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EXECUTIVE SUMMARY

Current airport flexible pavanent spedficationsrequire high-qudity aggregatesin asphdt conaete
mixtures, and high-quality aggregatesare becoming increasingly scarce and expensive in many areas.
In an ncreasng number of cases,ocaly avalable agregates are notmeeing appicabke
speifications, and to meet the speifications, hidi-qudity aggregates are bang imported to
construction sites.

Theuseof marginal aggregatesin flexible pavemert condructionis oneof the ppssble answersto
the lackof high-qualty aggegae soure@s. This resard sudydeermined in engneeing termsthe
impact of usingmarginal aggregates in asphdt conaete mixtures for arport pavements.

The purposef this sudy was toevalate he uilization of maginal aggregateasphé mixtures and
to determine if poor qualitaggregates could be improved to providquivalentandacceptable
pavement performance.

This report sunmaizesthe field evaluation (Phase I11) that wasconducted to determine the effeds
of aggregate propeties on rutting potential of margina aggregate asphdt mixtures. Based on the
findings of thelaboratory evduation, seven eggregateblendsandtwo asplalt binders were sekecied
to evaluae different margina aggregate propeties. The test setion mixtures wae sdected to
determne theeffectsof aggregategradaton, amaint of crushedcoarseagyregate andchaturdsand
in the agregate blend, and the benefits of asphalt modification.

Thetrafficking of the test section was conducted with a load cart assehddlgimulated heavy
aircraftloadsandtire pressures.The bad cartasserbly was conprised of a sige wheelloaded

with 40,000 Ib & atireinflaton pressireof 200 psi. Performance d eachtestitem was montored
andevaluatedusingrut depthmeasurements taken at various intervals and at the completion of
trafficking (12,000 passes).

Thefindings of this ldoraory evaludion indicated tha asphdt rutting isinfluenced by multiple
factors(i.e., aggregate praperties, gadation, in-place voids, and bindertype ard giff nes) andcamot
be pedcted with individud aggregate ard asphalt mixture propeties. The datafrom thefield test
sectionsindicaed the shape of the gradation curve, percenege ofcrushedcoars aggregate, andthe
amount of natural sand in the blend influence the rufiimtgntial. Asphaltmodificationdid not
produce equivalent pavement performance in the imegrggyregate mixures.

Baseal onthe findings of thisinvestigation, the foll owing recommendaionswere made (1) current
Fedea Aviation Administrdion (FAA) specifications ®uld be improved by implementing
performance-related aggregate characterization properties determinedby Particle Index testand the
National Agregate Association (NAA) and modified NAA particle shape andutextests,
(2) current FAA specifications should be modified and shiftedncdudefiner gradations(3) the
corfined repeatedload deformation testand/or lab rut testing device should be used in conjunction
with current FAA specifications toanalyze rutting potential of asphdt mixtures, and (4)relaxing the
critenafor aggegde materials shaild not be considered for arport pavements subgcted to aircraft
weighing 60,000 Ib or more or to tire pressuresager than 100 psi.

iX/Xx



INTRODUCTION

BACKGROUND.

High-qudity aggregates are becoming increasingly sarce and expensive in many locdlities.
Traditiond flexible pavement speifications rejuire high-qudity aggregates in asphdt conaete
mixtures for arport flexible pavements. In an inaeasing numbe of cases, locally available
agyregates are notmeetng applicabk speciicaions, and agregates hat meetthe spedicatons
must be imported to the site at considerableease:

Theuseof marginal aggregatesin flexible pavemert condructionis oneof the ppssble answersto
high pavrement construdion costs ad alack of qudity aggregate sour@s. A broal dfinition of a
marginal agyregate is “any agyregate that is not normelly usabé becausat doesnot havethe
characteristics required lilge specification, but could be used successhyllsnodifying normal
pavementdesign andanstrudion procedurs.” For thisstudy margnal or sibstandard ageates
were ddined as aggregates tha do not met the Federal Aviation Administraion’s (FAA)

specification requirements for airport pavements.

Using local available margind maerials is often very tempting, but the decision to useor reject these
materialsshould be made onlgfter a complete evaluatiohe decision should be based on an
evauaion of the maerial characteristics and how thee characteristics will affect the design,
performance, ard constuction of the pavement. Paential problem areasmud be cleaty idertified

or any expected cost saings will belost?

Current FAA specifications wee developed & times when high-qudity aggregates were readily
available. However, thisis nolonger the case in many areas. This studywill attempt to ddine in
engineering terms theimpact of using maginal aggregates in asphdt mixtures for flexible
pavenents. Strategies for mproving the perfornance of narginal aggrecates to equalthat of
standard agrecates wer@valuated.The primaryemphasis ofttis studywas on the usef margnal
or substandard ggegates in asphalt concrete rhixes.

PURPGEE.

The purpog of theresearch studywas to evaluate the utilization of maginal aggregates in asphdt
mixturesfor flexible pavement condruction for airport pavements. Marginal aggregateshave been
ddiined asagyregatesthatdo nd meet FAA speification requrements. Thecurrent FAA guidance

for airport parementconstuction is povidedin FAA AdvisoryCircular 150/5370-10A"Standards

for Speifying Corstruction of Airports.™ Specific requirements for adgalt concete mixures are
provided inltem P-4Q (Plant Mk Bituminous Pavemeds). Marginal agyregates can &e one or
more d thefollowing deficiendes: impropergraddion, lack of fracured facesflat andelongated
particles,high natural-sanccontent,high Los Andes (LA) abrasion and soundness values, and
excessve amouts ofNo. 2@ materal. This researchdetermned the effeds of aygreggte progerties

on pernanentdeformation and he perfornance of marginal aggrecate asphdlmixtures.



OBJECTIVES
The research documented in this report waseted to achieve the followirabjectives:

a. To evaluatethe performanceof margnal agyregate asphalt mixires under actual aircraft
loadingconditions in field test sections.

b. To evaluate thenfluenceof aggregate poperties onpermanert deformation charmacterisics
of asphalt concrete nuires.

C. To evaluate the benefits of asphalt modificatiorpermanentieformationcharacteristics
of asphdt mixtures produed with magina aggregates.
SCCPE.

The overall research studgr margnal agyregates in flexble pavements was conducted in three
phases. Phael was areview of avalable literature and eisting dada. These findings are
documented in &A report number DOT/FAA CT-94/58° Basal on theliterature review, a
laboratorystudy(Phasell) was conducted usingpor quality less than acceptalkdegregatesthat
do notmeet FAA requrements. The nmarginal aggregates were comparedto proven,accepéd
agyregates to evduate he efectiveressof thesematerials in asphaltoncrde mixturesfor flexible
pavements. The finding of the laboratorevaluation are documented iA& report number
DOT/FAA/AR-95/6° Thefinal phae,Phag 11, took thecorceps ard techniquesusing marginal
agyrecates hatexhibited the geaestpotenia and evalaied these materials in field test sectons.

