norfheasf Arkansas.

Some of the tesf sltes ar€ locafed In fhe vlclnlfy of

prevlous hlghway res€arch proJects. HRP No. 4 reported

pavement performanc€ and Benke I man Beam def I ect I on tests

for sltes 3l and 32. HRP No. l7 reported on asphalt cement

tests for sltes 12 and 25. HRP No. 58 reported asphalt

surface durabll lty and skld reslstance for slfes 3, 10, 11,
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16, 19, 20,21 and 30.

A sample of the total asphalt mlxture af each slte ras

obtalned by the AHTD Materlals and Research Dlvlslon uslng

a 4-lnch round, dlamond studded core barrel attached to a

verflcal-shaft, rafer cooled coring machine. NIne cor6s

were secured at each test slte. The core drll I lng and

numberlng pattern is shown ln Flgure 2. Three cores rere
taken in the outer wheel path (OI{P), three cores rere faken

in the Inner rheel pafh ( Il{P), and fhree cores rrere taken

befween the whee I path ( Bl{P). The core I ocatl ons w€r6

sfaggered as shorn to prevent the tlres of a vehicle from

hlttlng two core holes af fhe same tlme. Each core ras

labeled as to slte number, core number and date cored, and

wrapped ln heavy manl la paper for transportlng to fhe

I aborafory.

The dafe of core removal at each slte ls shown In

Table I I l. The age of the cored pavemenf surface shorn ln
Table I I I uas estlmated from the Job completlon date

reported In TablE I l. The flrst cores rere secured at

sltes I and 2 on Aprll 19,1982; fhe last core sample ras

taken af slte 58 on NovembEr 14r 1982. The cores taken at

slte 16 uere not lntact and could nof be tesfed for denslfy

and sfabl I lty. The cores appeared to be partlal ly
Itstrlpped.n The cores taken at slte l8 rere only partlally
lnfact and could not be tested for denslty and stabt I lty.
The constructlon af thls slfe h,as an ACHM overlay of

portl and cemenf concrefe (PCC) pavemenf w lth a b I nder I ayer
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TABLE I I I TRAFFIC AND SAIPLE DATE

SIte R-S Date Age Tota I r982 T lc EAL
*

I

2

3

4

5

6

7

I
9

l0

ll
12

13

14

15

16

17

l8

19

20

21

22

23

65-l 5

65-t 5

7 1-17

71-17

71-168

7 t -r 6B

7t-t6
7 1-19

271-1

71-13

71-14

22-3

65-1 2A

65-1 2A

I67-12

7 0-9

30-22

30-1 2

71-1

7 1-2

82-2

7-2

167-2

4- 1 9-82

4-1 9-82

4-27 -82

4-27 -82

4-27 -82

4-27 -82

4-27 -82

4-28-82

5-1 1 -82

5-1 0-82

5-1 0-82

5-1 0-A2

6-5-82

6-3-82

6-3-82

6-l 0-82

7 -2-82

5-17 -82

5-1 8-82

5-I 8-82

3-29-83

6-1 -82

6-1 -82

3.7

3.6

10.4

0.5

5.1

5.0

15 .3

3.4

12.5

I1.0

9.0

17 ,6

1g.g

r8.8

1 8.0

tt.t
4.2

1.0

6.6

9.9

3.0

5.0

2.2

0.25

I .01

3.06

0.22

0.52

0.1 5

1.44

0.56

0.59

0.94

1 .82

0.68

1.58

1 .46

1 .47

0.96

2.37

0 .99

0.55

l.t9
0 .48

0.30

0.25

7 080

7 080

5800

7 000

I 7500

I 7500

7 640

4800

6230

5 400

1 0800

4210

9800

9800

595 0

57 00

26200

I 6000

27 00

4950

4l 50

3150

4t 00

16

16

t8

t8

5

5

t6

20

9

l4

t5

9

17

17

20

l3

22

37

23

21

20

17

l7

55

218

290

280

74

19

170

r06

54

r05

225

53

120

rlt
r09

t05

619

650

87

146

il5
80

135

2

2

2

2

2

2

2

2

2

2

2

1

I
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TABLE I I I TRAFFI C AND sAMPLE DATE (ConcI uded)

Slfe R-S Dafe Age Tota I 1982 T EAL

24

25

26

27

28

29

30

3t

52

33

34

35

36

37

58

167-3

8r-6

65-20

65-18

82-1 1

55-1 1

7 0-8

t-8

1-9

49-9

64-13

64-1 4

49-3

7 9-6

7 9-6

6-2-82

6-17 -82

6-1 6-82

6-1 7 -82

6-1 6-82

1 0-13-82

6-1 0-82

1 0-4-82

1 0-4-82

| 0-4-82

1 0-5-82

1 0-5-82

1 0-1 2-82

6-2-82

1 0-1 4-82

0.89

0.45

1 .29

0 .47

1 .92

2.60

0.11

0.24

4.32

0.38

0.56

0.50

1.01

0 .87

0 .84

7 080

2050

37 20

4000

4950

24200

4250

3900

4t 00

I 940

4l 50

2350

56 00

2920

2580

6.7

8.0

13.7

4.0

22.7

4.0

4.6

5.0

3.9

17.1

t.3
3.3

17.0

5.E

6.0

17

't 9

22

19

18

21

5

19

t5

14

21

23

13

20

20

242

47

98

92

107

606

30

105

78

58

121

75

101

174

154

2

I

I

2

2

Note: Tofal EAL ln tt{l lllons; 1982 EAL tn* EAL Dlstrlbuflon: 801 Outslde Lane, 20N
Except Slfe 13 and 14 Spl It 52248

Thousands
lnslde Lane,
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p I aced on top of f he pcc. A rf sAM I , I ayer of rubber lzed

asphalt chlp seal had been pr aced on fop of fhe brnder

layer, and, f Inal lye Etn AcHM wearl ng surf ace had been

placed on fop of fhe sAMl layer. The core broke ln tyo at
the Interface of tha SAMt and blnder layer.

After the cor I ng operaf I on ras comp I ete, a ser I es of
Dynaflect tests rras performed uslng the AHTD Maferiats and

Research Dlvtslonts devtce. A sketch of the Dynaflect
devlce ls shorn ln FIgure 5. The dynaf lecf tests werg run

at 6 polnfs along the 0lIP, af 6 potnts along the Bt{p and

then af 6 polnts along the tlIp. These fest polnts were af
the same cross-sect I on I n each path. s t nce each dynaf t ecf
fesf measures fhe pavemenf def lectlon at 5 polnts 4 feet
apart In fhe longlfudlnal dlrectlon, a fotal of 90

deflectlon readlngs rere recorded at each pavement test
slte. The locatlon of dynaflecf tests ln rel aflon fo the
core hole locaflon ls shorn In Ftgure z. The fest stte
lncluded about 70 fo 80 feef of the test lane.

The amounf of ruftlng ln the rheel pafh uas measured

at four locatlons ln each rheel path. An elght foot
alumlnum channel beam and stee! scale yas used to measure

the maxlmum rut depfh to fhe nearest 1/32 lnch.

The pavemenf surface condltlon ras noted and a skefch

of surface cracklng or dlstress ras recorded. cracklng was

mapped ln three classes In accordance rlth the AASHo (5)

deflnlflon. These classes of cracklng ars deflned as

fol I ows: cl ass I , f lne random cracks hav lng no def lnlte
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patfern; class 2, a progresslon of class I cracklng lnto a

deflnlfe pattern rith rldenlng of the cracks and sllght

spal I Ing along the crack edges; class 5, a progresslon of

class 2 cracklng rlth pronounced rldenlng of the cracks and

separatlon of the lndlvidual segments lnfo loose pleces.

The unlts of measursmenf for cracks used In the AASHO Road

Tesf rere sq. ft. per 1000 sq. ft. of surface area.

Phofographs of fhe pavement Here faken for comparlson

purposes. Each slfe was glven a condltlon rating based

upon The Asphalt lnstltufe lS-169 Method (37).

Lafer, the roughness of fhe pavement In the area of

each fest slfe ras measured by the AHTD uslng the Mays

Meter. Llkerlse, the skld reslstance of the pavemenf ln

the area of each slte was measured by the AHTD uslng a Skld

Traller.
The amounf of frafflc In 1982 over each test slte ls

also reported In Table lll. Thls Informaflon was provided

by the Plannlng Dlvlslon of the AHTD. Further, fhe total

EALs over each tesf slte from date of consfructlon to date

of corlng are glven ln Table lll.
Laborafory Testc

The cores rere stored I n fhe I aboratory by I ay I ng fhem

on thelr sldes on a shel f untl I ready for eval uatlon. The

cores were unpackaged and marked wlth lumber keel as fo

slte and core number. The layer thlckness Yas measured,

along wlfh the overal I core helght. The core fo be tested

ras then sared lnto layers uslng a Targef Masonary Sar wlth
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a rafer cooled l4-lnch dlamond sfudded blade. The sawed

core layers tvere then alr drled unti I a consfanf reight ras

obtalned. The helghf and dlameter of each core uas

measured uslng a 0.001 Inch dtal gage devlce.

Next, the resl I lent modul us (MR) of each core I ayer

ras measured uslng the Refslna Mark V devlce. The

resl I lent modul us test conslsfed of applylng a I lghf
pulsatlng load across the vertlcal dlameter of a specimen

causlng a correspondlng elasflc deformatlon across lts
horlzontal dlameter. Thls deformation was measured wlth

I lnear varlable dlfferentlal transducers (LVDT). The

dynamlc load appl led fo the speclmen conslsted of a load

duratlon of 0.1 second and a rest perlod of fhree seconds.

The deformatlon and dynamlc load w€re recorded from a

dlgltal readout In fhe MR devlce. Uslng thls data the MR

was calculated by the followlng equaf Ion:

MR = P(v + 0.2734r/(h l)
rhere:

MR = reslllenf modulus

p = peak load

v = Polssonts ratIo
fi = spec I men fh I ckness

I = deformaflon across speclmen

Schmldt (l) stafed thaf a rang€ of values for Polssonrs

ratlo could bE used rlfhout excesslve error In the

ca I cu I ated MR. He sugg6sfed fhaf the assumpt I on of 0.55

for asphalt concrefe gave a reasonable agreement among MR



?(

values calculated by dlrect tenslon, compresslonr oF

f I exural mefhods.

