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INTRODUCTION

This invest,igation was sponsored by Ehe Arkansas Highway

DeparEment and Ehe DepartmenE of TransportaEion, Federal High-

way Adruinistration -- Bureau of pubric Roads, under the Joint

AgreemenE between t,he university of Arkansas and the Arkansas

Highway Department. The work \.ras accomplished in the civil
Engineering Laborat,ories at the universlty of Arkansas.

An earlier study of flexible pavements (3) 1 found that

soEe pavement,s cracked aE an early age while other pavemenE,s

did not show Ehe cracki.ng even afEer a longer servlce period.

These cracks were single isolated cracks in both longitudinal

and transverse directions. The longiEudinal cracks usually

occurred at about the quarter point, of the wldth and somet,i.mes

extended for distances of one hundred feet or more. ?he trans-

verse cracks extended entirely across the traffic lane and were

souetimes spaced at distances as close as 15 to 25 feet. The

results of this earlier lnvestigaElon showed some correlaEion

between the loss of ductirity of the asphalt cement, and cracki.ng.

Those pavements having asphalt cemenEs wlth very low or no duc-

tllity were cracking, whereas, other pavements with higher duc-

tllity ln the asphalt cement dld not crack. Again, some of the

newer pavements had asphalt, cements with Iow ducLility, and some

of the older pavemenEs conEained asphalt, cement with some appre-

1, lgure in parent,heses refers to number of article in references.
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ciable ductility 1eft. There did not appear to be a correlation

beErleen the penetraEion of Ehe asphalt cemen! and cracking or bc-

trveen the remaining penetration and Ehe ductility of the a.sphalt

cemenL in the pavement.

The constructlon records of these earlier pavements did noE

reveal alL of Ehe information desirable for a coraplete history.

This and the surall nunber of samples linrited the reliability of

this work but the trends indicated that further investigation

night prove fruitful.

The project was approved in February, L964, and actual re-

search work began with. Ehe approval of the work plan on June 22,

L964. The project was pLanned for a durat,ipn of four years but

difflculties were encounEered in finding sufficient, number of

pavlng projects during the first tvo years. ALso the extraction

of asphalL cement from t,he pavement samples was slower Ehan anti-

clpated. The project was extended an additional year to allow

for more tine in service for some of the ,jobs.

The work plan anticipated that the three brands of asphalt

cenent produced ln Arkansas raould be st,udied but it was found

that only one paving projecE r^:as using Brand C asphalt. Samples

were Eaken on the one job using Brand C, however, iE is question-

able r.rhether six samples is enough Eo establish any firn results.

The resuLts are reported along rvith those from other jobs.

Early in the planning of the study of asphalt, cements iE was

determined that it would be desirable to include both the physical

I
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and chemical properEies in the invesLigation. The investigations

were dir,,ided into tv:o projects. The field work in obtaining the

samples of asphalE concrete and extracting the asphalt cement along

with penetrat,ion, ductility and some viscosity studies would be

placed under one project. This ptojecE was Eo be sponsored by the

CiviI Engineering Department of the Universiey. The studies of

the chemical phases of the work l7ere to be done by the Chemical

Engineering DepartmenL of the tiaiversity. This project, Highway

Research Project 21, "Rheology of Asphalt Cements, is di.,rected by

Dr. J. R. Couper.

A part, of each sample of asphalt cement obtained in ihis work

is given to Project 21 along wich all of the pertinent information

on the sample. In Lhis way a compleEe physical and chernical record

is obtained for each job.

I
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}IETHOD OF INVESTIGATION

SAI'IPLING

A work plan was devised that would obtain all possible

lnformation about each sarnple. rE was detenmined Ehat six

separaEe sarnples should be obtained for each job. The te::ul

job referred to in this report is the designation given to

a single construction contract by the Arkansas Highway Depart-

ment. ?he job nr.:mber is thac asslgned by the Highway Depart,-

ment. rt, was not possible in every case to obtain six samples

on each job. rn sorne cases the job was of very short duration

and oLher work lnt,erfered with the acquisition of sanples.

Figure .' shows a flow diagrarn of the sampling operations.

This sequence was folLorved for each sauple taken on each job.

complete Lnfo:matlon on time and temperature was taken at each

step of the operation.

sample A is the sample of asphalt cement as it is received

on the job. This smrpLe was taken from the storage Eank at the

hot,-mix plant. The size of the saurpi.e varied from one-half to

one gallon. rt was dipped from the storage tank. These t,anks

have an arrangement such that the material is constantly stirred.
A p,rmp forces the asphalt, cement ouE of the tank Ehrough a llne

to the pugmlll. when the asphaLt from the tank i.s noE flowing

lnto the welghing bucket aE the pugmill it is rerurned, to the

I

:
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Sample A ( Earen xrom sEorage
tanKs at plant)

}lIXING

SarapLe D:

Sarnple B

ivided

( talcen from truck
bed at pLant)

,

I

,r
STORAGE IN
LAbORATORT

PLACING, ROLLING, AM CURING

Sample C

SampIe D

(removed rroa storage
in laooratory aE tne
same Eime tnat tne E

samples are tarcen)

FLOW DIAGRA]'{ OF SAI4PLIIIG OPERATIONS

( cut from paveneat
3 to 6 montns arter
placement)

SERVICE

Sample E

(cut rrom pavernenE
arter 2L to a+2

montns or service)

FIGURE 1
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itorage tank through a bypass line. The temperature of the

asphaJ.t cement was obtained with a pyrometer imnediately

after rernoving f::om the taak.