This report sunmaizesthe field evaluation (Phase I11) thatwasconducted to determine the effeds
of aggregate propeties on rutting potential of margina aggregate asphdt mixtures. Based on the
findings of thelaboratory evduation, seven eggregateblendsandtwo asplalt binders were sekecied
to evaluae different margina aggregate propeties. The test setion mixtures wae sdected to
determne theeffectsof aggregategradaton, amaint of crushedcoarseagyregate andchaturd sand
in the agregate blend, and the benefits of asphalt modification.

Thetrafficking of the test section was conducted with a load cart assehddlgimulated heavy
aircraftloadsandtire pressures.The bad cartasserbly was conprised of a sige wheelloaded

with 40,000 Ib & atireinflaton pressireof 200 psi. Performance d eachtestitem was montored
andevaluatedusingrut depthmeasurements taken at various intervals and at the completion of
trafficking (12,000 passes).

DESCRPTION OF TESTTEMS

As apart of the FAA research projed, “Marginal Aggregates in Flexible Pavements,” atest section
was condruded and trafficked to evaluate margina and substandard aggregate maerials in asphdt
concreeé mixtures. The feld evaluaton was condictedto evduateasphal concete mxtures with
different aggregate properties under actual aircraft traffic loadiognditions. These agregate
propertiesincludedgradaion, percent crushed coase paticles, and nauralsand content. The field



evauaion dso evaluaed the bendits of asphdt modification to improverutting characteristics of
aghalt conarete mixtures with subgandard aggregates. The field evaluaion was conducted in five
phases:

a. Mix Desigis.

b. Construction.

C. LaboratoryEvaluation of Testtém Mixtures.

d. Trafficking.

e. Evaluation of keld Performance of Ten Tesgins.

Thefield evaluaion plan is illustraed byflow chart in figure 1.

Marginal Aggregate
Field Evaluation

Selection of
Test Item Mixtures

Laboratory . Laboratory L Deformation
Mix Design Construction Evaluation Trafficking Measurements
- Aggregate Blend - Plant Production - Aggregate - Load Cart - Rutting Rate
Characteristics Assembly
- Optimuimn AS phalt - Placement - Asphalt Mixture - Traffic Distribution - Maximum Rut
Content Evaluation Pattern Depth

FIGURE 1. MARGINAL AGGREGATE FELD EVALUATION REEEARCH ALAN

Basedon the laboratorgvaluation, seven gegate blends were selected to determine the affects
of aggrecate properties on permanent deformatidnStyren-Butadiene-Styene (SEb) -modified
AC-20 aphat binde was usdwith five of theseaggregate Hends to evduate the benefits of asplalt
modificationon asphaltoncrete nxtures wih selectecdiggregate mixtures. The descripbns of the

ten field test items ae presented in teble 1.

Seven agregate stockpiles were used in various combinations to produce the seven test item
aggregateblends. The sockples congstedof crushed limestame (No. 458, No. 56, ard sceenirgs),
crushedgravelscreening, uncrusheatoarse gavel, and two natural-sand materials (concrete and
mason). The gradation,specific gavity, and absorption values of each stockpile material are
summarizd in table 2. The composition of each test itengegpate blend was produced with the
stokpile pecentages listad in teble 3.



TABLE 1. DESCRPTION OF FELD TEST TEMS

Item Laboratory Mix Asphdt
Identification Identification (*) Binder Descriion
1 1 AC-20 Center of FAA gradhtion band
2 3 SBS-modified | Upper limit of FAA grachtion band
AC-20
3 6 AC-20 Upper limit of FAA gradhtion band with
excessie No. 200 naterial
4 10 AC-20 Center of FAA gradhtion band modified with
20 percert natural sard
5 10 SBS-modified | Center of FAA grachtion band modified with
AC-20 20 percert natural saml
6 12 AC-20 Center of FAA grachtion band modified with
40 percert natural sam
7 12 SBS-modified | Center of FAA grachtion band modified with
AC-20 40 percert natural saml
8 19 SBS-modified | Center of FAA gradation band
AC-20 Coarsel 100 pecent unaushed gravel
Fine 100 pecent crushed limestone and
gravel
9 21 AC-20 Center of FAA gradation band
Coarsel 50 percert uncrushed gravel; ®
percent crushed limestone
Fine 100 pecent crushed limestone and
gravel
10 21 SBS-modified | Center of FAA gradation band
AC-20 Coarsel 50 percert uncrushed gravel; ®

percent crushed limestone
Fine 100 pecent crushed limestone and
gravel

(*) Reference DOT/FAA/AR-95/6, “Margnd Aggregates in Flexible Paverrents: Laboratory Evauation.”




TABLE 2. GRADATIONS AND SPECIFIC GRAVITIESFOR AGGREGATE $OCKPLE

MATERIALS
Percent Passing
Crushal Crushal Crushel Crushel Uncrushel
Limestone | Limestone | Limestone Grawl Coarse Concrete | Mason
Siewe Size No. 458 No. 56 Screeings | Screeings Grawel Sand Sand
1lin. 100 100 100 100 100 104 10Q
3/4 in. 100 100 100 100 73.9 100 100
1/2 in. 54.6 98.5 100 99.6 37.5 98.7 100
3/8 in. 31.3 80.1 100 98.1 17.9 97.9 100
No. 4 6.9 29.7 96.3 90.0 0.5 92.6 100
No. 8 2.3 6.3 59.3 64.2 0.5 81.9 99.9
No. 16 1.4 2.2 34.6 38.0 0.5 75.5 98.6
No. 30 1.0 12 27.1 23.9 0.5 63.6 87.8
No. 50 0.8 0.8 21.8 10.8 0.4 15.4 18.0
No. 100 0.5 0.6 17.9 6.8 0.3 2.9 2.1
No. 200 0.5 0.5 15.3 5.3 0.3 17 1.1
Apparen 2.764 2.750 2.688 2.641 2.597 2.634 2.648
Bulk 2.752 2.7 2.676 2.560 2.564 2.619 2.638
(Saturated
Surface Dry)
Bulk 2.745 2.729 2.671 2.512 2.544 2.614 2.631
Absorption 0.3 0.3 0.2 1.9 0.8 0.3 0.3

A Marshall mx desgn wasconduded fa eachtest item mixture to deermine theoptimum asphalt
content. Theoptimumasphdt content was séected at 4 percent ar voids (voids tothmix). This
void criteria wa seleatd to irsure thathe aphalt bnder catent dd not irfluencethe perbrmance
of theasphalt mixtures or overshalow the dfects ofthe aygreggte prapetties. All labaatorysamples
were conpaced wih the Gyatory Testng Machine (GTM) usinga compactiveffort equivalent
to a /B-blow Marshell compactive effort. The sdected testitemaggregae graddionsandoptimum
asphdt content vdues are listed in teble 4.

The ®st secton mixtures were sected b evalat the effects of agyregate gradaton, percent
crushedcoaseagyreate, returatsandcortert, and aphalt cenmrent modificaion. The comparisons
of thetest items usd to evaluae these variables ae illustrated in figure 2.