The Refslna MR devlce ras made to handle 4 lnch

dlameter samples that are between t.5 and i lnches thick.
The samples rere fested at a temperature of 77 F (plus or
mlnus 2 F). ln general, the load appl ted fo the sample ras

75 pounds (pl us or mlnus l0 pounds). slnce there ls no

ASTM or AASHTO test method, these I lmlts uere set after
experlence showed thaf temperafure varlaflon and I arge

dlfferences ln loads resulted ln lnconslstant resl t lenf
modul us val ues.

Four readlngs rere taken on each sample wlfh fhe MR

devlce. Two rere taken across the same polnts. The sample

was rotafed 90 degrees and two more read I ngs yere taken

across I ts d I amefer. After the MR va t ues rere ca I cu t afed,
the standard dev I atlon of fhe val ues rere determ tned. I f
the standard devlatlon ras greater than t0 percent of the

largest MR val ue, the procedurE ras repeated untl I

agreemenf ras found. lf no agreemenf could be made after
fhree trlals, an average of the trelvE values ras used.

The bul k specl f lc grav Ity ol the surface and bl nder

layers ras measurEd In accordance rlth AsrM Method D 2726

(22). The relghf of fhe sample ln alr, rafer (at 77 F) and

safurated surface dry was obtalned uslng a Mettler dlglfal
readout automatlc balance. The bulk speclf lc aravlty of

fhe more open graded base samples ras obtalned uslng

paraffln In accordance rlth ASTM Mefhod D llBB (2n.
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The Marshal I sfabt I lty ( lbs.l ano flow (0.0,l Inch) of
each core layer tras determlned In accordance wlth AsrM

Method D 1559 (22). The maxlmum stress In pounds per

square Inch (psl) l{as fhen calculated. Thls value was

taken to be equal to the Marshal I stabt I lty dlvlded by the

cross-sectioned area of the speclmen. The Marshal I modul us

(Em) rvas calculated by dlvldlng the stress by the stratn af
maxlmum load. lt ls noted that fhe flow was taken to be at
the polnt of maxlmum load as determlned f rom the strlp
chart recorder prlntouf from the Marshal I test apparafus.

Next, the core specimens rere heated to 250 F untl I

soff enough to break apart rifh a trorel. The loose

asphalt mlxture was then tested for lts maxlmum speclf lc
gravlty In accordance wlfh AsrM Method D 2041 (zz) except

as noted be I orr. The AsrM procedure was mod I f I ed by us I ng a

wettlng agenf, Aersol 0T, ln fhe dealred dlsfllred rater.
The asphalt mlxfure was covered rlth water in a one-half

gal lon pycnometer and dealred for 15 mlnutes uslng a wafer

aspirafor. Thls devlce pul led a vacuum of about 26 Inches

of mercury. Care ras €x€rcised In removlng al I of the air
bubbles from lnslde the glass pycnometer prlor to taking
the f Inal relght of fhe asphalt mlxture In rater. A water

temperature of 77 F was malntained durlng the maxlmum

speclflc gravlty test.
The asphalt mixture ras then placed ln a pan and the

excess water removed. The mlxture ras drled to a constant

weight at 212 F before startlng the extraction test. The
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amount of asphalt ln each core speclmen was determlned by

extractlon in accordance wlth AsrM Method D zlTz (zz).

Bofh Method A (rotarex) and Method B (refl ux) were used.

The solvent used tras lrlrl rrichloroethane, tachnlcal
grade. The amounf of ash ln fhe effluenf ras determtned by

centrlfuglng.

The mechan I ca I ana I ys I s of the extracfed aggregafe rras

performed tn accordance wlth AASHTO Mefhod r3o (5g). The

aggregate vas soaked overntght In wafer rlth 5 percent

calgon added prlor fo rashlng over the number 2oo sleve.
The materlal rYas oven drled and relghed to determine fhe

amount of mlnus No. 200 materlal. The extracfed aggregafe

ras then sleved o!/er the follorlng sleves: 1.5,r, l.1Zn,
l.0rr, 0.75n,0.50r, 0.59n, 14t #10, l2O, #40, fgO, and

tzoo. The total percent materlal passlng each steve was

calculated.

A volds analysls for each cor€ layer tested ras

performed. The amounf of al r volds, volds ln thE mlnerat

aggregafe, and volds fll led rlfh asphalt (Vf) uas

calculafed on the basls of aggregafe effectlve speclflc
grav Ify. OthErr I se the procedure of rhe Asphal t I nst I tute
Ms-2 (15) ras followed. The vf p6rcenfage uas calculated
by faklng the dltterenca between the VMA and fhe AV,

multlplylng by 100, and dlvtdlng by the VMA.

Marshal I I aboratory mlx deslgns w€r€ prepared usl ng

these fypes of generlc aggregate: I lmesfone, sandsfone,

grave I , and syen I te. The aggregate gradat I ons used I{ere
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slml I ar fo the cored job mlx deslgns. A Tosco Ac-30 pav lng

grade asphalt ras used In al I of the laborafory mlxtures.

The laborafory samples trere tested ln the same manner as

the pavement core samples. These data yll I be used to
rel afe the I aboratory test results (of the orlglnal mlx

deslgns) and to estlmate the Inlflal rest I lenf modul us ot

the pavement m lxfure.



CHAPTER I V

TEST RESULTS AND D I SCUSS I ON

The pavement core samp I es were tested I n the

laborafory to obfaln thelr physlcal characferlstlcs. These

characferlsflcs lncl ude: layer thlckness, total helghf of

asphalt bound materlals, reslllent modulus, bulk specif lc
gravlfy, Marshall stabl llty and f lor, maxlmum mlxf ure

specl f ic grav Ity, asphal f content and aggregate gradafl on.

For mosf of the sltes, frlpl lcate samples rere fested, one

sample belng taken from each rheel path and fhe thlrd
sample f rom between the rheel paths. The layer fhlckness

for al I nlne cores at each slte yas determlned. The

laboratory molded speclmens rere fested in trlpl lcate.

The dynaflect tests were repeafed at slx polnts along

each path and befreen fhe rheel paths. These slx sefs of

deflecflon readlngs rere taken af the same cross sectlon,

as prevlously shorn ln FIgure 2. The maxlmum rut depfh ln
each yheel pafh ras measured at 4 cross secflons.

The Mays meter rldeabl I lty val ue yas taken for a hal f

mlle on elfher slde of the test slte. The SN40 skld

reslsfance val uE xas measured In the vlclnlty of each tesf
slte. A pavemenf condltlon eval uaflon ras al so performed

af each slfe. The fteld tests were lnltlal ly performed In

1982 wlth the dynaflect and ruf depth measurement belng

repeated In 1985.

39
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Pavement Surf ace Evaluatlgn

lncluded In Table lv are the pavemenf condlflon Ratlng
(PCR), Mays mefer Rideabl I lty, skld number at 40 MpH

( SN40 ), Crack Rafl ng and Rut Depfhs. The youngest

pavemenf, Bf slte 4, had the best PCR af 96 percent rtth a

Mays val ue of 99 percent. The ll{P rut depth at sl fe 4 ras

2/52 In., wlth no measureable rut depth ln fhe Ot{p. Slte
15 had the lowest PCR value at 53 percent, wlth a Mays

value of 50 percent. The average rut depth af thls slte
was 7/32 In. The slte uas ov€rlayed after the lgaz fleld
fests uere comp I efed.

The degree ol cracklng shorn In Table lV ras based

upon the AASH0 Road Test (3,20) classlf lcaf lon system.

Tlme did not permlt fhe measurement of fhe amount of

cracking and the classlflctlons are, fherefore, based upon

the vlsual appearance of the pavemenf ln fhe fest slte
area. The most severe cracklng uas observed at sltes 12,

14, ?8, and 35. No cracklng ras observed at sltes l, 21 4,

5,6,8, 10, 24r 29,37, and 38. Regresslon analyses to
defermlne the best fltted equaflon and coefflclEnf of

correl atlon (R) of the val ues ln Table lV yere performed.

Crack cl assl f lcatlon rel ated fo fhe maxlmum rut depth

Indlcafed a seml-logarlfhmlc r€laf lonshlp wlth an R value

of 0 .556.

Pavement roughnessr os measured by the Mays meter,

ranged from 22 percenf af slte 5 to 99 percent at slte 4.

A Mays readlng of 100 percent lndlcates a very smooth
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TABLE IV PAVEMENT SURFACE EVALUATION

Slfe
No-

R-S PCR
I

MAYS
4

SKID
sN40

CRACKS
CI A.q S

1

2

3

4

5

6

7

8

9

10

11

12

l5

14

15

t6

17

t8

19

20

21

22

23

65-15

65-1 5

71-17

71-17

71-r6B

71-t6B

71-16

7 1-19

271-1

71-13

71-14

22-3

65-1 2A

65-1 2A

167-12

70-9

30-22

30-1 2

71-l

7 1-2

82-2

7-2

167-2

68

68

87

97

72

72

69

86

53

8J

69

73

76

76

57

84

9t

90

85

86

86

86

89

60

60

87

99

22

44

65

90

44

88

78

68

63

47

50

9t

88

78

75

71

80

73

85

44

46

39

33

55

29

52

60

51

54

50

55

53

40

59

59

49

51

50

55

51

0

0

l.g
0

0

0

0.4

0

2.0

0

0.8

2.8

t.8

2.8

2.2

I.0
0.8

0.6

1.8

1.0

1.8

1.6

0.8

12

16

6

2

34

14

9

7

1l

9

6

6

9

7

6

7

t0

10

I
1l

9

10

9

14

14

7

0

36

22

6

6

9

6

l6

5

7

4

I
4

5

5

3

t0

I
12

5
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TABLE I V PAVEMENT SURFAcE EVALUAT I ON ( Conc I uded )

Slte
No^

R-S PCR
I

MAYS
I

SKID
sN40

CRACKS
CL ASS

RUT DEPTH
twP 0l{P

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

167-5

8l -6

65-20

65-r I
82-1 1

55-t I

7 0-8

l-8
1-9

49-9

64-13

64-14

49-3

7 9-6

7 9-6

71

74

80

93

8t

81

73

8t

86

9t

80

8l

8'

86

86

56

66

80

90

80

78

76

86

90

88

90

82

84

75

72

45

46

49

44

43

44

54

40

49

,9

49

59

42

45

47

0

0.8

1.8

0.2

2.4

0

2.0

1.4

1.0

1.6

1.4

2.4

0.6

0

0

14

7

12

I
6

t6

4

1

8

9

5

4

6

17

18

25

I
10

8

9

15

3

2

9

9

1

I

7

t0

12

Note: Rut Depths ln l/32 Inch
Cracks Based 0n AASHO Def Inltlon
PCR = Pavemenf Condltlon Raflng
MAYS ; Uays Meter, I OO, = Smooihest Road
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pavement. The besf corre I af I on of Mays va I ues ras w I th

maxlmum ruf depfhs, havlng a seml-logarifhmlc relatlonshlp
rlth an R value of 0.704. The Mays values atso had a

I lnear relatlonship wlth PcR valuos, havlng an R of 0.506.