About 75 pounds of the hot-arix asphalt concret.e was

obtained from the truck irmrediately after it ruas dumped fronr

the pugnill inEo the t,ruck. Samples of all of the aggregates

were also obtained at this time. The temperatures of the

aggregaEes and the asphalt cement along r.rith t.he Eine of mix-

ing rvere obtained.

l.larshaIl sampl-es ruere molded froo part of the hot sam-

ple immediately on sone of the jobs. The remainder of the

sampLe r,ras placed in a 50 pound can and taken to the labor-

atory for further work. The truck from which the sample was

taken was folloraed fron the plant to the pavement Location

and Lh'e exact location on the pdveroerrL ruhere this load of

material was placeC was marii,ed. The haul t,ine and the temp-

eratures at the paver and after the hot-nix r,?as spread be"tind

the paver were c,bLained. The can containing the sample was

taken to the laboraEory usuali-y vriEhin 24 hours after the sam-

ple vras obLained. The saraple in Ehe can was warned in hot

water so that it could be removed from the can and handl"ed.

Half of the sauple was then placed in pLastic bags, covered

with disiil-led rvater and seale.i in one gal1on syrup buckeEs.

These buckeEs r.rere labeled "Sanple DL" and stored in the 1ab-

oratory for future study. The l"Iarshall specimens were labeled

"Sample Dl.t" and stored unCer the same condiLions as Sample DL.

The asphal-t ceraent iras extracted from the remaini-ng one-

I
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half of the sarnple of hot-mix i;iuaediately after being received

in the laboratory. This asphalt ceerent recovered from the hot-

slix innediately after mixing is refer::eci to as "Sarirple B".

"Sample C" is the asphalt ceroent extraet.ed from samples of

asphalt concret.e cut from the pavernent three t,o six months after

the paveilent, was put into service. These sanples were cut with

a core drill using an eight inch diameter cutting too1. The

samples were, in ali cases, t,ahen from t,he inner r,'heel path at

the marked locations on Lhe jobs. cireumstances prevented Ehe

obtaining of Sainple C from some of the jobs.

I'Sanple E" is the asphalE cement extracted from the pave-

ment samples obtained in the same Eraltner and locaLion 4s Sam,ple

C but at a lat,er dat,e. These samples vary in age from ZL Eo 42

nonths and are the final sampLes taken. Three Lo five B-inch

cofes rrere cut at each sample l0cation. cores for the ent,ire

depth of the pavemenL r,;ere cut at each location. A11 of t,hese

samples -vror€ cuE fron the inner vrheel path. The various layers

of mat,eriaL vrere separated in the laboratory and only the su.,:-

face eourse lras used for this study. The rnixes stored in the

laboratory as sampre DL and sample DII vrere renioved from st.orage

and t,he asphalt cement extracteci frorn the samples at the time

that the a.sphalt cenent was extracteLl of the uaEching sanple E.

The asphalE cea-rent r.ras extracted from the pavemeat mix-

tures by using the hot refLux rnethod described in ASTi,i D?LT2-63T,

Quantati',re Extraction of Bituminous Paving l,iixtu'ces, riethocl D.

Trichloroethylene r.:as used as the solvent in this exiraction.

Abson and Burton (1) arrd liofford (S) found rhar rhe use of

I
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trichloroethylene did not change Ehe properties of the asphalt

ceraent ruhen used as a solvent, for the extraction. The asphalt

cement \,ras recovered fron the solution by the distiLlation pro-

cess specified in ASTI'I D762-49, Iiot Extract,ion of Asphalt I'I,ater-

ials and Recovery of the Bitrmen by the }lodified Abson Procedure.

Only rninor changes were necessary in the procedure using trichlor-

oethylene. The sclution boiled af a temperature of about, 190oF.

Carbon dioxide r,ras lnt.roduceci into the flask vrhen Ehe temperaLure

reached 2O0oF and the fLow of gas was maintained as specified.

The asphalE cernenE reco',/ered by this Process was Flaced in 3-

and 6- ounce oi-ntrnent boxes for testing.

Table I lisEs the jobs that were sampled along vri.th other

information about, the jobs and samples

I



Job
Number County

Date
Placed

July 64
Aug 64
Aug 64
Sept 64
JuLy 65
Aug
Sept
Sept
Oct
0ct
0ct
Aug
0cE

Age
Final

Sample
Ilonths

No.
Sorpl.

447 3
2-509
L370
2'cSL
^ ...1O- -f IO
2-528
Z') Jt+

.,.. , 1lr-f1,4''
9-518
2-536
2-527
9432
1 L-681

Logan
Arkansas
Faulkner
Arkansas
Conr.ray
Jefferson
Jefferson
PhiIlip s
B oone
Lincoln
AshIey
Washington
Phillips

sii
SH

sil
sii
SH

US

SH

US

US

slI
US

US

US

22
11

5
4
6
4
5
6
6

2
6

6
6
6

3

65
65
65
65
65
65
66
66

4L
4L
40

36
130
113
7,boI
BI
49
62
8L
82
7L
49

3L
30

31
27
31
2L
26

--Eaintenance operations obliterateci the surface at the
test locations on Ehese tr.ro job s therefors no f inal saraples
taken.

9

TASLE I

LIST OF JOBS SA}IPLED

High',ray
Nurnber
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TESTING

AlL testing roethods conformed to the American Soeiety

for Testing and }iateriaLs and the American Association of

sEate Highway 0fficials standard l.Iethods of Test,s in so far

as they applled.

Penetratlon test,s were made at 77oF - ZOO grams, GOoF -

100 grans, 60oF - ZAo grams, 45oF - 1oo grams, 45or - 200

gramsr 39.2oF - 100 grams and 39.2oF - 200 grans in additlon

to che usual 77og - 100 grams.

Ductility tests were made at 77oF, 6bof, 45otr and 39.2oF.