TABLE 3. COMPOSTION OF TES ITEM AGGREGATE BLENDS

Iltem
Idertification Composition
20% crushed limegone No. 458 28% crushed limegone No. 56
1 37% crushel limestone saeenings 15% mason sand
8% crushed limegone No. 458 20% crushed limegone No. 56
2 47% crushel limestone saeenings 25% masn sand
13% crushed limegone No. 458 20% crushed limegone No. 56
3 62% crushel limestone saeenings 5% mason sand
25% crushed limegone No. 458 18% crushed limegone No. 56
21% crushal limestone saeenings 16% crushel gravel saeenings
4 20% concrete sand
25% crushed limegone No. 458 18% crushed limegone No. 56
21% crushel limestone saeenings 16% crushel gravel saeenings
5 20% concrete sand
25% crushed limegone No. 458 15% crushed limegone No. 56
6 20% crushal limestone saeenings 40% concrete sand
25% crushed limegone No. 458 15% crushed limegone No. 56
7 20% crushel limestone saeenings 40% concrete sand
30% crushel limestone saeenings 45% crushel gravel saeenings
8 25% wncrushed coars gravel
12% crushel limestone No. 458 30% crushel limestone saeenings
9 45% crished gravel creenngs 13% wncrushed coars gravel
12% crushel limestone No. 458 30% crushel limestone saeenings
10 45% crished gravel screenngs 13% wncrushed coars gravel
TABLE 4. MIX DESIGN VALUESFOR TES ITEM MIXTURES
Pecent Passing
Siewe Size| Item1l | Item2 | Item3 Item4 Item5 | Item6 | Item7 | Item8 | Item9 Item 10
3/4 in. 100 100 100 100 100 100 100 100 100 100
1/2in. 91 96 94 88 88 88 88 84 86 86
3/8 in. 81 91 87 79 79 79 79 79 80 80
No. 4 60 77 72 60 60 63 63 70 70 70
No. 8 39 54 43 41 41 46 46 47 47 47
No. 16 29 42 27 29 29 38 38 28 28 28
No. 30 24 35 22 23 23 31 31 19 19 19
No. 50 11 15 15 10 10 11 11 12 12 12
No. 100 7 9 114 6 6 5 5 9 9 9
No. 200 6.0 7.6 9.7 4.6 4.6 3.9 3.9 7.1 7.1 7.1
Optimum
Asphalt
Content
Percert 4.3 4.8 5.0 4.8 5.0 4.8 4.8 6.2 6.0 6.1




Asphalt Concrete
Mixture Variables

Aggregate Percent Crushed Percent Natural Sand Asphalt Cement
Gradation Coarse Aggregate ltems 1, 4,and 6 Madification
Items 1, 3, 4, and 6 Items 1, 8, and 9
|
| |
Identical Unmodified
Aggregate Standard
Blends Aggregate
Unmodified Blends
Versus Item 1 Versus
Modified Modified
Items 4 and Marginal
5,6and 7, Aggregate
9 and 10 Blends
ltems 2,5, 7,
8, and 10

FIGURE 2. VARIABLESFOR MARGNAL AGGREGATE ASPHALT MIXTURES

CONSTRUCTON OF TESTTEMS

The test section was constted in Mayl994 as aonverlayon top of an extsg test section located
at the U.SArmy Engneer Waterways Experiment Station, VicksbuyrdMississippi. The existing
pavement was structuralound and was desigd to carrymilitary carg aircraft (C141)oads.
This pavement section provided a sructurally adequate base for the asphalt concrete testitems and
insuredthat pavement deformation would occur in he suface byers as denficaton a plastc flow.
A layout of theten test itams is illustraed in figure 3. Thetypical cross setion of thetest section
Is illustrated in figure 4.



Maneuver Area

FIGURE 3. LAYOUT OF FIELD TEST ITEMS



Lane 1 Lane 2

Items 2.4,5,9,10 Items 1,3,6,7.8

| 2.5 " New Intermediate Course |

3.0" Existing Asphalt Concrete

\ 11.0" Jointed PCC Slabs \

) 65’ ]
FIGURE 4. TYPICAL CROSS SECTN OF TEST SECTDN

Thetestsection was wnstucted by APAC-Mississppi in two phases First, a2 5-in. intermediate
course layer was placed over the entire test area (65 by 250 ft). This agphalt mixture wascomposed
of crushedlimesbne(85 pecert), masonsard (15 perceni), and AC-30 kinder. This layer of asphalt
concrete provided a dense, smooth foundation for the test ifEnestest sectiowasproduced,
placed,ard compaciedusing convenional asghalt concrete placanent and laydown proceduresand
technigues.The construction equipment used to construct the test items is showmres fig 7.

Each estitem conssted of approxmately 50 bns of naterial and was @ced on an area 25 B9 ft
Thethicknessof eachtestitem wasapproxmately 2.5in. The conpleted test secton is shown n
figure 8. Details concerning asphdt mixture tempeaatures and rolling procedures are presented in
table 5.



FIGURE 6. DUAL STEEL-WHEEL VIBRATORY ROLLER
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FIGURE 8. OVERALL VIEW OF COMPIETED TEST SECTON
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TABLE 5. MIX TEMPERATURESAND COMPACTION METHODSFOR TES ITEM
MIXTURES

AC-20 Mix SBS-Modified

Phase of Temperatue AC-20 Mix Equipment and
Construction (°F) Temperatue (F) Number of Passes

Discharge at Rart 320 330

Paver Hoppe 280320 280300

Behind Paer Saeed 280320 280300

Breakdown Rdling 240275 270300 Vibratory Stesl-Wheel Rdler
2 passes

Intermediate Rdling 190240 175225 Vibratory Stesl-Whed Rdler
4 passes

Rubbe-Tired Rdler
4 passes (BS mix below 175°F)

Finish Rdling 150-160 150-160 Stdic Steel-Whedl Rdler
2 passes

Average eld Compaction 97.3 96.6
(percent of lab density)

EVALUATION OF TEST TEM ASPHALT CONCRETE MKTURES

A sanple of plantmixed asphdlconcreg¢ material was obhined fromloaded aspdit trucks for each
testitemandevduatedto chaacterize the aphdt corcrete mixtures. Thelaboratay evaluaion of
the pantmixed asphdlconcreé material focused orcharacerizing the aggregate andthe asphat
mixture properties. The agregate characteraion tests includedrgdation, percentcrushed
partides, raturalsandcontert, NAA andmodified NAA partcle stape ad texturedirectshearand
unit weight and voidsin aggegate(shovel method). The asphalt conaete mixtureswere evaluaed
with volumeric propaties, Mashall sthility and flow, gyratory compation propeties, direct sher
strenghs, and confinedepeated loadlieformationproperties.A detailed dscription and discussion
of each test method are presented in FAA Report Number DOT/FAA/AR-95/6.

AGGREGATE CHARACTERYATION.