The skld numbers shown ln Table lv range lron 29 af
slte I to 60 at slte lo. These skld numbers may be useful
to compare pavement surfaces to lndlcate the degree of

aggregate pol lsh or the rlchness of fhe surface mtx. The

sN40 values f or the sltes rhlch yrere skld tesfed on HRp ig
(21', are compared belor rlth fhe sN40 values of rable lv.
These val ues, by slte number, are: 13, 2O vs 39i ,lO, 53

vs 60; 111r 34 vs 51i 116,51 vs 40; llg, 46 vs 49;

#20, 43 vs 51; 121, 37 vs 50i and l3O, 35 vs 54. The

pavemenf sufaces ars unchanged for sl tes I 0, I I , 16, 19,

and 20. 0n the averag6, the skld number of these flve
sltes Increased by 5 polnts. Slnce the skld fests of HRp

58 Here performed, slfes 3r 21 and 30 have been overlayed.

Pavemenll ayer Descr I pt I on

The pavement layer descrlptlon and aggregate

composltlon for each slte are shorn ln Table v. The 9 core

samples taken at each sltE u6re evaluafed ln the laboratory
to defermlne fhe type of asphalt mlxture In each layer and

thE classlflcaflon of fhe mlneral aggregate.

At sltes where the Job pl ans Here aval I able, the

planned appl lcaflon rafes for each layer are glven ln Table

V. ln some cases, the plans lndlcated the exlstlng
pavement structure whlch ls also shorn as part of rable v.
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A maxlmum of 6 pavement layers are recorded, horever not

all of these maferlals were obtalned In fhe cortng

operatlon as the corlng was stopped af the bottom of the

I ast asphal f bound I ayer. The footnofes to Tab I e V

lndicate the abbrevlaflon used ln fhe fable.
The types of aggregate rere posltlvely identlfled

after fhe extractlon tesf. ln additlon, the fype of

asphalt mlxfure ras confirmed from fhe sleve analysls of

fhe exfracted aggregate. The blnder layer ras general ly of

the same aggregafe source as fhe surface layer, and af

sltes havlng no asphalt base the mlneral aggregate shorn ln
Table V as base ls the aggregate fype found ln the blnder

layer. The pavement layer descrlpflon rlll be used later
to cl assl fy each slte as fo type of constructlon. The

dlsfrlbutlon of types of mlneral aggregate Included tn the

surface layer of fhe 58 test sltes are: LS (10), SS (7t,

GVL (5), NS (ll), and NOV (5).

lhyslcal Properf Ies of Core Layere

The physlcal propertles of the surface I ayers ars

shorn In Table Vl. The averag€ measured characferlstlcs of

each cor6 layer are as follors: reslllent modulus;

Marshal I modul us, stabl I lty and flow; bulk speciflc
gravlty; maxlmum speclflc gravlfy; asphalf contenf; alr
volds; and volds ln the mlneral aggregate. The Marshal I

stabll lty values In fhls report ars glven ln pounds per

square lnch (psl ). Standard Marshal I stabl I lfy speclmens

are nomlnal ly 4 In. ln dlameter and 2.5 In. thlck and thelr
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stablllty value ls expressed ln pounds. Thus the tabulated

stabl I ity val ues need to be multlpl Ied by a factor of lo to
estlmafe thelr stablllty ln pounds.

The relatlonshlp of the resl I lenf modul us fo the volds

fll led wlfh asphalt is shown In Flgure 4. The best fltted
equaflon Indlcated a seml-logarlthmlc relaflonship wlth fhe

MR decreaslng as the vf lncreases, and an R value of 0.631 .

A I lnear relaflonship betreen MR and Marshal I stabt I lty Is

shoun ln Flgure 5. The MR value Increases rlth an lncrease

In Marshal I stabl I lfy. An R value of 0.661 ras obtalned.

The relatlonship befreen tr{R and alr volds ls shorn ln
Fl gure 6. The best f Itted curve uas a I og- t og f unct I on

havlng an R val ue of 0.686. Thls plot Indlcates an

lncrease In MR rlth an Increase in AV.

Flgure 7 ls a plot of the relaflonshlp between ll{p ruf
depfh and alr volds. A log-log relaflonship gave the best

f Itted equaf Ion w Ith an R value of 0.621. The rut depf h

decreased wlth an Increase in alr volds.

The average rut depth for al I 58 test stfes uas g/32

ln. Sltes 1r 2r 5r 6, and 24 had rut depths that were much

larger fhan the average, posslbly due fo plasflc flow of

the asphalt materlal. 0n the averag€, the Il{P ruts yere

sllghtly greater than the Ot{P ruts. l{hen the sltes rere
grouped by fype of constructlon and the 5 slfes that may

have plastlc flor are dlscountedr on lnterestlng pattern of

average rut depths appears. For ACHM over granul ar base

fhe Il{P rut ras 7/32 ln. and the Ol{P vas 6/32 tn. For ACHM
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over ABC the ll{P rut ras g/32 ln. and the Ol{p ruf rras i/32
I n. The ACHM over PCC type construct r on had equa r rl{p and

Ol{P rufs at 10/32 ln. Thls Indrcafes that maxlmum rutting
wl I I occur In fhe asphalt pavement where fhe subgrade

support is greatesf .

There ras a falrly good relatlonshlp (R = 0.554)

obtained between the cracklng lndex and the maxlmum rut
depth. The seml-logarlthmlc equation relating the two

quantlties ls:
Rut Depf h = 9.39 - 6.5 t tog Crack lndex

Where: ruf depth = 1/32 ln.

crack lndex = class, range 0.1 to 5

The equafion lndlcates that as the degree of cracklng

increases the rut depth decreases. The mlx stabl I Ity and

flow, asphalt cement prop€rtles, subgrade support facfors,
and traff Ic al so I nf I uence rutfl ng and crackl ng. Thel r

confr I but i ons to the rel at I onsh I p betueen crack I ng and

ruft I ng need fo be eval uafed.

For nlne test sltes the top surface layer was an

overlay over an exlsflng asphalt pavement. Table Vll
contalns the physlcal propertles of these ol der surface

layers found at slfes 21r 23r 25r 50, 31r 32,34r 35, and

38.

The rel aflonshlp between volds ln the mlneral

aggregafe and alr volds for the 45 surface layers of Tables

Vl and Vl I ls shown In Flgure 8. The best fltted equatlon

tvas llnear, lndlcatlng an Increase ln vMA rlth lncreaslng
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AV. The R va I ue ras O .942.
A very good re I af I onsh i p was obta I ned for the 56

surface layers befween volds fll led and alr volds as shown

in Flgure 9. Thls I inear retatlonshlp had an R val ue of
0.974. The volds fllted Increased rlth a decrease ln alr
volds.

FIgure l0 presenfs the relatlonshlp between MR and

Marshal I modulus for fhe 45 surface layers of rables vl and

vll. The best fltfed equatlon gave a llnear relatlonshlp
wlfh an R value of 0.699. The MR value Increases wlfh an

increase In Em.

It Is noted that affer the corlng operatlon ras

complefe, overlays rere placed af the follorlng sltes: 3,
5, 6, 9, 15, 25, and 29. ln addttlon, sites I and Z rere
rehablllfafed by ln-place rscycllng wlfh addltton of a

planf mlx seal surfac6. A seal coaf ras also placed over
s I te s 28 and 35. Th I s over I ay, reconsfruct I on and

malnfalnance rork may lndlcate that the pavemenfs at these

sItes had reached thelr termlnal servlceablllty. An

eval uatlon of traff lc carrled and fhe physlcal

characferlstlcs of the pavement may lndlcate posslble

changes ln fhe asphalt mlxture composlflon to lncrease

servlce I lfe.
Physlcal propertles of the blnder layers ar6 reported

ln Table vlll. No tesfs were performed on a blnder layer
for sltes 16, 18, 23r 25r i0, 31, and 32 for reasons

indlcated ln the table. A blnder mtxfure may have
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aggr.gafe up to r.0 In. tn srze, rhrch generar ry resurfs
ln a lorer asphalt contenf than found ln the surface
mlxture. The asphart contenf of thase binder mrxfures
ranged f rom 4.0 fo 5.5 percenf.

Table lX contalns the results of the physlcal
properfles of the asphart base course. A tofar of rg srtes
had an asphalt base course. Asphalf cont6nt of these ABc

courses ranged tron 2.7 to 4,1 percenf. lt ls nofed thaf
four slfes rere constructed rlth an open graded ABc, rlth
aggregate up to 2.5 In. ln dlamefer. These slfes rere i,
6, 17, and 29. Thrs base materrar ras not tested. srte 27

also had an open graded ABC mlxture on top of an A0HH

pavemenf rhlch ras not fesfed. As a matter of r€cord for
slte 27, the flfth layer descrlptlon ln Table v lndlcates
ACHM. Thls rayer ras constructed as Job No. 2626 In l962,
and conslsted of a surface and blnder overlay over pcc. lf
may be presumed thaf f h I s AcHr,r I ayer had reached t ts
termlnal servlceabl I Ity ln l97E rhen the presenf surface
ras consfructed. A slmllar sltuatlon rlth old asphalt
pavement over PCC concrete ls nofed for sltEs lr 5, and 6.