The. rates of strain vrcre 1 cs'l/mirr for the tests at 45oF and

39.24F. The clucEilities aE 77oF and rate of strain of 5 cm/

min rqere not saEisfactory because the original- samples a1l

had ductirities of over 150 cm. rshich is the capaciry of the

machine. Ductility at 60oF and strain of 5 cm/a.rin seems to

be the best subsEitute for the st,andard 77oF test.

Absolute viscosities were deterrnined at 140oF by ASTII

Designation D2171-63T using the cannon-l'lanning viscometer.

The ternpereture was 140oF and the vacuum was 30 cm. of mer-

cury. rt rsas found that in a few cases it was not possible

to obtain viscosities because the asphait cement had a vis-
cosity above the range of the largest cannon-I'lanning Visco-



11 .i

meter.

A11 of EIte samples taken for Etris raork ruere taken from normal

construction jobs. No changes were made in the usual Arkansas lligh-

way DeparEment construction specifications and no special conditions

were imposed during the taking of any of the samples. Each sample

taken r.epresenLed one truck toad of material usually requiring five pug-

mil1 batches Eo load the truck. sample B was extracted from the mix

removed from the truck and this sample was a composite from all of

the batches. The batch mixing time was 15 seconds dry mix and 40 seconds

wet mix. The enEire sarnple was discarded if any of the batches were

held in the pugmill longer than 55 seconds. Likewise, the sample was

discarded if t.here was any variation from routinq during the process

of hauling and spreading the nixture on the road

The Arkansas llighway Department. maintained a control laboratory

at each hot-mix plant during the entire job. The laboraLory inspector

makes check tests of the aggregate gradation, asphalt content, densities

and Eemperatures. 411 of this information \.ras made available to the

investigators during the Lrr.r"rtig"tions.

The pertinent data for each job are'shorqn on the folloiving pages

12 through 24.

i
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roB 4473

P la ced

Type Construction

Thi eicrre s s

AsphaLt Cement Brarrd

Coarse AggregaEe

Fine Aggregate

F i Iler

Ihxing Temperature oF

Plaeing Temperature oF

Asphalt Cement Temperature oF

Asphalt Cement Content,

Percent Voids, as placed

Percent Voids, t'E" Sample

Aosolute. Specitic Gravity Coarse Aggregate

Bulr Specific Gravity Coarse Aggregate

Aosorption Coarse Aggregate 2/+ IIours

Specitic GraviEy l,lineral Fi1ler

-- July, 1964

-- Surface Course on 2" - 4,,i
Type 2 Binder, Emulsion Tacr

-- 1.5tt

ll l !r

-- Crushed Sandstone 72"L

-- Local Sand 23%

-- Batesville Limestone Dust )%

-- 300 - 315

-- 300 - 3L2

-- 300

-- 5.b

-- 4.5

-- No.
No.

-- 2.)y

-- 2.53

-- 0.uy

-- 2.70

1
4

0.6)\

I
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JOB 2 - 509

P laced

Type Construct,ion

Thickne ss

Asphalt Cement Brand

Coar.se Aggregate

Fine Aggregate

I rIler

Ili-xing Temperature oF

Placing Temperature oF

Asphalt Cei'rent TemperaEure oF

AsphalE CemenE ConEent

PercenE Voids, as placeci

Percent Voids, t'Et' Sample

Absolute Specific Gravity Coarse Agg-regaEe

BuIk Specific GraviE,v, Coarse AggregaEe

Absorption Coarse Aggregate 24 Hours

Specific Gravity }tineral Fiiler

-- August, L964

-- Resurfacing - Emulsion prime

-- 1.5

lln tl

-- Crushed Syenite 857.

-- Local Sand 107"

-- Ba t.esviile LirnesLone DusE 5%

-- 29e 2B0o; 3050; 2g5o.

-- 285 - 290

-- 300

-- 6.0 - 5.9

-- 3.2

-- 3.1

-- 2,63

-- 2.57

-- 0.82

-- 2.70

I

1t
rl
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JOB 2661

P laced

Type Construclion

Thickne s s

Asphalt Cement Brand

Coarse AggregaEe

Screenings

Fine Sand

Fi 1 ler

Mixing Temperature oF

Placing Tenperature oF

Asphalt CemenE Temperature oF

Asphaj.t Cement Content

Perc-enE Voids , as p1a ced

Percent Voids, "E" Sample

Absolule Specific Gravity Coarse Aggregate

Bulk Specific Gravity Coarse Aggregate

Specific Gravity Sand

Specific Graviry i'iineral Fi11er

Absorption Coarse AggregaE.e

15

-- September, L964

-- Resurfacing 0ld AsphalE. PavemenEs,
Type 2, Emulsion Tack Coat,

-- 1 .5t'