This section presents the results of thgregate characteraion tests conducted ¢ine extracted
testitem agyregates. The agregate charaatrization ests deermined he shape ofie gadaton
curve and quartified the aggregate paticle shape and texture characteristics. Aggregate gadations
determined usingASTM C 117 and C 138 are presentedn table 6. Table 7 presentsthe
percentags of crushed particles as determinedvispal inspection fothe compositeblend,and
coarse and fine agedate fractions (CRD-D 161f. The natiratsand corent of eachaggrecate
blend was detmined fromcold feed bn percerdges. The coarse agegate fracton of eachtest
item blend ves charactézed with he modifiedNAA particle shapé andtexture aml ASTM C 29
(shovel}! test nethods. These ésts for the come agrecates wee conducted omaterial passing

12



TABLE 6. EXTRACTED AGGREGATE GRADATONSFOR TES SECTION ASPHALT
CONCRETE MKTURES

Sieve Pecent Passing

Sizes Iteml | Item2 | Item3 | Item4 | Item5 Item6 | Item7 Item8 | Item9 Item 10
3/4in. 100 100 100 100 100 100 100 100 100 100
1/2 in. 94.0 95.3 92.7| 92.9 92.3 92.9 90.9 85.7 91.3 86.3
3/8in. 86.4 89.0 86.6| 81.0 83.6 85.2 82.8 79.6 86.1 80.9
No. 4 69.9 75.4 72.2| 65.4 66.3 70.3 67.2 68.8 78.0 73.5
No. 8 44.5 50.8 42.0| 47.0 44.3 54.7 50.1 47.2 55.0 54.4
No. 16 304 37.2 23.6| 36.6 31.8 46.7 42.2 29.3 35.5 35.9
No. 30 23.9 30.6 16.7| 27.3 25.0 38.0 34.6 20.5 25.2 25.8
No. 50 9.1 11.4 10.1 6.0 8.5 6.7 7.5 10.8 10.2 12.1
No. 100 5.6 6.5 8.0 2.5 4.7 1.9 2.5 7.3 5.6 7.1
No. 200 4.5 52 6.6 1.9 34 13 1.6 5.8 3.6 4.8

TABLE 7. PERCENT CRU$ED PARTICLES AND NATURAL-SAND CONTENT FOR
TEST SECTON ASPHALT CONCRETE MKTURES

Percert Crushed Particles
Composite Coarse Ajgregate Fine Aggregate Natural-Sand
Item Gradation Fraction Fraction Content
1 85 99 79 15
2 75 100 67 25
3 9 98 93 5
4 79 96 69 20
5 78 95 69 20
6 57 95 41 40
7 57 92 40 40
8 72 11 100 0
9 88 47 100 0
10 88 55 100 0

the 3/4-in. sieveandretainedon the No. 4 sieve. The unconpaced void conient for thesetwo
methods are presented in tableThe fine agregate fraction (passintpe No. 4 sievé¥ of each ést
item blend was charactead bythe NAA particle shape and texe (ASTM C 1252) and direct
shear test methods (EM 1110-2-1986)The st resuts from these fie agrecate ests are
presented in table 9.
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TABLE 8. UNCOMPACTED VOID CONTENTSFOR COARE AGGREGATE FRACTON

ltem Modified NAA Method 1 Percent| ASTM C 29 Method 1 Percent

1 46.9 45.5

2 47.3 45.5

3 46.9 45.4

4 46.7 45.0

5 46.9 45.1

6 47.2 45.9

7 46.8 45.6

8 44.8 42.8

9 44.1 42.5

10 42.2 40.8

TABLE 9. TEST RESJULTS FOR FNE AGGREGATE FRACTON
ltem NAA Method A Percent| NAA Method C Percent Direct Shear(g)

1 42.6 36.9 40.5
2 40.0 34.7 39.0
3 445 39.3 47.5
4 40.6 34.5 36.0
5 41.4 35.6 37.0
6 38.6 34.4 29.5
7 39.3 33.5 30.5
8 42.5 37.6 43.5
9 42.2 37.4 40.5
10 41.9 36.2 42.0

ASPHALT CONCRETE MKTURE EVALUATION.

This sedion presents thereaults of the asphdt concrete mixture evduation tests on the plant-mixed
asphaltmaterial. Thesemixture tests were conducted to determine the asphaitimaig strenth
andpermanent deformation propeties. Asphalt mixture maérial from eachtest temwas compacted
with the Gyratory TestingMachine’ to produce Mashall siz specimen (4ri. diameter and 2.5 in.
thick). The canpactedspecimeas wereevaluaéd to déermineMarshal and \wlumetric propeties™
(table 10), gyratory compaction propeties’ (table 11), directshearresults® (table 12), andconfined
repeated load ddormationtest result§ (table13). Threefield cores(4 in. diameer) were dso gken
from each testitem and evaluated with the confined repeated load ddormationtest. Theresults of
these ¢ésts are presead in table 14.

14



TABLE 10. SUMMARY OF VOLUMETRIC AND MARSHALL PROPERTES FOR TEST
SECTION ITEMS

Extracted Voids Voids in

Asphalt Bulk Theoretical | Total Mineral Voids Unit Flow

Content Specifc Specifc Mix Aggregate | Filled Weight | Stahlity | (0.01

Iltem | Percent Gravity Gravity Percert Percert Percert (pcf) (Ibg in.)

1 4.2 2.422 2.533 4.4 14.3 69.2 151.1 2,081 7.7
2 4.9 2471 2.498 2.4 14.1 83.0 152.1 2,389 11.0
3 4.8 2.400 2.515 4.6 15.8 70.9 149.8 1,971 8.7
4 4.4 2.347 2.514 6.6 16.7 60.5 146.5 874 6.7
5 5.0 2.427 2.484 2.3 14.2 83.6 151.4 1,980 10.3
6 5.2 2.298 2.475 7.2 18.8 61.7 143.4 369 5.3
7 4.9 2.362 2.492 5.2 16.5 68.5 147.4 743 6.8
8 5.7 2.341 2.425 J 16.6 78.9 146.1 1,950 18.7
9 6.1 2.343 2.420 3.2 17.1 81.3 146.2 1,324 9.5
10 6.1 2.355 2.413 24 16.5 85.5 147.0 1,928 15.3

TABLE 11. SUMMARY OF GYRATORY COMPACTON PROPERTES FOR TEST
SECTION ASPHALT CONCRETE MKTURES

Thickness | Gyratory Stability GyratoryElasto Gyratory Shear
ltem (in.) Index(GS)) Plastic hdex(GEP) Strengh (psi)
1 2.503 0.99 1.28 149
2 2471 1.00 1.40 147
3 2.544 1.00 1.20 132
4 2.580 0.98 1.45 163
5 2.490 0.99 1.40 152
6 2.623 0.97 1.61 156
7 2.550 0.97 1.47 157
8 2.588 0.99 1.38 147
9 2.584 0.99 1.43 158
10 2.563 1.02 1.36 136
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TABLE 12. SUMMARY OF DIRECT SHEAR DATA FOR TEST SECTDON ASPHALT
CONCRETE MKTURES