The averagc layer thrckness and av€rage resil rent
modulus tesf results for al I pavenent layers aro shorn ln
Table Al ln the appendtx. The surface layer MR ranged from
151,000 psl at slte l7 to 667,000 psl at stte 12. The

hlghest ayerage MR measured ras 8l2,o0o psl for layer z ol
slte 28. Thls blnder mlxture ras taken from the oldest
pavement sampled and ras about 2f y€ars old.
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The thrckness of the surface rayers reporfed rn Tabre
Al ranged from 0.99 In. lo Z.g2 In. rlth an average
thlckness of r.67 rn. The surfaca rayer fhickness at srtes
17,18, 27, and 29 lnclude a 50 psy plant mtx seal.

one ar6a or the MR fest resurts thaf needs further
sfudy ls the effect of speclmen thlckness on the measured
MR val ues. The Retslna dev lcE used to measure MR val ues

was deslgned fo accomodafe speclmen thlcknesses from 1.5 to
5 ln. surface layers from lz sltes rere ress than 1.5 rn.
thlck, and 7 blnder layers r€re also ress than r.5 rn.
fhlck. The effecf of thls devlatlon ln thlckness upon

resl I lent modul us readlngs ls unknorn.

Pavemenf Clacclf lcatlon. Thlcknecs and Def lectton
The average thlckness of fhe asphalt pavement and the

average Dynaflect deflectlons for all sltes are shorn In
Table x. The pavement deflectlon ls a functlon of the
subbase and subgrade support and the pavement sfructure.
Each slte Is ldentlfled by lts type of consfructton ln
Table X.

The type of consfructlon cl assl f lcatl on I s based on

fhe subgrade support factors. Type xt pavements are AcHM

placed oy€r a granular bas6. Type X2 pavements are

overlayed type xl pavements. The average fhlckness of the
nlne type x pavements ras i,4 ln. Type yl pavements are
ACHM placed ov€r ABC, rhl le fype yZ pavemenfs are overlayed
type Yl pavements. The av€rage thlckness of the 17 type y

pavements ras ll.5 ln. Type z pavements rere supported by
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TABLE X DYNAFLECT DEFLECTIONS ANO TOTAL PAVEMENT THICKNESS

SIte R-S Type
Consf-

ACHM
lneh

le fR x U *
No- f)? D] o4 D5

I

2

3

4

5

6

7

I
9

l0

1l

t2

tl
l4

t,
r6

t7

l8

l9

20

21

22

23

Z3

Y2

YI

YI

z3

z3

z3

YI

z3

YI

z1

z1

Y1

YI

YI

x2

z2

z2

x2

Y2

x2

YI

Y2

9.9

12.7

I 4.7

17 .6

8.5

9.6

9.4

14.2

9.3

9.2

4.7

3.1

1 2.0

I1.8

I 0.9

3.8

9.5

5.7

7.4

9.2

I 0.9

8.5

9.7

56

59

52

33

40

32

40

42

6l

54

57

70

58

63

90

46

24

57

4l

46

94

90

55

34

53

45

50

34

26

25

32

45

37

46

32

50

54

76

24

20

35

29

36

86

68

47

29

41

34

24

23

17

l4

20

26

t9

33

r0

35

37

52

I
l4

29

16

21

72

44

32

26

34

28

22

l8

l5

I
l4

14

12

23

5

27

28

58

5

l3

27

12

t5

59

32

23

23

27

23

20

13

r0

6

l1

9

9

17

4

20

21

29

4

t2

24

9

t2

51

26

r8

65-1 5

65-r 5

7 1-17

7 1-17

71- 1 68

7l-l6B

7 1-16

7l-r9
271-l

7 1-13

7t-14

22-3

65-t 2A

65-1 2A

167-12

7 0-9

30-22

30-t 2

7 1-l

7t-2

82-2

7-2

167-2
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DYNAFLECT DEFLECT I ONS AND TOTAL PAVEMENT TH I CKNESS
( Conc I uded )

S I fe R- S Type ACHM D f Readln (mtls x 100)*

24

25

26

27

28

29

50

3l

32

33

34

15

56

37

58

Y2

xt

zt

z3

x2

z2

xl

x2

x2

xl

YI

YI

Y2

YI

YI

12.2

5.2

4.4

9.9

l.t
9.9

5.6

5.1

4.0

3.3

I I .5

r 0.8

7.2

11 .2

t5.I

38

126

74

52

t46

36

107

115

87

94

98

r19

79

75

73

34

98

71

47

104

35

60

86

68

65

74

89

62

66

65

26

67

65

40

7'

3t

24

56

49

4t

50

54

40

5t

49

22

48

55

35

64

JO

r3

40

59

3t

33

37

28

4l

39

20

36

49

5r

55

29

I
32

32

25

24

24

23

35

32

167-3

8r-6

65-20

65- r I
82-1 1

55-1 1

7 0-8

l-8

t-9

49-9

64-1 3

64-1 4

49-3

7 9-6

79-6

Nofe: Type of construcflon Reflects Base supporf Factors.
xl = ACHM 0ver Granutar Base, xz = ACHM 0ver Asphalt p"r"r"ni
Yl = ACHM Over Asphalt Base, yz = Type yl 0ver Asphalt pavement

z1 = ACHM Over PCC Pavenant, zz = Type yr Over pcc pavement

Z3 = Type Y2 Over PCC Pavement

r I MII = l/t000 tnch
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an underlylng layer of pCC pavemenf. Type Zl pavement tras

ACHM placed over PCc pavement, and each sufftx to the Z

I etter I nd I cates anofher AcHM I ayer. The average th I ckness

of the 12 type Z pavements ras 7.8 ln.
No partlcul ar slgn I f lcance ts pl aced on fhe fypE of

consfructlon classlflcatlon at thls tlme. The pavemenf

types may be analyzed for thelr fleld performance by

grouping them lnfo the above classlf lcattons. A llke
analysls may be performed based on trafflc classtflcatlon,
rut depth, r€sl I Ient modul us, alr volds, pavement condlflon
rat I ng or performanca.

The averago Dl deflectlons by type of constructlon
are: X, 0.95 mlls; Y, 0.66 mllsi and Z, 0.47 mlls. The

pavement fhlckness ranged from 3.1 ln. at slte 2g fo 17.6

ln. af slfe 4. The maxlmum deflectlon of 146 (0.00146 ln. )

ras obf a I ned af s lte 28, r lf h the srnat lest def lect I on of 24

(0.00024 ln. ) belng recorded af slfe 17. sensor Dl ls
under fhe load rhlle sensor D5 ls 4 ff. from the load. The

greatest daflectlon at D5 ras 5l for slte 29, rlth fhe

mlnlmum D5 deflecflon of 4 belng recorded at stfes 12 and

16.

Appl lcatlon of el astlc I ayer theory al ong r lth
computer analysls may expl aln fhe rel aflonshlp betreen

def lectlon and pavemenf thlckness for the dlfferenf types

of constructIon. Llkerlse, the analysts to defermlne the

stresses (and stralns) developed ln fhe asphalt layers may

explaln the relaflonshlp befreen fatlgue and the resultlng
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crack deve I opment ( I j, 1 4, 33, 34) . The magn I tude of the
pavemenf defrectrons that rere obtarned rndrcated no

slgntf lcant rer atronship wrth pavement performance or
measured pavement characterlstlcs.
Aggregafe Gradat I ons

The averag€ aggregate gradatrons from the exfracfed
cores are shorn ln Table A2 ln the appendlx. The g5

gradatlons shorn rvere obtalned from about zE5 extractlons
of core layers. The type of mrnerar aggregate used and the
constructlon Job No. ls also shorn tn the table. The

average gradatlon for each type ol mlxture ts shorn at fhe
end of rable A2. The generat dlstrlbuflon of the types of
mlxfures extracted by number and maxlmum partlcle slze ras:
type 5 surface (-0.5 In. ), r4; type 2 surface (-0.75 in. ),
32i blnder (-1.0 ln. ), 3Zi basE (-1.12 tn. ), 5i and base
(1.5 in.), 12.

It ras observed durlng the sleve analysls that some ot
the larger aggregate parttcles shored slgns of belng sared

by the core blf. The process of taklng the pavem€nt cores
rlth the 4 ln. dlameter core blt caused a degradaflon of
the aggregafe. The true degradatron of the aggregate due

fo corlng Is unknorn. Horever, the comparlson of aval I able

Job mlx gradatlons:lfh the extracted gradatlons Indtcate
that fhe corlng operatlon may have Increased the p€rcentage

passlng fhe coarser sleves tron Z to 5 percenf. The

degradatlon of aggregate due fo corl ng al so resulted I n

dlfferent maxlmum mlxfure spectf lc aravtfles befreen core
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samples from fhe same slte.

As suggested earr rer, to compare varrous pavement mrx
parameters fhe dafa may be sorted tnfo drtferenf groups.
Thls procedure rilr permrt the evaruafron of m€anrngfur
relatlonshlps befreen the asphalt mlxfure charactertsflcs
and the performance of the pavement. posslble dlvlsions of
data may be as for rors: a) drvrde pavements rnto groups
based upon the prev rous r y descr r bed fypes of construcf I on,
x, Y and z; b) drvrde tnto groups based upon a traff tc
classlflcation of: llght, medrum and heavy; or c) dtvrde
Into groups based upon measured pavemenf performance, such

Ets, good, av€rago and poor.

Prel Imlnary Invesfrgatron of the possrbre grouprng of
dafa lndlcafed fhat the basf approach rould be a dlvlslon
of test sltes rnto groups based upon fherr performance. A

dlvlslon of srfes ras made based upon condrtron rafrng and

the Mays rldeabil lfy values ln relatlon fo fhe total number

of EAL ts. Pavemenf srtes r rth a h rgh rafro of EALrs to
decrease ln l{ays rrdeabl rrfy (dMay) rere crassed as good.

The best performlng ten slfes rera: 5, 4, g, 10, 26, 21,

.28r 33r 31, and 56. These slfes had an averag. of l0O2

EALts (x1000) rlth a dMay from t00 fo g7.6, gtvlng a ratto
of 81. sltes rlfh a lor ratlo of EALrs to decrease in Mays

rldeablllty rer€ classed as poor. The loresf performlng
fen sltes rere: l, 2r 5r 6, g, l5r 22r 24r 25 and 50.

These l0 sltes had an average of 560 EALrs (x1000) rlth a
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dMay from ,'00 to 55.1 for a ratlo of lZ. SItes I l, t7 and

29 rere deleted from this anatysrs because of varrabr r tty
of the test data obtarned af these srtes. The i3 sifes
remainlng, Includlng bofh good and bad sltes, had an

average of 1054 EALts (xr000) rrth a dMay from lo0 to 72.2
glving a ratlo of 58.