lln ll
D

-- Crushed Syenite 75%

-- Crushed Syenite 10%

-- Local pit 10%

-- BaEesville Limestone Dust 5%

-- 295 - 300

-- 285 - 300

-- 290

-- 4,77" - 5.0%

-- 4.2

-- /r.0 - 4.1

-- 2,63

-- 2.57

-- 2.52

-- 2,70

-- 0.90

I

I
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JOB E - 516

P laced

Type Construct,ion

Thickness

Asphalt Cement Brand

Coarse Aggregate

Fine Aggregate

Fi 1 1er

I"lixing Temperature oF

Placing Temperatu:u oF

Asphalt Cement, Tempe::ature oF

Asph:1.t Cement, Content

Percent Voids, as placed

Absolute Specific Gravity Coarse Aggregate

BuLk Specific Gravity Coarse Aggregate

Absorpt,ion Coarse Aggregate

Specific Gravlty l,Iinera1 Filler

-- JuIy, L965

-- Type 3; Surface on New Crushed
Sandstone Base

-- 1 ?qil

lln ll

-- Crushed Sandstone 7O%

-- Local Sand 25%

-- Batesville LimesLone Dust 5%

-- 300 - 310

-- ?85 - 300

-- 300

-- 5.3

-- 5.0 - 5.3

-- 2.60

-- 2.52

-- 0.85

-- 2,7A

I

I
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JoB 2 - 528

P Iaced

Type ConsEruction

Thichness

Asphalt CemenE BranC

Coarse Aggregate

Fj.ne AggregaEe

Fine Sand

Filler

l,lixing Temperatur.u oF

Plaeing Temperature oF

Asphalt Cement Ternperature oF

Asphalt Cerirent ContenE

Percent Voids, as placed

PercenL Voids "E" Sample

Absolute Specific Gravity Coarse Aggregate

Bulk Specific Gravity Coarse Aggregate

Absorption Coarse Aggregate, 24 Hours

Specific Graviry }lineral Fil1er

-- August, L965

-- Type 3; Resurfacing 01d Asphalt
PavemenE, Emulsion' Tack

-- 1.5';

It 
^ 

ll

-- Crushed Syenite

-- Crushed SyeniEe

-- Local

-- BaEesville Limestone Dust 57.

-- 310 - 305

-- 295 - 305

-- 305

-- 6.r

-- 5.0

--Samplel-1.0Sample 3 - 0.9

-- 2.63

-- 2,57

-- 0,82

-- 2.70



JOB 2 - 534

P laced

Type Construction

Thicl<,ness

Asphalt Cenent Brand

Coarse Aggregate

Fine Aggregate

Fi l- Ier

t'lixing Temperat,ure oF

Placing Temperature oF

Asphalt Cement Temperature oF

Asphalt Cernent Content

Percent, Voi<1s, as placed

Percent Voids, "8" SampLe

Absolute Specific Gravity Coarse Aggregat,e

Bulk Specific Gravity Coarse Aggregate

Absorption Coarse Aggregate, 24 Hours

Specific Gravity }iineral Filler

1B

-- Sept,ember, 1965

-- Resurfacing O1d Asphalt ConcreEe,
Emulsion Tack

-- 1.5"

It^lt

-- Crushed Syenite 80%

-- Local Sand 15%

-- Bat,esville timestone Dust 57"

-- 310 - 300

-- 310 - 295

-- 310 - 310

-- 5.0?/"

-- 5.5 - 5.3

-- 4.9 - 5.1

-- 2.63

-- 2.57

-- 0.82

-- 2,70
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JOB LL - 524

P Iaced

Type Construction

Thickness

Asphalt Cenent, Brand

Coarse Aggregate

Fine Aqgregate

Fi I ler

llixing Tenperatut" oF

Placing TenperaEure of'

Asphalt Cernent Temperature oF

Asphalt Cement Content

Percent, Voids, as placed

Absolute Specific Gravity of Aggregate

Bulk Spec.ific GraviEy of AggregaEe

Absorption Coarse AggregaEe, 24 Hour

L9

-- Septeraber, 1965

-- Type 3; Resurfacing 0Id Asphalt
Concrete Pavemen!

-- l.5t'

Itn tl

-- Crushed Lir.restorte 77"4

-- Local Sand - 23%

-- Dust Fror'T Coarse Aggregate ( 6,6"L)

-- 305

-- 285 - 310

-- 305

-- 5.4

-- 4.5

-- 2.85

-- 2,78

-- a.72%

I

I



JOB 9 - 518

P laced

Type ConstrucLion

Thickness

Asphalt Cement Brand

Coarse Aggregate

Fine Aggregate

Filler

l"lixing TemperaEure oF

Placing Teniperature oF

Asphalt Cenen! Terirperat,ure oF

Aspha.lt Ceri:ent Cont,ent

Percent Voids, as placed

Percent Voids, "E', SampLe

Absolute. Specific GraviEy Coarse Aggregate

Bul.k Specific Gravity Coarse Aggregate

Absorption Coarse Aggrcgate 24 Hours

2A

-- OcEober, 1965

-- Type 3; Resurfacing Old AsphaLt
Concrete Pavement

-- 1.5"

_- ilAil

-- LocaL Crushed Limestone B3%

-- Local Sand - 17%

-- Local Limestone Dust (6%)

-- 295 - 300

-- 295 - 290

-- 300

-- 5.70

-- 4.L

--?o

-- 2,7 3

-- 2,52

-- 1.20%



JOB 2 - 536

P laced

Type Construction

Thicliness

Asphalt Cement Brand

Coaxse Aggregate

Fine Aggregate

Fil ler

llixing Temperature oF

Placing Temperaiure oF

Asphalt Cement TemPeratur" oF

Asphalt Cenent Content

PercenL Voids, as PIaced

Percent Voids, "E" SamPle

Absolute Specific Gravity Coarse Aggregate

Bulk Specific Gravity Coarse Aggregate

Absorption Coarse AggregaEe, 24 Hours

Specific Gravity ]'iineral Fi1le-,:

2L

-- October, 1965

-- Type 3, Resurfacing 01d AsPhalE
Concre Ee

-- 1.25" - 1.50"

-- 
llBll

-- Crushed Syenite 85%

-- Local Sand L0%

-- BaEesvilLe Liniestone Dust 5%

-; 295 - 290

-- 285 - 290

-- 300

-- 6.0

-- 5.8

-- 5,6

-- 2.63

-- 2,57

-- 0.82

-- 2.70
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JoB 2 - 527

P laced

Type ConsEruction

?hickness

AsphalE Cement Brand

Coarse Aggregate

Fine Aggregate

Fil1er

I"Iixing Temperature oF

Placing TemperaLure oF

Asphalu Cetnent Tenrperature oF

AsphalC Cernent ConEent

Percent Voids, as placed

Percent Voids, t'Et, Sarnple

Absolute Specific Gravity Coarse Aggregate

Bulh Specific GraviEy Coarse Appregate

Absorption Coarse AggregaEe

Specific Gravity }lineral Fitler

-- October, 1965

-- Type 3, Resurfacing Old Asphalr
Concrete

-- 1.5"