Cohesion Shear $renghs atNormal Stress levels
Angle of Internal Y-Axis

Item Friction (9) Intercept (psi) | 100ps (ps) | 200 psi (psi) | 300 psi (psi)
1 13.7 48.5 73.4 96.2 122.2
2 17.5 58.5 91.8 118.3 154.9
3 155 52.1 80.3 106.5 135.9
4 15.9 20.9 50.3 76.1 107.3
5 17.1 44.2 77.4 100.6 138.8
6 171 35.7 49.5 61.8 76.3
7 11.7 30.9 53.1 69.3 94.5
8 13.9 50.1 76.1 96.9 125.5
9 135 41.1 65.4 88.7 1135
10 14.7 51.2 78.5 101.5 130.9

TABLE 13. SUMMARY OF CONFNED REPEATED IOAD DEFORMATION TEST DATA
FOR TEST TEMS LLAB COMPACTED

Creep

Voids Modulus Slope of
Totd Total Permarert Basedon Creep
Thickness Mix Strain Strain Deviator Curve

Item Asphdt Type Percert Percert (infin.) (infin.) Stress (j8i) (M)

1 AC-20 2.506 4.4 0.0194 0.0194 10,309 0.146
2 AC-20 +SBS 2.466 2.4 0.0216 0.0216 9,259 0.092
3 AC-20 2.568 4.6 0.0289 0.0289 6,920 0.199
4 AC-20 2.579 6.6 0.0179 0.0178 11,173 0.099
5 AC-20 +SBS 2.479 2.3 0.0217 0.0216 9,217 0.095
6 AC-20 2.633 7.2 0.0248 0.0248 8,065 0.082
7 AC-20 +SBS 2.549 5.2 0.0195 0.0195 10,256 0.054
8 AC-20 +SBS 2.589 3.5 0.0208 0.0207 9,615 0.145
9 AC-20 2.575 3.2 0.0212 0.0212 9,434 0.157
10 AC-20 +SBS 2.561 2.4 0.0384 0.0383 5,208 0.329
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TABLE 14. SUMMARY OF CONFNED REPEATED IOAD DEFORMATION TEST DATA

FOR TEST TEMS LEIH.D COMPACTED

Creep Modlus Slope of
Total Permarent Basd on Creep
Thickness | In-Place Strain Strain Deviatar Stress Curve
Item Asphalt Type (in.) Voids (infin.) (infin.) (p9) (M)

1 AC-20 2.896 9.5 0.0270 0.0270 7,407 0.121
2 AC-20 + 8BS 2.645 7.5 0.0401 0.0401 4,988 0.123
3 AC-20 2.483 9.9 0.0584 0.0583 3,425 0.172
4 AC-20 2.572 7.4 0.0249 0.0249 8,032 0.123
5 AC-20 + 8BS 2.705 5.7 0.0315 0.0315 6,349 0.126
6 AC-20 2.664 9.4 0.0513 0.0513 3,899 0.092
7 AC-20 + 8BS 2.740 7.8 0.0406 0.0406 4,926 0.106
8 AC-20 + 8BS 2.654 6.3 0.0616 0.0616 3,247 0.123
9 AC-20 2.753 8.3 0.0522 0.0521 3,831 0.136
10 AC-20 + 8BS 2.316 7.5 0.0472 0.0471 4,237 0.184

DESCRIPTION OF TRAFFC

Traffic tests were conducted from Juneto October 1994 to allow trafficking o take place during hgh
ambien temperatures ard pavement suface temperatures. The parement suface empeaature ranged
between 75 and 14B duringthe traffic tests.The traffic tests were conducted withoad cart
assenbly tha simulaed arcraft loads and tirepressues. The load cart was assembled with asinde
airaaft tire (L2in. wide) with a loadof 40,0001b anda cantect pressire of 200 psi (figure 9. The
testtraffic wasapplied bydrivingthe load ert asembly forward and thenin reverse overtheenire
lengh of theteg secton (1 pas). Thelateral traffic paternwas applied with a distributon shown
in figure 10. The traffic lane for each test item wasi60wide with five wheel pathsA total of
12,000 passes was applied to each test item.

FIGURE 9. FORTY THOUSRAND-POUND SNGLE-WHEEL LOAD CART
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PERFORMANCE MEASUREMENTS OF TESTEMS

The focusof this gudywason witting ard pemaneant ddormationof asph#t concrde nixtures. The
performance ofthe test itens wasbased omut dgth measuremats. Rut deph measremens were
taken a various intevals and & the compldion of tréeficking. Measurements were taken
transversel acrosshte taffic lane of eachestitem. Rut deph measurerans were nade byplacing
a 124t mdal straghtedge flat across thetest item and measuring the maximum rut depth with aruler
(figure 11). Therut depth measurementsfor each test itemat varioustraffic levels are presented in
table 15. This rut depth included both permanent deformation causdénwification and plastic
flow.

12' Straightedge

FIGURE 11. SCHEMATIC OFRUT DEPTH MEASUREMENT WTH STRAIGHTEDGE

TABLE 15. MAXIMUM RUT DEPTH MEASUREMENTS AT VAROUS TRAHR-IC LEVELS

Rut Depth (in.)

600 1,200 2,400 4,800 7,200 9,600 12,000

[tem Passes| Passes | Passes| Passes | Passes| Passes| Passes
1 0.21 0.22 0.26 0.27 0.29 0.29 0.29
2 0.19 0.24 0.30 0.41 0.54 0.54 0.54
3 0.29 0.33 0.44 0.47 0.47 0.53 0.53
4 0.20 0.24 0.26 0.40 0.81 0.88 0.94
5 0.17 0.22 0.28 0.40 0.48 0.65 0.69
6 0.32 0.38 0.58 0.65 0.71 0.71 0.71
7 0.26 0.30 0.35 0.63 0.69 0.73 0.73
8 0.25 0.31 0.50 0.75 0.81 1.02 1.02
9 0.14 0.17 0.22 0.33 0.58 0.58 0.60
10 0.17 0.21 0.27 0.40 0.54 0.58 0.58
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Rutting in asphdt conaete pavements is gnealy characterized by the maximum depth of the
deformation or bytherate & which the ddormation oacurred (rutting rate). The rutting rate is
defined as the slope of lamumulative rut depth versus Iggss level curveFor this study the
rutting rate was deerminedfor the initial traffic levels (0 to 4800 msses). Therutting ratevalues
and maxnum rut depth values after 12,0p@sses of the load cart greesentedn table16 and
shown gaphicallyin figures 12 and 13.