Asphart mrxture properfres found to have srgnrfrcant
rel at I onsh I p r Ith pavement ruff i ng and crackl ng I ncl ude:
resl I Ient modulus, alr volds and stabl I Ity. Mays mefer
val ues rere al so found to be rel ated to pavemenf rutf I ng

and cracklng. steprlse I lnear regresslon ras used to
determlne the best flfted equatlon for each dependent

varlable and fhelr relaflonship rlth other mlx

ch aracter I st I cs and performance parameters. The data
analysls ras performed on the unlverslty of Arkansas IBM

360/37 0 computer usl ng the cMs/sAs system. The slx best
I lnear equatlons fhaf fol tor are based upon the pavemenf

surface evaluatlon and surface tayer propertles prevlously
presenfed for the ii sltes of thls group.

Mays meter (Ml,t) varue ras af f ecfed by the amounf of
rutt I ng and crack I ng as g I ven by eq uat I on I .

(EQ l) MH = 104.9 - Z.Z5 RUT - 8.07 Cl

rhere: RUT = ruf depfh, 1/32 lnch

Cl = cracklng lndex, class
A rut depth of 10/32 In. and crack Index of r.o rourd
I nd lcafe a Mays meter val ue of 74.i. The coeff lcl ent of
defermlnatlon, R square, ls 0.605 and the sfandard error of
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estlmate (RMSE) ls 1l.Z percent MM.

The crack rndex (cr ) was rer ated to rut depth, average

alr volds and resl I ient modul us as shown by eguafton z.
(EQ 2) Ct = -0.171 + 0.00257 MR + 0.213 AAV _ 0.0t55 RUT

where: MR = resl I tent modul us, psl x 1000

AAV = average air volds, percent

RUT = rut depth, 1/32 lnch

An MR of 500,000 psl, AAV of 5 percenf, and a RUT of 1o/32

ln. would give a crack lndex of l.r. R square equals 0.472
r I th a RMSE va I ue of 0.69 Cl for fh I s eq uat I on.

The resillent modulus (MR) relaf Ionshlp fo Harshall

stabl I lty, flow and volds fll led Is glven in equatlon 3.
(EQ 5) MR = ll38 + 1.73 STAB - ZA.7 FLO|{ - 9.0 vF

where: STAB = Marshal I sfabl I Ify, psl

FL0W = Marshal I flor, 1/lA0 inch

VF = volds fllled, percent

Wlth a Marshal I stabll lty of li00 pounds, flor of g and

volds fllled of 80 percent, the resll Ienf modulus rould
equal 448,000 psl. R square equal s 0.651 rlth a RMSE of

80.E or 80,800 psl MR.

The av€rage alr vold (AAV) content ras found to be

related to Marshal I sfabl I lty and vMA as shown In equatlon 4

(EQ 4) AAV = -8.49 + 0.00925 STAB + 0.624 Vt{A

where: STAB = Marshal I stabl I lty, psl

VMA = volds ln mlneral aggregate, percent

|{Ifh a Marshal I stabl I lty of 1500 pounds and a vMA of 15

percent, fhe alr volds equal 2.3 percsnt. R square equals
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0.808 rith a RMSE of 0.65 percent AAV.

The average arr voids rere arso found fo be related to
VMA and percentage asphalf as shorn In equatlon 5.

(EQ 5) AAV = -1.91 + l.l5 vMA - 2.28 pAc

rhere: VMA = volds ln mlneral aggregate, percent

PAC = asphal t content, percenf
For a mlxture rrth a vMA of 15 percent and 5.1 percenf
asphalt, the alr volds are 5.4 percenf. R square equal s

0.968 wlth a RMSE of 0.26 percent AAV.

Marshal I sfabl I lty (STAB) ts rel afed fo rest I ient
modulus and f lor In equatlon 6.

(EQ 6) STAB = -26.2 + 12.0 FLOW + O.ZO7 MR

where: FL0l{ = Marshall f lov, 1/1OO lnch

MR = resl I lent modul us, psl x lO0O

with a flor of 9 and MR of zTo,ooo psr the Marshal r

sfabl I Ity would be 158 psl of ligo pounds. R square equals
0.690 rlth a RMSE of Zg.g or 2gg pounds STAB.

The coeff lclent of corret atlon for equatlons I through
6 rere found fo be hrghly srgnr frcanf. Lrker rse, the
regresslon equatlons shorn on Flgures 4, 5, 6,7r g, g, and

l0 had coeff lclenfs of correl atlons fhaf rere found fo be

hlghly slgnlflcant. lf ls also nofed thaf the sfandard
error of estlmate ls glven for each best fltted equatlon
shorn on each flgure. For ploftlng purposes the 95 percent

conf ldence llmlts rere Infentlonally left of f the f Igures.
The approxlmate 95 percent conf ldence I nterval may be

easlly obf alned by uslng as llmlts the y value plus a.nd
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m I n us two t i mes the sfandard error of esf I mate.

0f partlcular rnterest Is the performance and mlx

characterlstlcs of the AcHM pavemenfs grouped by: al r 33

sltes, 10 good sltes and l0 poor sltes. These values are
shown ln Table xl. The comparlson of mlx characterlstlcs
befween good and poor pavement sltes needs to be pref lxed

vlfh fhe understandlng fhat most of the test slfes rere
wel I deslgned and construcfed AcHM pavements. some of fhe
trpoorerr pavemenfs may ln fact lndlcate befter mlx

characfer I st I cs I n som€ respects fhan the rgoodr pavemenfs.

The relationshlp betreen some of the dlfferent
varlables may be vlsuallzed tn conjunctlon rlth the graphs

prasented ln Figures 4 through 10. Thus, the range in mlx

characferlstlcs that lndlcated good performance Incl ude:

alr volds, 2 to 5 percent; votds fll led, 75 to g5 percenf;
volds In the mlneral aggregate, lj to l5 percent; Marshall

modulus, 6000 psl mlnlmum; and Marshal I stabll lty, 160 psl

mlnlmum. The data also lndlcates that rlth fhe above

mlxture characterlstlcs a ruf depfh of g/32 ln. and a crack

lndex of less than 1.0 may be expected.

As an example of uslng the Marshal I tesf data to
estlmate pavement performance, asssume an Inpl ace asphalt
mlxfure placed on a wel I deslgned and consfrucfed base rlth
fhe fol lowlng physlcal characterlstlcs: Marshal I stabi I lty
1600 pounds, f lov of 'l 0, alr volds of j percenf and asphalt
confenf of 5.2 percent. From the equatlon of Flgure g, the

volds fll led ls 82 percent; from equaflon 5, the VMA ls
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TABLE XI AVERAGE TEST VALUES BY GROUP

No.

t.

2.

3.

4.

5.

6.

7,

8.

9.

r0.

lt.

7 ?.2

r 0.6

t.,
376

2.4

6.8

r8,

r 4.6

5.4

I r.1

1 054

87 .6

7.5

1.0

404

2.4

7.2

192

r 4.8

5.4

10.9

1 002

55 .1

15 .6

0.9

305

2.1

6.0

r65

r 4.8

5.5

t0.7

560

r Dust Raf I o I mlnus t2OO dlvlded by percent Asphalf

I tem lD. Unlts

Mays Val ue

Rut Depth

Crack I ndex

Resl I lent Modul us

Average AI r Vol ds

Marshal I Modul us

Marshall Stablltty

Volds ln Mln. Agg.

Asphalt Content

Marshal I Fl or

Acc. l8K Axles

*

MM

RUT

ct

MR

AAV

EM

STAB

VMA

PAC

FL OH

EAL

,
t/32 tn.

class

1 000ps I

t
I 000ps I

PSI

I
I

l/100 in.

No. x I 000
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14.8 percent; from equatlon 3, the MR ls j90,O0O psl; from
fhe equatlon of FIgure 7 the ruf depfh ls 7/32 Inch; f rom

equaf Ion 2, the crack tndex rs r.4 and f rom equatron r the
Mays Mefer rrdeabr r rty ls 79 percent. usrng the rafro of
EAL fo dMays of gr (for a good pavement), fhen a fofar of
1,700,000 EALts wourd cause a reductton rn the rrdeabr r Ity
from 100 to 79 percenf.

Lahorafor)L Ml-f ures

Laborafory specrmens were prepared usrng the Marshar r

method of mordrng and testrng In accordance rrth AsrM D

1559 (22). The raboratory mrxfures rere srmr r rar in
gradatron to the asphart pavement cores. Ar r specrmen were
mol ded uslng a srngte source Ac-50 vlscosrfy graded asphart
cement. Generic aggregate types used ln these mlxfures
i ncl ude: I Imestone, sandstone, syen I te and gravel .

Mlxtures were prepared ustng three drf ferenf aggregafe
gradatlon r Imtfs: Mrx A ras an Arkansas type 2 surface mrx
(-3/4'top srze), Mrx B ras an Arkansas type 2 brnder mrx
(-l " top slze) and Mrx c ras a base mrx (-r .5n top srze).

Tests performed on these r aboratory m rxfures r ncr ude:
compacfad bul k specl f lc grav ity (AsrM D zl26) , maxtmum

mlxfure sp6clflc aravtfy (AsrM D zo4r), resrtrent modurus,
and Marshal I stabr r rty and fror. vords anarysrs ras
performed as per the procedure glven tn fhe Asphalt
lnsfltute MS-2 (i9). The aggregafe effecftve specr f Ic
gravlty ras used In calculaflng alr volds and volds In the
mlneral aggregate. Trrpr rcate specrmen were prepared for
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each asphalt confent and the test resulfs are summarlzed

for 78 sets of laborafory sampres In Tabre Br tn fhe
append I x.

Stepw i se r I near regress t on of fhe test resur ts ras
used fo obtaln the relatlonshlps befreen resl I Ient modulus

and fhe ofher physlcal propertles of the laboratory molded

samples, Siglnlf icanf relatlonships rere obtatned betreen
fhe reslllenf modulus (MR), Marshall stablllfy (srAB),

Marshal I flor (FLOtI), asphalt content (AC) and alr volds
(AV). The regression analysls coeff lclent ol
defermlnatlon, R sguare, ranged from 0.59 to 0.9g rlfh
var I ous comb I nat I ons of test resul ts.