_- lrAlr

-- Crushed Syenite 65%

-- Local Sand 30id

-- Batesville Lirnestone Dust 5%

-- 285 - 300

-- 275 - 290

-- 295 - 305

-- 5.5"1

-- 4.2

-- 4.L

-- 2.63

-- 2,57

-- 0.82

-- 2.70

I



JOo >.+J2

P laced

Type Construction

Tnrcrness

AspnalL Ceurent orand

Coarse Aggregate

Fine Appregata

Fine Sand

F i 1ler

I"{ixing Temperature oF

Plaeing Temperature oF

Asphalt Cement Temperature oF

Asphalt Cement Content

Percent Voids, as placed

Percent Voids, t,8,, Samples

Absolute Specific Gravlty Coarse Aggregate

Bulk Speciflc Gravity Coarse Aggregace

Absorption Coarse Aggregate 24 Hours

ZJ

-- August, lybO

-- Type J; Surtacrug on 2,,Type 2olnder Course - New Constiuctron

-- 1.),'

-- r,A.,

-- Crusned Liruestote >2L

-- Crushed Limestone 38%

-- Arkansas River, Van Buren 10%

--' Local Liqestone Dust

-- 305 - 32A

-- 300 - 310

-- 300

-- 5.8 - 5.9

-- 4.9 - 5.0

-- 4.9 - 5.0

-- 2.77

-- 2.72

-- 0.58



JOs 11 - 6s1

P laced

Type Construction

Tni.crness

Asphalt Cement rrand

Coarse Aggregate

Fine Aggregat,e

Frl1er

lI:-xing Temperature oF

Placing TemperaLure oF

''rpha!.8 Cenerrt Ternperature oF

t Cement ConEeut

,oids, as placed

. srcent, Voids, "8,, tJaruple

Aosolute Specrtlc Gravrty Coarse Aggregate

uulr< Specrric Gravrty Coarse AggregaEe

Aosorption Coarse Aggregate 24 Hours

24

-- 0ctober, ly66

-- Type 3; Surtace on Type 2 uinder,
Nerq Constructi.on

-- 1.)"

__ trDr.

-- Crushed Li.mestone

-- Local Sand

-- DusE rrom Coarse Aggregate b,/"

-- 3ut)

-- 2to

-- 30{J

-- r 1ol
J.Llo

-- 4.)

-- 4.2.

-- 2,64

-- 2.7 )

-- u.78
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]'iATERIAIS

AGGREG}.TES

Six of Ehe thirteen jobs studied used syenite, a dense

fine - grained igneous rock as the aggregaEe. The absolute

specific gravity of this syenite is 2.63, and Ehe 24 - hour

absorption of vrater is 0.82"L, A11 of this material is ob-

tained from a quarry near Littl.e Rock. The fine aggregate

was syeni.t,e screenings frour the same plant,. Fine sanri iu'as

used to supplement chese screenings. Five of the jobs used

crushed limestone obtained locally and two of Che jobs used

local crushed sandsEorre,

Some sancl r.ras useci ia all Ehe jo:s, Ehe amount va::ying

frou 10 percent to 25 percent. This sand r"'as obtained frorir

the Arkansas River at various lociltions near the job siEes.

The saird has a specific gravity of 2,65.
' Nine of the jobs used Batesville lilrestone dust as min-

eral fi11er. This is a d.ust produced from a counercial quarry

at Batesville, Arkansas. The remaining four jobs used lime-

stone dusE as the rnLneral fill-er, tiris dust being obtained

froin the saure crusher as the coarse aggregate. The BatesvilLe

lirnes.lone dusE, has no plasLicity.

Figure 2 is a grain size cur.ze for the Batesville li-me-

stone Cust.
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ASPHALT CEMENTS

The asphalt cements used on these jobs were veryconsistent

in their properties. It was sometimes found that the asphalt

.cement for two or more Arkansas tlighway Department, jobs were

being supplied from the same refinery tank and that one sample

served for several jobs.

Asphalt Cement Brand "A" r,ras'used on five of the jobs and

Brarrd "8" was rrsed uri sevetr of Ehe-jobs. Brand "Ctt -";as used on

on1yonejob.Six_samp1es},eretakenofthe.Brand''C,!-.job.,but._

it is believed that this is not sufficient t"o give-any,meaning-

Iful results.

Both Asphalt Cements Brand 'rA" and Brand ,,8,, are refined

from the same crude oil. This crude oi1 is. locally known as

ttsmackover select.r' Asphalt cement Brand ,crt is obt.ained from

an entirely different crude oil.
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THE EFFECT OF VARIATIONS IN i,IIXING TffPERATLTTE

An attempt, was made to sEudy the effect of the vari.ations

ln mixing temperatures by rnixing smarl batches ln the rabora-

tory. A Iocal limestone was chosen for the aggregate with

Batesvl.lle limestone dust as the mineral fi1ler. The asphart

cement was Brand "8" from the same producer as that used by

the Highvay Department.

ForLy-pound bat,ches \rere roixed in a Heatherlngton an<i

Berner twin-shaft heated pugmill. The aggregate and asphalt

cenenE were heat,ed in eLectric ovens to the clesi:ed tenpera-

ture prior to mi:rlng. The rnixing time in the pugmill was one

minute. Four ni.xing teii:peratures, 250oF, 275of , 325oF, and

35OoF were used.