TABLE 16. MAXIMUM RUT DEPTH MEASUREMENTS AFER 12,000 PASSES AND
RUTTING RATE VALUES

[tem Numbe Rut Depth (in.) Rutting Rate
1 0.29 0.13
2 0.54 0.37
3 0.53 0.25
4 0.94 0.31
5 0.69 0.41
6 0.71 0.37
7 0.73 0.42
8 1.02 0.54
9 0.60 0.41
10 0.58 0.41

1.2

—_—

e
o0

RUT DEPTH (IN.)
= o
IS o

e
)

1 2 3 4 5 6 7 8 9 10
ITEM NUMBER

FIGURE 12. RUT DEPTH VALUES AFTER 12,000 PASSES OKIRCRAFT LOADS
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FIGURE 13. RUTTING RATE VALUES FOR TEST TEM HMA MIXTURES

ANALYSIS AND DISCUSSION

Thefield evabiaion was candicted to evaluate agphat conaete mixturesunderacual traffic loadng
conditionsand to determinewhich aggegae and/or asphalt concrete mixture propettiesinfluenced
theamountof rutting. Thelaboratorytest results for these test section tanigs indicated that the
plant-mixed asphaltoncrete nxtures vere not axonsistehas thdab-produed asphaltoncrete
mixtures (Aborabry evaliaion). The agregate gadatons and aivoid conents for thetestitem
mixtures wee inconsistat and vaied from thedesired taget vaues. This variation in mix
propeties introdued additiond variability tha affected thepeaformance of thetestitems. Field
compaction (level of compaction) aso added to the variables ofthe test items This vaiability added
to the complexty of evduaing aphdt conaete mixturesandindicatedthatpavenentpeformance
(rutting potentia) is afected by many factors induding material propeties, aphdt conaete
production, and asphalt concrete placement and compaction.

The ana}sis of the testresuls fromthe field evatiaionincluded dedrmining the effed of aggrecate
gradation, perent crished carse agregate natual-sandconten, andasphaltmodificationon the
rutting charaderidics of asphdt concrde mixtures. Thisportion d the evduaion enphasized the
trends and performancerdenstrated byhese diffeent variable gpups. The analgs also included
corrdating individud aggregate and asphalt concrete mixture properties with rutdepth and ruting
rate vaues. Since thetest itans wee produed and construted with many variables, the critical
aggregate and asphdt conaete mixture propeties thd influenced therutting characteristics ae
summaried and presented in table 17.
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TABLE 17. CRITICAL AGGREGATE AND ASPHAO MIXTURE PROPERTES OF TEST

ITEMS
Percert _ _
Asphdt | Crushed | Natural- Percert Air Voids Rut
Binde Coarse Sand Lab After After Depth | Rutting
Item Type Particles | Content | Compacted | Construction | Traffic (in.) Rae
1 AC-20 99 15 4.4 9.5 4.1 0.29 0.13
SBS-
modified
2 AC-20 100 25 2.4 7.5 2.8 0.54 0.37
3 AC-20 98 5 4.6 9.9 2.6 0.53 0.25
4 AC-20 96 20 6.6 7.4 3.5 0.94 0.31
SBS-
modified
5 AC-20 95 20 2.3 5.7 1.6 0.69 0.41
6 AC-20 95 40 7.2 9.4 6.5 0.71 0.37
SBS-
modified
7 AC-20 92 40 5.2 7.8 4.9 0.73 0.42
SBS-
modified
8 AC-20 11 0 3.5 6.3 3.7 1.02 0.54
9 AC-20 47 0 3.2 8.3 35 0.60 0.41
SBS-
modified
10 | AC-20 55 0 2.4 7.5 1.8 0.58 0.41

SHAPE OF AGGREGATE GRADATON CURVE

As diswssel previously in theliterature reviews® and laboratorevaluatiorf, the shape (pade
distribution) of he agregate gadaton geaty influences tie perfornance of asphalconcree
mixtures. Dueto thelimited numbe and inconsistacy of thetestitems, only a patial evaluaion
of aggrecate gradaton was achieved. The effectof aggregate gadaton was evalaked in Test
Items 1, 3, 4, and 6These tems were sedcied because eachixture had he sane asphdl binder
and simila ar voids and denmonstraed theinfluence of thefine aggregate portion (pasingtheNo. 4
sieve) of the fadation. These agregate gadations are shownaphicallyin figures 14-17.

The perfornance of hese four ést items indicated tat two pars of the aggregate gradaton
influencedtheanmount of rutting. First, asufficiert amount of material pasangthe No. 16sieve is
required to produce a ntixe that will be less susceptible to ruttingggregate blendgproduced
near the coarse limit of the FAA gradation (Item 3) and bdow (Items4 and 6) produced significant
ruting. Therut depthincreased from 029 in. for Item1 to 0.53in., 0.75in., and0.67 in. for Items3,
4, and 6 respectivelySecond, agregate gadations with a sigificant decrease in percent passing
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or have a“hump” nearthe No. 30 sieve produced tende mixes that were very suscepible to rutting
(Items4 and 6. These findings agreed with theresults d thelaboratory evaluaion which stowed
asphatl conaetemixtureswith aggregate gradainson the finesideof the FAA gradation banchad
less ruttingpotential than asphdt conaete mixtures with gadations near the coarsesideof theband.

PERCENTAGE OF CRUSED COARSE AGGREGATE

Basel on thefindingsin theliterature® andtheresuts o the laboraory evduaion? the pecertage
of crushel coarse aggregate has asignificant influence on rutting potential of asphdt conaete
mixtures. This agyregate propertywasevaluatedn Items 1,8, and9. Thefield performanceof

these test items indicated tha the percentage of crushel coarse aggregate did dfect the rutting
characteristics of these asphdt conaete mixtures. The rut dgth mesurement goproxmately

doubled (0.290 0.60in.) when the percent crushed coarsgragate was decreased from @0
47 pacent. Therutting rate significantly increased when the pecent crushel coarse aggregate (CA)

decreased from 99percent to bdow 50pecent. The oveaal trend was thd rutting potatial

increasedasthe percentage of crushedcoars aggregate deaeased. Thistrendis shown graphically
in figures 18-20.

1.2

ITEM 1 - 99% CRUSHED CA
ITEM 8 - 11% CRUSHED CA
ITEM 9 - 47% CRUSHED CA
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FIGURE 18. EFFECT OF PERCENT CRUSHED COARSE AGGREGATE ON RUT DEPTH
VALUES
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AMOUNT OF NATURAL-SAND MATERIAL.

Theeffectof theamountof natural-sandnaterial in an agrecate blend was evaluated ternsl,
4, and 6. This evaluation combines the effects of particle shape amdréeand fine agregate
gradaion onthe rutting charaderistics of asphat conaete mixtures. The paformance of these test
items indicated that the ruttipgptential increased whehe amountof natural-sananaterialwas
20 percent or geater. Therut dgoth and ruttingrate vdues indicated a significant increase in rutting
potential when the naurd-sand ontent was greater than 15percent. This inaease in rutting
potential is shownmgphicallyin figures 21-23.

ITEM 1 - 15% NATURAL SAND
ITEM 4 - 20% NATURAL SAND
1 ITEM 6 - 40% NATURAL SAND
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FIGURE 21. EFFECT OF NATURALSAND CONTENT ON RUT DEPTH VAUES
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FIGURE 22. EFFECT OF NATURALSAND CONTENT ON RUTTNG RATE VALUES
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FIGURE 23. CUMULATIVE RUT DEPTH VALUES FOR VARIOUS NATURAL-SAND
MIXES

BENEFITS OF ASPHALT MODIFICATION.