The best fltted equatron (EQ 7) usrng ar r 7g dafa
polnts for the surface, blnder and base mlxtures, Is:

MR = 598 + 0.E56 STAB - 92.7 AC -1t.6 AV

Thls equaflon lndlcafes that resl I Ient modut us lncreases
r Ifh stab i I Ity and decreases r lth asphal t contenf and a I r
volds. wlth a stabtl lty of 195 psl, asphalf content of 4.E

and alr volds of 5.8 a reslllent modulus valuE of 276 or
276,000 psl ls obtalned. An R square value of 0.621 ras
obfalned, rlth a sfandard error of estlmate (RMSE) of 54.7

or 541700 psl l,lR.

Uslng fhE 40 data polnts for an Arkansas Type 2

surface mlx af 50 blors compactlon, the best f itted
equaf Ion (EQ 8) relaf tng f he nlx propertles Is:

MR = 424 + 0.956 STAB - 65., AC - 14.5 AV

An R square value of 0.744 ras obtalned for thls equaflon,
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rlth a RMSE of i4.E or 54,g00 psl MR. Ustng the 9 data
polnfs for an Arkansas br nder mrx, fhe besf f lfted equaflon
(EQ 9) ls:

MR = 263 + 27.l EM + iO.6 AC -29.0 AV

R square equars 0.889 rith a RMsE varue of 26.5 or 26,5oo
psi MR. l{lth fhe r9 data pornfs for fhe brack base deslgn
eval uatlon, the besf f ltfed equaflon (EQ I 0) Is:

MR = 660 + 0.8t6 STAB _ 98.6 AC _ t5.t AV

An R square varue of 0.793 was obtarned for thrs
relatlonshlp, wlth a RMSE of 47.5 or 47,ioo psr MR. The

comblnatlon of dafa from the l0 samples molded at 7s blows
lndlcated an R square val ue of o.9go. The equatlon (EQ r r )

for thls data Is:
MR = - 2490 + i.t7 STAB + 320 AC + 144 AV

The RMSE value uas 26.5 or 26,5oo psl MR. These l0 dafa
polnts rere obtalned uslng a I Imesfone aggregate wlth
specimen of slml I lar comblned gradlng for an Arkansas type
2 mlx.

These equaflons may be used fo esflmafe the resl I lenf
modul us val ues for a I aborafory mol ded Harshal I Job m lx
deslgn. The coefflcrent of correl aflons for equaflons 7

through I 1 rere very slgnlf lcant. The characferlsflcs of
fhe asphalt cemenf used In the Job mlx ril r drrecfry
I nf I uence fhe rest I Ienf modul us. The effect of aggregate
gradatlon ls tndlcafed by the dlfferent equatlons obtalned
for resl I lent modul us as shorn above. Equaflons 7 through
ll were obfatned uslng an Ac-i0 vrscoslty graded asphart
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ceme nf .

0ne ofher eq uat I on obta I ned us I ng the I abortory test
vaules rel ated the alr volds, asphalt confent and volds In

the mlneral aggregate (VMA). By stepwlse I lnear

regress i on, the best f Itted eg uaf I on (EQ lD was:

AV = -1.78 + l.l4 VMA - Z.3A AC

The R square val ues for the 78 dafa polnts used ln the

above equatlon yas 0.974, rlfh a RMSE value of 0.43 percent

AV.

rhe ef fect of aggregafe gradat I on on fhe re I af I onsh I p

betreen AV, vMA and AC may be obtalned by comblnlng the

test results of smll lar mlxtures and perf ormlng the

steprlse I lnear regression.

l{lfh the 40 data polnts f rom an Arkansas type 2

surface mlx molded af 50 blors compactlon, equatlon 1zA Is:
AV = - 1.71 + l.t5 VMA - 2.42 AC

R square equals 0.9E8, wlth a RMSE of 0.21 percenf.

l{lth the 9 dafa polnts for an Arkansas blnder mlx, the besf

f ltfed equatlon 128 ls:

AV = -1.51 + l.16 VMA - 2.4E AC

R squar€ equals 0.972, rlth a RMSE of 0.35 percent.

Uslng fhe l9 dafa polnts for the black base mlxes, the best

fltted equatlon 12C ls:
AV = 4.95 + 1.16 VMA - 1.59 AC

R sq uare eq ua I s 0.945, r I th a RMSE of 0 .76 percent.

The 10 dafa polnts for fhe 75 blor compactlon of the

Arkansas fype 2 surface mlx gave a best fitted equaflon 1zD
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of :

AV = -1.54 + t.ZZ VMA _ Z.4A AC

R square equal s 0.99, wtth a RMSE of 0.05 percent. fhese
equafions, 12 +hrough 120, rerafrng asphart confent, vords
In the mrnerar aggregate and arr vords may be used wlfh
conf idencs for asphart mrxf ures havrng srmil rar
compositlons fo those used In thls study.

rt rs of rnterest to compare the predrcfed air voids
obtained for fhe raboratory mrxfures and freld cores.
Uslng an asphart contenf of 5.0 percent and a vMA of r4.o
and Equaflon 5 (for cores), the AAv equar s 2.5 percent.
Uslng Equaflon IZA (for laboratory mlxes), the AV equals
2,3 percenf. Thrs calcuafron rndrcates that a pavement mix
wil I have sl lghtry more arr vords than fhe corraspondrng
I aboratory m lx, after compact r on by traff rc. The m rxfure
vMA and asphalt confent may be adjusted to obtaln a deslred
alr vold content, usrng equafrons 1zA, 1zB, r2c or rzD,
dependlng upon fhe fype of mlxf ura.

Marshall Job mtx deslgn data for fhe surface layer of
30 fesf slfes rere aval I able from fhe AHTD. The specl f Ic
Job mlx deslgn acfuat ry used rn constructron ras not
deferm I ned. Mosf of fhe Jobs had severa I d t f ferent
proposed job mlxfures, and In some cas€s more than one job
mlx ras used ln the consfructlon of dtfferent pavement

segments. construcf I on reports that rou I d I nd I cafe the
actual asphalt cemenf and aggregate used ln the
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constructlon rere avallable for only a few tesf sltes.
These AHTD raboratory job mrx designs rncruded 20 Arkansas
type 2 mlxes (fop srze 3/4 rn.) and ro Arkansas fype 3

mlxes (top srze r/z rn. ). The aspharf cements used In
these job mlxes, by fype asphalt and slte number,

respectlvelyr r€t-6: grade 60-70, sltes 3, 7, 9, 10, lZ,
13, 14, 15, 19, 20, 26, 28r 29,33 and 36; grade AC_ZO,

sltes 1,21 5r 6,22,27,30,32r 37 and jg; grade AC-10,

sltes 8, 23,34 and 35; and grade AC-40 af slte il,
The Inrtr ar resl I Ient modur us for each Job m Ix was

ca I cu I afed by use of eq uat I on g. Th r s eq uaf I on was

developed from mlxtures madE rlth an Arkansas type z

surface mlx. The lncrease ln MR per y€ar ras then
estlmated by subfractlng the lnitlal MR from the measured

core MR and divrdrng by the number of years ln servlce.
Analysls of fhe data for the 50 Job mrxes gave an average
MR lncrease of 55r000 psl p€r year. The range In varues
r6re fron 2200 psl to l42rooo psl. Regresslon analysls of
al I 50 data polnts, relatlng age (ln years) v€rsus Increase
ln MR (dttlR) gave fhts relaf lonshlp:

AGE = 5.05 + 0.0106 dMR

The R value ras 0.555, rhlch explalns onty abouf 3l percent
of fhe relatlonshlp of dMR rlth age. Thrs equatron

lndlcafes fhat MR lncreases rlth ag€ of fhe pavement, but
the equatlon may be onty used as a frend I lne, because of
the scafter of data.

To determlna fhe effect of fhe grade of asphalf In the
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ml'xfure upon the change In MR, fhe 19 sltes havlng mlx

deslgns uslng grade 60-70 and AC-30 were grouped together

for regresslon analysls. lt is thought that fhese asphalf

cemenf s were of slmlllar penefratlon to the AC-50 used ln

preparatlon of fhe project laborafory mlxes. Ten of these

jobs were an Arkansas type 5 surface mlx and 9 jobs rere

for an Arkansas fype 2 surface mlx. The best fltted

equaflon ls:

AGE = 4.65 + 0.0564 dMR

A coefflclent of correlaflon of 0.728 ras obtalned for thls

relatlonshlp. The equatlon Indlcates an av€rage lncrease

In MR of about 28r000 psI per year of servIce. ThIs

grouplng of dafa for jobs thoughf to be consfructed wlth

slml I lar asphalf cements lmproved the estlmatlon of change

ln resl I lenf modulus rlth ag6. The effect of the dlfferent

aggregate gradatlons on the MR for fhese l9 sltss ls

unknown. For further analysls, the relatlonship of MR rtfh

the physlcal propertles of an Arkansas fype 3 surface mlx

I s needed.

It ls concluded that the effEct of asphalt cement

propertles and aggragafe gradlng on the MR of both

laboratory and pavement cores ls needed In order fo obtaln

a more accurafe estlmate of the lncrease (or decrease) of

MR under servlce condltlons. The physlcal propertles of

the asphalt cement used ln the lnltlal constructlon are

needed ln order fo obtaln a more exacf r€l aflonshlp of

change I n resl I lent modul us w Ith tlme.
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Summary

The average 
. 
va r ues of fhe f r er d test resu r ts are

presented ln Tabre rv and x. These resurfs incrude
pavemenf condrtion ratrng, Mays rrdeabilify, skid varue,
crack classlflcaflon, rut depfh, and 0ynaflecf deflecfton.

Average physrcar properf res of fhe cores are presented
in Tables V, Vl, Vll, Vlll, lX, Al , and AZ. These results
I nc I ude descr I pt r on of the pavemenf r ayers, aggregate ty pe

and gradatlon, resl I ient modul us, bul k specl f Ic arav lfy,
maxlmum specrf ic aravrfy, percenf asphalt, arr vords, vords
ln fhe mlnerar aggregate, and Marshal I modulus, stabr I Ity,
and f lor.

Regress I on ana I ys I s ras performed to determ I ne fhe
rel atlonships betreen f Iel d and I aboratory data. The

var I ab I es corre I ated aga I nst each ofher I nc I uded pavement

thlckness, Dynafrect spreadabil rfy tndex, totar EAL, crack
index, pavement condltlon raflng, Mays rldeablllty, maxlmum

rut depth, r6sl I lenf modul us, Marshal I modul us, Marshal I

stablllty, alr volds, votds ln the mlneral aggregate, and

percent asphalt content. Al r volds and resl I lent modul us

of the surface layer r€r€ also correlafed rlth the pavement

6go, Dynaflecf Dl (01{P and lHp), rut depth (oUp and ll{p),
and volds f ltled rlfh asphalt.