The asphalt cement, vas extracted from these batches after
the mixture had cooled. penelrat,lon and ductirity tests at

77oF, 5ooF, 45oF, and 39.2oF were mad.e on the exLracted aspha!.t

censnt from these raixtures. Table rr shows the results of

these tesEs. These results do not indicate any effect due to

the changing of Ehe mixing renperature. At 77oF the loss in
peneLration varieci from 21 percent ta 23 percent. Three of

the four batches shorving a loss of 23 percent rrith both the

batches mixeci et 25CoI and 350oF sho-wing a 23 percent loss.

The same effects are appaient for the other test temperatures.
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The change in ductility shor,'ed the sane lack of varia-

tion. For instance, Ehe original ductiiity at 60oF iuas 48 cn.

and tire ductillly afLer rnixing varied from I0 cm. at 250o.r ro

9 cro. at 350oF .

Table III shovrs the reLationshlp of the urixing tenpera-

ture Lo change in ductility and penetration of all of the

samples taken in the fieLd. Penetratioas and duct,ilities

shor.m are Ehose of fhe asphalt cemenE extracEed from the

"BI Samples tal:en irmnediately after mixing. There seems to

be no relaEionship betneen penetration and ducEility and the

various urixing tenperatures.



77
60
45
39.2

Orig
A.C .

56
27
L2

9

43
22
9.
7

30

Speei
cm/nin

TABLE II
. EF}'ECT OF

VARIATIOTi IiI }IIXING TEMPERATURES

Te st
Temp

cF 250
Pen 7" Loss

Mlxing Temperature oF

275 325
Pen 7l Loss pen 7. Loss

350
Pen % Loss

44
22

9

7

23
22
25
22

43
2L

9

7

43 23
2L. 22
10 L7
722

DUCTILITY

Mixing Temperature oF

275 32s
Duct % Loss Duct % Loss Dtrct

2L
L9
25
22

23
19
25
ZZ

Te st
Temp

oF

rig
.c.

I50+
4B

7

7

o
A

77
60
45
39

1090
10

5

5

76
10

5
5

2

?50
Duct 7. Loss

79
19
19

79
19
t9

116
10

5
5

79
19
19

5

5

5
1

A

9

4
5

350
% Loss

81
43
19

PENETRATiON
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TABLE IIl
RELATIONSHIP O? I,IIXIIqG TN'IPE-ESTLIB.ES TO

C}IANGE IN DUCTILITY AND PENETRATION DURING I'IIXING

BRAM A

31

Temperatur"" oF

Asphalt AL Paver
Cement

I

305
3L2

290
285

296

280
285
310

le1
2
3
4
5

Samp

Ie1
2
3
4
5
6

I
2

3
4
5

6

285
300

le1
2

3
4
5
6

amPS

Jra.J47 3

Job 2528

anP

Job 9518

Job 2527

Penetration
770F

42.8
40.0
45.4
32,6
33.0

45.0
47 .3
42.5
44.6
45.0
47 .5

DucEility
6ooF

Mixing

I

L6.4
18.9
18.4
17.0
10.0

32.7
20.6
2L.4
LL.7
LL.7
L2.g

L2.5
11.0
11.1
L5.4
13 .6
L3.2

L6.9
18 .6
13.6
L2.L
14.0
L7 .L

315
310
300
295
295

310
305
305
305
300
3C0

zio
290

285
300

300
308
300
305
305
300

300

305

29s
305
295
295
300
295

285
295
290

29s

275
265

1eSamp

300

300

51
51
4B
44
43
43

33
30
32
32
34
31

9
0
7

5

1

0

0
8
2
6

7

I

l

,-_l



TABLE III - continued

BRAND A CONTINUED

Ductility
60oF

32

Tennperatur"" oF

Asphalt At, paver
CemenL

I

l

IlixingPenetration
770F

Job 9432

285
300
285
28s
290
275

320
315
285
310
305
25s

320
315

310
305
260

6
6
5
0
5
8

25
2l

44,6
44.2
38 .6
3s.8
38 .3
31 .5

le1
2
3
4
5

6

amPs

13.
5.

13.
5.

,l

i



l

i

,ri

I

TABLE III - continued

BRAilD B

Ductility
600F

8 .50
7 .62

10 .12
9.75

L2.37
24.87
LZ.5
LL.2
14.8

17 )
11 .q
l_2.8
10.9
L2.2

11 .9
L2.4

10.
11.
13.
L2.
L2.

33

Temperaturu" oF

Asphalt At Paver
Cement

Ilixing

I

I

Job 25C9

Job 1370

.Iob 2661

, Sample I
2
3
4

Job 8516

Job LL-524

Sample L

2

Job 2535

1

2
3
4

leSamo

t
2
3
4
5

16lel
2
3
4
5

6

Samp

PeneiraEion
770?

50 .5
51 .1
50.4
49,8
53.3

4t.4
1

48,2
45.s
45.0
49 .1
49.4
53.2

49
50
49
54

4t
44
43
59
53

43
50
44
44

2
4

6

5
2
2
7

8

290
280
305
29s

290

290

270
280
290
280

285

295

3C0

z6)
275

300
310
,:o

lel
2

3
4
5

Samp

295
280
300
290

300

L4.2
L4.4
8.5
8.9

6

1

1

6

5
5
E

5

5

5

275
28s
285
290

300

I

LeSar'.lp

305
310
285

295
295
290

285
300
295
305
285

285

50

275
275
285

285
275
294



TABLE III - continued

BP"AiiD B COIiTINUID

Ductility
6ooF

t-s.z
12.0

BRAND C

Ductility
6ooF

Temperat,ur"s oF

AsphaIL AE Paver
Cement

Penetration
770F

45.7
45.8

PenetraEion
770F

54.2
47 .5
43.9
48.6
50.6
53 .3

l.lixing

1eSamp

Job 11-681

Job 2534

Sample

1

2
3

I

dr
I'\

Mixing
Temperatures oF

Asphali At Paver
Cement

1

2

3
4
5
6

t7
27
13
L7
L7
15

300
290
305
305
280

310
295
285
300
300
275

,:t

324
320

3104
5

9
6

9

0

I

34
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THIN FILi"l OVEN STUDIES

The lnvestigation reported in this chapter was not

planned as a part of the original investigaEion lnto the

physical changes of asphalt, however, some of the results

presented here may prove of value in exami.ning the results

of the whole investigation.