Thebenefitsof asphaltmodificationwereevaluatedor two conditions: (1) directcomparisorof

AC-20 and SBS-modified AC-20 mixtureswith similar aggregate blend and (2) comparisorof

mixtures with sbstandard agregate blends pragted with SE5-nodified AC-20 b a control mix
(Item 1). The drect comparison was corduded onthreeaggregate derds, 20 percent naura sand

(Items 4and>5), 40 percennaturalsand(ltems 6and7), and50 percentcrushedcoarseaggregate
(Items 9 ad 10). The compamgon of modified suliandard ggregateblends tahe control mixwas
conducted withtems 1, 2, 5, 7, 8, and 10.

The effect of asphdt modification on thetest iteam asphdt conaete mixtures is shown in
figures 2427. The indings ofthis anaysis indicate that gphalt modfficationhad an ingnificant
positiveinfluence on therutting potential of these asphdt conaete mixtures. These findings ae
biased beause othe multiple vaiablesincludedin thesemixturesand nay notrepresenthe actial
effect of asphalt modificationThese finding are alsaontraryto the findings of the laboratory
evaluation.

CORREIATION OF AGGREGATE AND ASPHALT CONCRETE MKTURE PROPERTIES
WITH PERMANENT DEFORMATION VALUES

One foaus ofthe anaysis procedure consied of paforming correlation andyses b deermineif the
indepeneént variablesweresignificantly corrdatedto the dependentvariablesrut dept and rutting
rate. The independent variables were amalyzed in four groups: (1) aggregategracation, (2) aygreggte
charctrization properties, (3 asphaliconcrae mixture properties,and(4) corfined repeated load
deformation propeties. The daawere analzed usingSigmaSat sttistical sofwarepackag® The
codfficient of deermination (R?) was used to determine how strahg relationshipvasbetween
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FIGURE 25. EFFECT OFASPHALT MODIFICATION ON RUTTNG RATE VALUES
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FIGURE 26. EFFECT OFASPHALT MODIFICATION ON RUT DEPTH OF
SUBSTANDARD AGGREGATE BLENDS
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FIGURE 27. EFFECT OFASPHALT MODIFICATION ON RUTTNG RATE OF
SUBSTANDARD AGGREGATE BLENDS

the independent variables and the dependent variablesRk? value indicated the stretigof the
linear carrelation. The R vaues closer to 1 indicate a beter relationship between indegpendentand
dependent variables.

The analgis of the agregate gadation and agegate characteraion propertiesvasconducted

without Items2, 5, and10. Theseasphalt concrete minres were produced with air voids below
2.5 perent. The low ar voidswould influencethe asphlt concete peformanceand oveshadow
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the effeds of the aggregate poperties. The valuesof these test itemswere includel in theandysis
of the asphalt concrete ntixxe properties.

AGGREGATE GRADATDON.

The perfornance of asphalconcreg mixtures s greaty affeced bythe agyrecate gaddion because
the gadation controls the void structure (malrixAlthough the gadation is important téhe
performancef asphalt concrete, the effect of thadation is often difficult to quantifyFor this
study, the percert passingeachsieve size was aralyzed to determine the effect of aggregategradation
on rut depth.A summaryof coefficients ofdeterminatiorfor aggregategradationis presentedn
table 18. The R values indicagd that on} the 0.5and 3/8 in. sieves Haanystatstically significant
relationshipswith rutting. The R? valuesfor the 0.5and 38 in. sieveswith rut depth were 0.48 and
0.812. Thecarelaionsfor rutting rateindicated the similar trerdswith R?values of 0.718 ard 0.410
for the 1/2 and 3/8 in. sieves.

TABLE 18. SUMMARY OF COEFFCIENTS OF DETERMNATIONS FOR AGGREGATE

GRADATION
Rut Depth Rutting Rate

Parameter n R’ R?
Percen passimg 0.5 in. sieve 7 0.448 0.178
Percen passirg 3/8 in. sieve 7 0.812 0.410
Percen passirg No. 4 sieve 7 0.194 0.001
Percen passirg No. 8 sieve 7 0.039 0.255
Percen passirg No. 16 sieve 7 0.050 0.080
Percen passirg No. 30 sieve 7 0.017 0.034
Percen passirg No. 50 sieve 7 0.042 0.026
Percent passinijo. 100 siee 7 0.046 0.003
Percent passiniyo. 200 siee 7 0.044 0.014

AGGREGATE CHARACTERYATION PROPERTIES

As previoudy repated in the laboratary evaliaion? aggregate propeties (shapeandtexture have
asignificant affect ontherutting potential of asphalt concrete mixtures. One of the objectives of this
study wasto characterize and quantify aggregete propeties ard to deermine theinfluence of these
properies on he perfornance of asphatoncreé mixtures. Severalagyregate characrizaton tests
were conducted on &nacted agregates from test item mixres and correlated with rut depth and
rutting rate. A summay of R? values for agrecate charactrization propelies is presergd in
table 19. The percent crushed particles (compobiend and coarse grggate fraction) produced
only moderate correlations with rut depthhe R valuefor percent crushed coarse particles was
0.249for rut depthvalues. The percent crushed coarse, modified NAA, ASTM C 29 (shovel)
producedthe strongestorrelaionswith rutting rate. R? valuesfor these aggegate chaaderization
tests were 0.572, 0.350, and 0.353.
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TABLE 19. SUMMARY OF COEFFCIENTS OF DETERMNATION FOR AGGREGATE
CHARACTERIZATION PROPERTIES

Rut Depth Rutting Rate
Parameter n R2 R
Percert crushed particles-conposite 7 0.177 0.235
Percert crushed particles-coarse 7 0.249 0.572
Percert crushed particlesfine 7 0.002 0.001
Natural-sand content 7 0.001 0.002
Modified NAA 7 0.078 0.350
ASTM C 29 $ovel 7 0.124 0.353
NAA Method A 7 0.109 0.088
NAA Method C 7 0.097 0.028
Direct skear 7 0.036 0.030

ASPHALT CONCRETE MKTURE PROPERTES

Because uttingis a very conplicated pocess, sevak typesof asphdt concrde mixture piopeties

(i.e., voids, strenth, deformation) were determined to evaluate asphalt concrete properties with
rutting. Traditiond volumetric and Marshall propeaties aongwith gyratory compeaction and direct

sher propeties weae usal to andyze thetest iten asphdt conaete mixtures with rut depth and

rutting rate. A summay of R? valuesfor asphalt concrete mixture properties is preented in tatle 20.

The R values indicated that the stability/flow ratio was theonly asphalt concrete mixture propaty

that had a strong réationship with rut depth. This correlation had aR? valueof 0.528 br rut depth.
In-place air voids before traffi ¢ (after constuction) and the sability/flow ratio produced the srongest

linear corrdations with ruttingrate. These corrdations hal R? values of 0.486 and 0.505.