Graphs r<ll atlng fhe surface I ayer resl I lent modul us

rlth volds f Illed, Marshall sfabl llty, alr voIds, and

Marshal I modul us have been shorn. Graphs shor lng the
relatlonshlps betreen surface layer alr votds versus lwp
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rut depfh, volds In fhe mrnerar aggregare, and vords f I r red

have been presenfed. The best f rtted eq uat t on a r ong w rth
the coeff Icenf of correr atron and standard orror of
est I mate are I nd I cafed on each graph.

M I x character r st I cs and pavement performance were

related wlth each other by equitlons I fhrough 6. Asphalt
pavement mlx*ures may be analyzed by the use of these

equaflons fo predict pavement performance of the desl gned

ACHM.

Tesf results of the Marshall laboratory mlxfures made

fo slmulate the pavement cores are shown ln Table 81. The

rel atlonship of resl I lenf modul us r Ith physlcal propertles
of these laboratory mlxtures are shorn ln equatlons 7

through I l. The relattonship befween alr volds, volds ln
the mlnerat aggregate and asphalf confenf are shown in

equatlons l2 through 120 for varlous aggregafe gradations.
The pavement Inltlal resl I lent modul us for i0 test

sltes ras estlmated. Equatlons are presented to rel ate the
effect of aglng on fhe resll lenf modulus of the pavemont

surface I ayer.



CHAPTER V

BLACK BASE MIX DES IGN

The physlcar characterrstlcs of the rg black bases

under eval uation have been reported I n Tab I e lx. The

gradatlons of these black bases are shown tn Table Az of
fhe appendlx. The results of the I aborafory mtx designs
uslng mlxfures representatlve of the better black base wl I I

fol low. A befter bl ack base ls one that prov ldes support
fo fhe surface and b I nder I ayers fhat resul ts I n super I or
pavement performance, rlth other facfors belng equal. ln

general, f he rrgoodtr pavemenf s dlscussed ln chapfer lv had

befter bases than the ,poorn pavemenfs. The bases of sltes
3, 4, 8, 10, 13, 23, and 56 rere consldered to be good. As

a confrast, fhe bases of sltes 14r 15r 24r 34r 35 and 3g

were consldered to be poor. A ratlonal method of black
base deslgn along rlth mlx deslgn crlterla for selecflng
fhe optlmum asphalt content ls pres€nted.

Baee MI - De= I On

The laborafory mlx deslgns rere prepared In accordance

rlth the Marshall Mlx Deslgn Method (i9). The base mlx

deslgns rere prepared uslng these four aggregate types:
llmesfone, sandstone, grav€l and syenlfe. A Tosco AC-lO

paving grade asphalt ras used ln al I of the laboratory
mlxtures. A volds analysls ras performed uslng the
aggregafe effectlve speclflc gravlty to calculafe the alr

89
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volds, volds tn fhe mlneral aggregate and volds fllled.
The Marshar r specrmens were fesfed In the same manner as
was previousry presented for the pavement core sampres.

The aggregafe gradafrons were serected to represenf
slml r lar gradatrons for the befter br ack bases for each
aggregate fype under Investrgatron. Ar r of the gradatrons
sel ected mef the requr rements of the AHTD spect f rcatrons
(40) for aggregate used for base consfrucflon. The m Ix
design gradatrons used for each aggregafe type arong wrth
the speclfrcatron r rmrts for both an sB-2 and GB-j
aggregafe are shorn ln Table Xll.

Tr r p r Icate samp r es r€re prepared at each prese r ected
asphar f confent for ar r four aggregate types. The asphar t
contents were varred by 0.5 percent fo defrne the Marshar r

opf Imum asphar t. r n order to us€ the Marshar r m rx des r gn

procedure, fhe pl us one Inch materlal ras removed from each

mlxture prror to addrfron of the aspharf cemenf. Affer
mlxlng and mordrng at 50 brors p€r stde the specrmen rere
cooled overnlght prlor to determlnatlon of thelr helghf and

bulk speclf lc aravlfy. Next, the reslrrent modurus of each
speclmen ras defermlned uslng the fest procedure prev lousl y

descrlbed ln chapter r I l. The speclmen rere then tested
for thelr Marshal I stabll tfy and flor In accordance wlth
AsrM o 1559 (22) . Opt Imum asphar t content ras €st Imafed
for fhese des I gns and add r t I ona r samp r es of sandsfone,
syenlte and gravel mlxf ures rlth fhe plus one Inch materlal
rer€ prepared at fhe opflmum asphalt confent and fested as
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abov e .

rn order to furfher der Ineafe the effecfs of fhe pr us

one lnch materral on the resurfs of fhe Marshar r mrx desrgn
procedure, addltlon testlng ras performed on the I lmestone
mlxtures. sampres rere prepared of fhe orrgrnar r Imesfone
mlxture gradatrons. The pr us one lnch materrar was not
removed, buf was used rn the mrxfure. The asphart confent
of these addrttonal I Imestone mlxes was the same as used ln
the lnltlar r rmestone mrxes. The raboratory specimens ,ere
compacted at 50 blors per slde and tesfed using the
Marshal I procedure.

The defaI red resurts of the Marshar r mix destgn fests
performed and anarysrs of dafa are reporfed by cross (4t).
The average test results for these base mrxtures are shown

ln Table Bl tn the appendrx. The rrmestone ils) mixes ara
lD # 57-62; fhe plus r in. rs mixes are lD { 60-62. The

syenlte (ns) mrxes are rD r 66-70; the prus r in. ns mrx
Is l0 t 69. The sandstone (ss) mlxes are lD * 71_743 the
plus I ln. ss mrx rs rD , 73. The graver (gvr) mrxes are
lD I 75-78i the plus I tn. gvt mtx ts tD t 77.

The physrcar characterrstrcs of fhe r aborafory mrx

deslgns at optlmum asphar t confent and the average var ues

of the fleld cores, by aggregata fype, are shown In Table
xlll. The optrmum asphalt content ras calculated uslng the
crlterla for base mrxes by The Aspharf rnstrtufe (TAr)

method (59).

ln comparrson rlth rhe Asphart rnstrfufe crrterra
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TABLE XI I I BASE MIX DESIGN VALUES VS. FIELD CORE VALUES

Agg reg ate
Ty pe

AC MR

Ps i
!{ersh rl 1 Av vF
STAB FLOl{

VMA Bu I k
Sp.

L imesf one

Field core

Laboratory(-lil)

Laboratory ( +l tt )

Sandstone

Fleld core

Laboratory(-ln)

Syen I te

Fleld core

L abor atory ( - I rr )

Grave I

Fteld core

5.7

3.5

5.8

280

150

480

260

r78

220

238

228

152

286

t88

21 .5

r 0.0

13.3

13 .2

9.0

9.4

4.3

2,8

47 .7

66 .0

77 .A

37.E

54.0

23.0

r 6.6

2 .213

2.269

5.6

4.t
I 0.6

7.8

3.6

4.0

12.7 9.7

6.5 9.5

48 .0

48 .0

16 .7

18.0

2.260

2.245

3.3 500 180 12.6 9.9 42.0 17.0 2.221
lt

Typlcal Deslgn Crlteria:
1)

2)

The Asphalf lnstlfute mlx deslgn crlterla for a
base mlxture are: Marshal t stiUl t lty = 500 lb.psl); Flor (l/100 In) = g to lB; At; votds = Jpercent and Vl,lA = l5 percent mlnlmum. (39)

50 blor
mlnlmum (50
to8

The Assoc I at I on of stafe H I ghray and rransportat I on
0f f lclals mlx deslgn crlteila ior a 50 blor base mlxtureares Marshal I stabl I lfy = 500 lb. mlnlmum (50 psl ); Flor( l/100 ln. ) = 8-to t8; Arr vords = i to r r p"r""ni; .noVolds FI I led = 65 to 75 percent. (35)

(E) ( r) 1/1 ( E\ T E ) (E)

385

550

510

17 .7

12.6

I t.8

2 .267

2.429

2.458
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shown ln Table xr r r, the sandsfone and graver mrxes met ar l

of the requlremenfs, whlle the VMA of fhe I lmestone mlx ras
sl tghf ly beror the mrnrmum varue. The syenrte mrx had arr
voids greafer than 8 percenf rlfh a f lor of 6,5 and does

not meet the TAI crlterla.
ln comparlson rifh fhe Amerlcan Assoclation of sfafe

H lghway and Transportatlon 0ff Icl al s (AAsHTo) cr Iter i a (35)
shown ln Table xl I l, fhe I lmestone and gravel mlxes met al I

of the requr rements. The sandstone, syenite and graver
mlxes met ar r of the AASHTO requirements except for havlng
too fer volds fllled.

The resurts of the mrx destgn varue at optrmum asphart
contenf for the I lmesfone aggregafe wtth fhe plus one Inch

aggregate tncluded ln the 4 Inch Marshal I mold are also
shown In Table xl I l. The stabt I Ity val ues for the pl us one

inch mlx, af optimum asphart content, are srrghtry higher
than lor the mlnus one tnch mlx. lt should be nofed fhat
fhe sfabl I lty values for fhe plus one lnch mlx rere very
errat I c and because of th I s, se I ect t on of the opf lmum

asphal t contenf ras somerhat suspect. Errat I c val ues for
the plus one lnch mlx rere also encounfered ln the alr
volds, volds ln the mlneral aggregafe and bul k spect f Ic
grav Ify plots as rel l. The optlmum asphalt confent for the
plus one lnch mlx ras 0.5 percent hlgher than for fhe mlnus

one lnch mlx.

!ase Lahorafory varues compared rrfh FIerd core varues

The comparlson of fhe f rer d core var ues, by aggregafe
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fype and the mlx destgn values arB also shorn ln Table

Xl I l. The sandstone, syenlte and gravel mtx deslgns al I

had hlgher optrmum asphart contents, equar or higher
percent volds fl I led, and lorer alr volds fhan fhe average

of fhe f Iel d cores.