This work lras accomplished by l'1r. Jerry Baber, Gra-

duate Research Assistant, for the purpose of his Masterrs

Thesis. The purpose of the invest,igation whs to study

and compare the physlcal changes ln two Arkansas asphalts

when subjected t,o exposure for varying lengEhs of tirne ln

the oven under the standard condltions of the Ihin Fikn

Oven Test, ASTI1 D L754 - 60t.

Many attempEs have been made Eo predict the aging

characterlstlcs of asphalEs under servlce condttions. Lewis

and Halstead (4 ) found that five hours ln the thln fllm oven

test approximated the changes that take place in an asphalt

during mixlng in a hot-mix piant. The time in the oven on

this lnvesLigation r.ras extended to 24 hours to grovide daEa

for cor.rparison with the results of the primary investigation.

The asphalt cemenEs used iu this investigation are the

same Brands rrArr and rrBrt as those used in the primary lnves-

tigaEion of the physical properties of asphalt. Samples of
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1

I

each Brand trArl and Brand "B" were obtained in the 60 - 70 pene-

tration grade and the 85 - 100 penetration grade. The samples

were t.aken at the refineries from tanks held for shipment to the

Arkansas Highway Department jobs. The samples were received from

the refineries in five gaLlon containers. These containers were

placed in a water bath and heated until the .material was soft

enough to be transferred to one pint friction t,op cans. The pint

containers were heated to 275oF in an electric oven during pre-

parations for each individual test. The material in the pint cans

lrere no! heated a second t,ime. Any material remaining from the

origi.nal sample preparat,ion tvas discarded.

The only variation from the standard Thin-Fi1m oven-Test:* . .

was in the time in the oven. -The times in the oven for the

different samples were 2, 5, LZ, 18, and 24 hours. trrrJe test,s

of each asphalt cement, were made at each time in the oven. At

the end of each test the asphalt was transferred from the thin

film oven dish to six ounce ointment boxes for subsequent testing.

The tests performed on the residue from the oven r^rere: penetration

AsrI,I D5-61, Ductility AsrM Dl13 -44, and Absolute viscosiry ASTI"I

D2L7L-63T using the cannon Manning vacuum viscometer at 140oF.

Tables rv through vrrr show the results of tirese Eests.

Figures 3 and 4 show the increase in Absolute viscosity with

time in the oven.

I
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t-1IS]]'.r -rA-,'r- --;l Ci.l-_,;IIL :

)::ti --.-.:.'.t tr"- .-. ':-,C:l -.:----'

Sa.:.-.ie Lo:;.:-,-:. r.r-'.:.-'::a c:'"=. ?-r,..:e e:3 i-, ', c::::l:s i::::l ti-:

s-:::i;J3 :-s iir;r' Ji-:;.r. 1..=:-',1 6tirt rrL:.ri:,lus Si --i:'; c-l ir.*:;,.-e'.i

bl;.c.ij:." i:r frr,'i.:-rsi'.,ir l;iiael-,:aLi:. Ti.ie cu;-S.:...:,3:.h:,:i,;-:;l-r j-s

rc:.'i-bl.;,:l< anll Ell:--': i;J i:i1t'.'e-,,i.i'r-ccS c.i'c1-::::.13. th: r,:i:..

a!r.ofie:s io be ..'27,; !:-.=. S::.-;-l 3 lccaii-c,r ;ri.,r'b1'a I-:; . il:e si',r-

face :'-s ir, e:<ccl.ie:'ri c,--:riji.!ic,',:: t:..i1 ic:;.iic::. Tlr.:.re a-r-'e a

f ei.' f i::.: 'ol-acl: ii;:,:s i.rrdice,iii': i i;:..::,i.:ir:;:l b-cc,r.',r. i;-r t!,: .-.r.1 '- -

side :rie:I par-lr 'Dui no;l;: ili uhr i::sii. '..:te.-,i. ; iilr. i-:.. r:-, e -

:-tr?aLL ,iie:r nii rr) rrtn?.' io bc as i','i- at uhls i,-.:ir::'.i.,:'. S.,:'.:t,l.c

lo,:a,--ion r:'-::.il:::' '-i:.:e. ii.e s'.i.::ecc i,: e::::l-J cr!. !a..'" itr':.j

an.j s::-.;iir. .\ f:r'i'.i.ie.i.:':s c: iiici.ri:::.i b..'-::ir.q':i:r i.1:: r-':-'t-

cil: '.r..-.al -,,-1. b:t nc e,.ij..-:.;.::f bli.:._..:tI 1n r.::. i::.::c:-,,..-LJ rr!

r':i.e=1 ::ilt. S;,=pLc loca--io:r !'li.lr:'.,e:' j,ri:. Th:.'= are a fa,'

fine b-1-ac':-. ll.r.e-= ii:j.:c.,::.r..-'l:Li:-.,:'.aiar:I;icai-i.i:i in ih::'.as;i:1 :

vhe:i .rr:r.Ehr':.:i- ll.ri3 :r i1:: cu:sj.:'-l:'::,rgl- t:t.". f:r,..t :.::l::ci

i-" 1i: E:.::eiie ::i: ,r.;;rr,i.iit,:i. S.:..:.'l-.: 1c,.::1.-,-.i i'r.':.,1 a-: f i-',':, i-s i-i,.-

sii: th: cii;,' i:.:!;i €, s'a:-'!ei ir.i:e ';-r::--;ci. a:.i :L a dri.':r::1. t:

a s3:v:-'t :l:-:i',:::. ii'.;;.- i:-a i-.,-.:..' -:"..-.-r::i-i'i.t --f ,::'-i ,:l:.t'-

::-i3 :c ti-:i: 1:':.:.::'::.