CONFINED REREATED LOAD DEFORMATION PROPERTIES

Oneof the prmary objecives of his research sidy was o vaidae the confned repead lbad
deformation ted with field cores and rutting after traffic. This test method had been reportedto be
one of the best procedures to evaluate permanent deformation sincg@ehisstymorelosely
simulateghe insitu pavenent cowlitions under trdfic. The confired repeted loaddeformaton test
was conducted on plant-n@g asphalt concrete mater@mpactedn the laboratoryand field
compacted with conventiohasphalt rollers (vibraty and rubber-tired)The correlations indicated
weakrelationshpsbetveen the confinedrepeatd |oad deformdion test results andactual rutting in
the field. The field conpaced speanen produced bédr correktions han he Bb conpaced
speimen Theseresults are logical becausethe laloratory compacted spe&imens are compacted to
appoximately 100 percentlab dengty while the in-placepavement is compacted to approximately
95 percent lab density

In order to simulate field conditions, the confined repeated load deformation test bkould
conductedon labaatay samplesthat are compected b dengtiesthat appraximate fieldcondtions
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TABLE 20. SUMMARY OF COER-ICIENTS OFDETERMINATION FOR ASPHALT
CONCRETE MKTURE PROPERTES

Rut Depth Rutting Rate
Parameter n R? R?
Air voids [1labtompacted 10 0.070 0.081
Voids in mineral aggregate 10 0.219 0.118
Voids filled 10 0.029 0.190
Stahility 10 0.160 0.016
Flow 10 0.086 0.342
Stahility /flow 10 0.528 0.505
GEPI 10 0.204 0.201
Gyratory shear srength 10 0.148 0.017
Angle of irterral friction 10 0.001 0.005
Direct shear grength 10 0.145 0.008
In-place air void after comstruction 10 0.340 0.486
In-place air void after traffic 10 0.019 0.003
Permanent strain lab compacted 10 0.060 0.005
Creep moduluslab compacted 10 0.073 0.008
Slope lab compacted 10 0.069 0.008
Permarert strainfield conpacted 10 0.043 0.237
Creep modulusfield compacted 10 0.014 0.281
Slope field compacted 10 0.070 0.008

SUMMARY.

Theresuts of the satistical anaysis indicaed thatfew individual aggregate and asphatconcree
mixture properties havea s gnifi cantrelationship with pavementrutting. Althoughthe correlaions
were wedk, mostaggregateand asphalt conaete properies apparedto have definite trends It was
evident from thedata that ruttingis influenced by multiple factors (i.e, pecent aushel paticles,
gradation, stiff nessof asphalt conaete, andin-placevoids) and canrot be predicted with individual
aggregate andashalt conarete mixture praperties. Surprisingly, the Marslall stabilty/flow ratio had
the sinde best individud corrdation with ruttingin asphdt conaete pavements. A mgor factor
affecting theandysis was vaying laboraory ar voids for thetest items.
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CONCLUSIONS

The olyective of this research study wasto evaluae theutilization of margna aggregatesin asphdt
conaete layersfor arport pavanents. The primary focus of this evaluation was to characterize and
quantifyaggrecate and miture properties and developlationshipdetweernthesepropertiesand
rutting potential. This study also determined wheher maginal mixtures could provideor be
improvedto provide equivalent pavement performandée followingconclusions were derived
from the ana}ses of he field evabiaions.

a. Rutting potential was influenced by the shgpe of the aggregate gradéion. Aggregate blends
produced nearandbebw the coase limit of the FAA gradaton bard developed ggnificant
rutting. Aggregate gradationsthat had a “hump” near the N80 sieve produced tender
mixes tha were suseptible to rutting

b. The pecertage of crudhedcoase @gregatehada sgnificart effect onrutting potential of the
field testitems. Asthe pecentge of crushed coese agregate decreasedhk potential for
rutting increased.

C. The anountof naural sand alsohada significanteffect onthe rutting ofthefield ted items.
Rutting potential significantly increased when the naurd-sand @ntent was greater than
15 percent.

d. Asphat madification had an insgnificant positive effect on margind (substardaid) aggreggte
mixtures.

e. The satistical anaysis of the field test secton indicated hatfew individual aggregate and
asplalt concrege mixture propeaties had a sgnificantrelationshp with pavement rutting. It
wasobvious from the anadgs that ruttingn asphalt concrete pavements is a complicated
process and is influenced manyparameters.

f. The Marshdl stability/flow ratio had thebest individud mixture propety corrdation with
ruting. The R? vauesfor this asphdt conaetemixture propety with rut degth andrutting
rate were 0.528 and 0.515, respectively

g. The results of the confined repesated load deformation test did nd predict therutting potential

of thetestitems with muchaccuracy Testresuts did indicaie stonger rebtionshps wih
rutting were produced when test samples were compacted to field conditions.
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RECOMMENDATIONS

Based onthecorclusionsdeiivedfrom the results d the oweral reseach gudy which includedthe
literature review,® laboratory evaluatior, and the field evaluation studythe following
recommendations were made:

a. CurrentFAA agyregate specifications could be improved byiplementingperformance-
related quantitative aggregate characterization propeties deermined by the Paticle Index
text (ASTM D 33®B) andthe NAA (ASTM C 1752) ard modified NAA patticle shapeand
texture tests. Initial prdiminary guidance and aiteria could beimplemented based on \aelues
determined in this laboratory sudy, bu final criteria shauld be verifiedbasd on additional
researchnvolving avariety of aggregate types and sourceslhe recommended geegate
requirements siuld be a Paitle Indexof 14, a modifiedNAA, and a NAA-Method A on
compacted void contents of 45.

b. Current FAA gradation bands should be modified and shifted to include dwaelations.
The coars limit of the currentspecfication producel avery low quality mixture. Mixtures
finer than the current speification produed very low rut suseptible mixtures. A new
gradaton band for surface coursextures & preserad in table 21.

C. Additional researchis neededto fully evaluae the poorly gradedmixtures and the potential
of large aggregate mixtures and stonamastic asphdt (SMA) mixtures.

d. Current FAA requiremens for pecent crghed paticles anl amounof natual-sandmaterial
in the agyregate blew may allow rut suscegtible asphlt mixturesto beused. The canfined
repeated load deformation test and/or laboratatytestingdevice shouldbe usedin
conjundion with the Marshdl procedure to andyze the rutting potential of the asphdt
mixture

e. Modified asphdt bindes did improvethe rutting characteristics of maginal aggregate
mixturesin thelaboratory. Further research is needed to evaluate new and different agphalt
modification tecmiques andto egablish criteriafor selecting the modifier typeand asag
rate.

f. Relaxingthe aiteria for aggegate materials should not be consderedfor arport pavemens
subjecte to arcraft weighing greate than ®,000 bs or totire pressure higher than D0 psi.
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TABLE 21. NEW AGGREGATE GRADATON BANDS

Sieve Sie 1in. Max 3/4 in. Max 1/2 in. Max
lin. 100 1 1
3/4in. 76-96 100 —1
1/2 in. 66-88 78-96 100
3/8in. 58-82 69-89 78-96
No. 4 43-67 51-73 58-78
No. 8 30-54 36-60 38-60
No. 16 24-44 24-48 26-48
No. 30 15-35 18-38 18-38
No. 50 9-25 11-27 11-27
No. 100 6-18 6-18 6-18
No. 200 3-6 3-6 3-6
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