The limesfone mlx deslgn had a lorer optlmum asphalt
contenf than the average of the I Imestone f Ield cores. The

bulk speclfic gravlfles rr6re hlgher for the mlx deslgns ln
every case excepf for the syenlfe mlx, whlch ras lorer. As

expected, the resl I ient modulus values of the cores trere

hlgher In each case than those of the laborafory mlxes.
Ratlonal 0eslgn Method for Arkansas Black Baees

The fol lor lng ratlonal mlx deslgn method for Arkansas

black bases Is presented. The mefhod ls based on the

analysls of data for peformance and mlx characterlstlcs of
Chapter lV, along wlth the black base nlx deslgn test data,
and the preceed I ng d I scuss I on.

The Marshal I mefhod of mlx deslgn (39), rlth fhe

follorlng modlf lcatlons, rlll provtde good black base Job

mlxes. The gradaflon of the bl ack bases shoul d be stml I ar

fo fhe rrgoodr bases of the fesf sltes. The gradlng llmlts
need to be more closely control led than presently used for
sB-z and GB-5 m lxes. The recommended grad I ng for b I ack

bases by sleve slze and percentage passlng, respecf Ively
ls: 1 l/Zn, l00li 1tr, g4li 1/2n, O2l; No. 4, 37li No. 10,

Z3Ni No. 40, t5li No. 80, gli No. 2OO, 4N. The gradl ng

band should be set to fhe meet these percentages based on



fhe present tolerances used for ACHM.

After the frtal gradlng ls selecfed, fhe plus I Inch

materlal should be removed from the trlal mlx and a regular

Marshal I mlx deslgn procedure employed fo obtatn the

opflmum asphalf contenf. Th is asphalf content then shoul d

be decreased approxlmately 0.1 percent (on fotal welghf

basls) fo provlde sufflclent asphalf to coat the plus 1

lnch materlal. Thls decrease In asphalf content ts

nec€ssary because the surface area of the pl us 1 lnch m lx

Is less than the surface area of the mlnus I Inch mlx.

The reeommended criterla for the Marshal I asphalt

content for an Arkansas black base ls as fol lo:s. Marshal I

sfabll lty of 1500 pounds mlnlmum, flow of from 6 to 14, alr
volds of from 5 to 8 percenf, VMA of from ll to l3 percent

mlnlmum dependlng upon alr vold confent, and optlmum

asphalt contenf. The relatlonshlp shorn by equatlon 120 of

Chapter lV may be used to determlne the proper YMA for any

deslred alr vold and asphalt content comblnatlon. Thls

type of base mlxture rould be sultable for all levels of

traff lc I f suff lcl ent fh lckness of pavement structure I s

prov I ded for the des I gn EAL.
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CHAPTER V I

CONCL US I ONS AND RECOMMENDAT I ONS

0n fhe basis of fhe experlmental rork covered by thls
reporf and r ith t n the I lm ltat I ons of fhe fest procedures,

maferlals, and condlf lons uf ll lzed ln thls lnvestlgatlon,
the fol I or I ng concl us I ons ara warranted:

1. There ls an identlfiable relatlonshtp between the
resl I ient modul us and the other physlcal characferlstlcs of
the pavement core. The besf rel atlonsh ip of resl I ienf
modul us r lth fhe core physlcal propertles I s shown by

equatlon 5 and equaflon 6. The lndependent varlables In

fhese equatlons are Marshall stabllify, flor and voids

f illed rlth asphalt. These equaflons have an R square

val ue of 0.68, rhich woul d lndlcafe that abouf 32 percent

of fhe varlatlon of pavemenf resl I Ient modul us tras caused

by other factors. These othEr factors I ncl ude asphal t
contenf, volds ln fhe mlneral aggregafe, alr volds, asphalf

characferlsflcs and aggregafe characterisf Ics.

2. The rel af I onsh I ps obta I ned befreen the f lel d

performance eval uatlons and asphalt pavement propertles are

presented ln equatlons I and 2, and fhe equaflons shol{n on

Flgures 7 and 9. These performance and mlxture varlables
Include: Mays Meter value, rut depfh, crack Index,

resll Ienf modulus, alr volds and volds fll led rlth asphalt.
By use of these equatlons fhe performance of an asphalt
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pavement under vary rng r ever s of traff Ic may be predi cted.
3. The data Indlcafes fhat the pavemenf resl I lenf

modul us I ncreafes w ith tlme, as fhe rafe of abouf i0r00o

psl per year of servlce. This change In resl I lent modul us

ls shorn to lncrease the amount of cracklng by equafton 2,

rhen alr voids and rut depths are held consfant.

4. The resi I lenf modul us of fhe I aboratory mol ded

samples was rel ated to Marshal I sfabi I Ify, flow, asphalf

contenf and alr volds by equatlons 7 through I I for
dlfferent types of asphalt mlxtures. Asphalt mlx deslgns

may be eval uated by use of these rel atlonshlps fo rel afe

m Ix propert I es r lth pavement performance, as shorn I n

concl uslon 2, prlor to actual pavemenf constructlon. The

reslllenf modulus of fhe laboratory asphalf mlxf ure and the

aglng pavement resl I Ient modul us may be used by the Deslgn

Englneer as a key fo fhe deslgn of superlor asphalt

pavemenf s.

5. An €xcellent relattonshlp befreen alr volds and

volds f Illed ras obtalned as shorn ln FIgure 9. The AASHTO

recommendatlons for volds fll led ln a surface course ls 75

to 85 percenf lor dally EALrs from 50 to 500 (15). lf is

concluded fhat alr volds betreen 2.3 and 4.5 percent wll I

meet fhls volds fllled crlterla.

6. The alr volds ln the payemenf is Indlcatlve of the

measured rut depth ln fhe lnner wheel path as shorn ln
FIgure 7. Alr volds over 2.5 percenf rere assoclated rlth
rut depfhs of l0/32 I nch or I ess. The correl at I on
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coefflclent of 0.568 befreen these variables tndlcates that
other factors, such as fraff lc, subgrade support,

stabl I Ity, aggregate gradaflon, and asphalt cement

propertles need fo be consldered for control of pavement

ruttlng.

7. The rel atlonship befreen alr volds, volds In the

mlneral aggregate and asphalt confenf for pavemenf cores ls

shown by equaflon 5, For I aboratory mixfures these

varlables are rel ated to one another in equatlon lZA and

120 for an Arkansas type 2 surface mlx. For blnder and

base mixtures, fhe rel atlonshlps are shorn ln equatlon 1zB

and 12C. lt Is concl uded that VMA ls nof an Independenf

varlable ln asphalt mlxfures but ls dependenf upon alr
volds and asphalt content. These equatlons (5, lZA, 128,

l2c and 12D) may be used to analyze asphalt mlxfures and to
adj ust the asphal f content and vo I ds I n the m I neral

aggregate for any deslred alr vold confent.

8. A raflonal mlx deslgn for Arkansas Black Bases Is

pr6sented. The method rlll permlt the Deslgn Englneer to

sel ect the aggregate gradatlon and asphalt content to
provlde excellent asphalt bases, using the Marshall mlx

des I gn procedure and eq u I pmenf.

Recommen dat I ons

1. The analysls of the dafa of thls study on the

basls of type of c.onstuctlon may lndlcafe that dlfferent
confrol I lng facfors shoul d be used I n deslgn of asphalt

pavement mlxtures for each consfrucflon type. For example,
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a much st r ffer pavement strucfure may be desi rab r e for pcc
overl ays than ls needed for conventionar designs of AcHM

over a granurar base. Therefore, thrs type of analysrs rs
recommended.

2. The determrnatron of the pavement resrduar aspharf
physlcal properf les and f helr relatlonsh,lp f o resil Ient
modul us and Marshar r mlx desrgn factors is hrghry
recommended. Thls eval uaflon may lndicate rhich physrcar
characferlsflcs of the asphalf cement best rel ates to the
dlfferenf parameters of pavement performance. To Improve
the performance capabil lty of the pavemenf a change In the
characfer of fhe aspharf cement used for drfferent rayers
or types of constructlon may be dlcfated from thls work.

3. since pavemenf deftectlon ls a vlable estlmafe of
pavement performance, the defermlnafron of pavement

deflecflons under rg to 22 krp axle roads for fhese
pavement slfes of knorp physlcal characterlstlcs Is
warranted. Measurement of the pavement def I ecf I on basl n

rlfh heavy axre toads rourd permrf defrectrons to be

related to the physrcar prop6rtres of fhe pavemenf

structure. The knor ledge of the pavemenf def recflon of a

pavement strucfure under heavy rheel I oads woul d perm It
more economlcal deslgn of asphalt pur"r"nlr. \

4. lt Is recommended that a more baqlc unlt of
measuremenf of pavement roughness, such as roughness !n

Inches per mlle, be used for pavement roughness evaluatron,
rather fhan the percent R r deab r I Ity that r s reportad
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hereln. The Inches per mile unlt of roughness measurement

courd then be used for comparison wifh resurts of ofher
research agencl es. The actual roughness of the pavement

tesf sites rafher fhan the rel ative roughness val ue

reported may y lel d more useful correl atlons, ln parficul ar

w lth the dt fferent level s of fraff Ic.
5. A llmlted number of raboratory base mrx desrgns

t{ere prepared for this study. lt ls recommended fhaf fhe
test resulfs used as the basis for the recommended base

deslgn procedure by verlf ted by addttlonal testlng of
dupllcate mlxtures. t{hi le lf ls thought fhat novacul lfe
aggregafe rll I behave slmll lar fo the syenlfe and gravel

base mlxtures, novacullte aggregate should be added to fhe
base m Ixture fest work.

6. The use of the aggregafe effectlve specl f Ic
grav lfy, as measured ln the Rlcer s maxlmum specl f ic grav Ity
tesf (ASTM O 2041), should be used ln the volds analysls of
asphalf mlxtures. The requlred alr volds and voids ln the
mlneral aggregate shoul d be based on thel r rel atlonsh Ip

r ith the asphal t confenf as reported herel n.

7. lt has been concludEd from prlor research uslng

slml I lar Arkansas asphalt mlxf ures (24, that alr vold

contenfs greafer than 5 percenf are detrlmental to good

pavement durabl I Ify. Based on fhe results of this rork and

ihe above, lt ls strongly recommended that lnpl ace asphalt
pavements have a resldual alr vold contenf of fron 2.5 to 5

percent for optlmum pavement performance.
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