\

'l

il
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I
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J03 2-509
State l{i;r:ay 11, .iirl:ansas Co':riv

The surface of thi.s p-rojecr- is gene::aL1-y j.n e:icelient

cond,iii-oa. There aie a. f ev s-a11 c;acks i:-, th= or_ri..::: r..i:.eei

paih. At ssr,iple nurb;r one loceCi,-n rrp-cracti,rg ap.:aj:s at

one p1ac3 !n an a:ea o:i abcut t:.;.: f:,: s?:ar,e. There aie t.r,,c

cr th:f ee t-;a..-tsi,.erst cr:rr,l:s ei.31t i:-cl-,,=s icng. There :'-s cne

ve:y s:r11. tir.::s'.'l:s:j c:.r;'.r ei"^-:,-e::. i;1cl,:s J-cr1 ai ti'.e 1t,ca-

tion of sa:lpie :rr-r;:be:: ii;o aii 1-1,.i:::e is cle 1c.i:r:i';r:,jilr.-ii c:ac.,:

tt';g;:l:1,-fcr:-:: iircl.ii,r lo.'.:; p;ifi 31.,6.i; ii:.ie: f eei i-,'o: t';:e i-:ige oi

the .oa .'J:.'.li.i ii:.:.L' tl:: ctC c r :,lt i.:.-:;.',;:. -..'. tt-: s:.-r;i.e n'-. ..::-

th:ee i.';s 31acad. )ic ci'a:1:^:a: :'-s e.;j..j:,:i ai eii ai s:.:::l-3

l-ocaiic.rn :tr'.:.1. .,:' fc'-:r- .

JOB 137C
Staie l{ighr,ray 35, Faulir;:er Cou.rty

Sar..1;1e loca:j,c,.i n'-,;,:btr one is c:1 e s:33a a:,:ei.,,;..lri.: gi.;.J.:

a:=td ihere are etio'ences of oii C;ip.;i:-rgs i:: ilie:)airc::ili1 i 1;Lt3i:

scl:: cf il:: s.:.:;;1.Js i.:c:e c'::L f-;c::r ihe c:-,irr,'-e::.t. Th-c -"i:.1-i,ii-e is

in excclielr c,r:.dii:-,-r. €r,.r :tJ, c'i-.c...i a--a u..'a'a:..a. T1...:l: i; c,n:

s::"ail- l-ci'';.:- i'-ri:i-r::1. ci.-c",- ,: i s=::-'L€ i,-,c.?.tt-r::, n*':'.1. j; s,.:.: . I; .c

cla:l: i.o a.r;r;:.:-- r.:)i;.- s;,'-:, :eai:, 1u!'...j. ;. 1 i1:: ,.:.:.r.3 llrr-.:iicr:

1i......
L',:J-',: C',- _ !',,.

ari'. 3:::::.-1-r-:- l

::::-:s'-e-:s,: c:'i,:1..s l:.-i.-- ,--.:--: -. - il:,-: t:::i:: :

--.: . ..-..: ."; .-:-: ' :.- f:.:- ,::. -r ..-.,... a:-. l -

t.
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hali fe:r. :h:!e :t:.': ;i: cr.l_-: il.iec!s i.r, t1..,= s.j-_fe.-E cf tr.i_.

job. i'he su'riece i; a::c,:i1:n; i:i te:<ture arr,l se -:n; tc be l.el-I

-^ , i 
^ JD"_; rcg .

.i'08 2651-
S laie l{L;1...:a1' L30 , }-ri..ar-r: s Coui::',,

The surfrce of this job is gene:' riy in e:r.;eiient. :oniri-

tion. lio c-rac1..s ',.:ere ei,i.der.i in the loca iicrs of s;nl1es ni,i,,1-

ber oire, thiee a.-'ri foiri:. Tir,:-1. :.'as a si:.31e i.c:-:gi!,.:Crn.il s-i:ic.lr.

i:r th;: oil:er ..;iee ,'- -.::lr. fsr a::;ui f if t1" f ae,.- e " si::p1e r..::,.h::

tr.ro LocaLi.,r:.. liri; ie:"i,:'.i.;i:'-n:l_ c:r.aci.; _n lhe cu:e.:: r.;':e:i pct;-l

rirs ir sl-.o':L 1::rgii,.s;;::.,-lnr j::..,.: t,,:l^..: l.q. i:-.:;..-ijE_.: i-.,:ll.s

1c,.ig.

._r-,1 j-)_.:)

.ii3l',-,'4-.' L'3 7:, _;if:ie-,-;::.'-i,-.:,i-...

Tic'.-iC a'te :1o C:-'iJ'-.S :'.n ..r.i. 1, -i-, -.. r. -. '*,..: .i,,_.jr_c:- i_, i:t

e:<cc11:-.ri cc::,iil:ic::. Tir3:.-,1 -rs, h.,):-3..gr-,; s.;:11 e:.lor:.rr- c-[

h1 -.-. ,-:- - .--i.'--..-u: j-*,,-::e J,...._,iia. ..-,1 :t-]'f D_?. -.: 1c:.:::..:-.-.1 :l . I ii.-:S .:::. r...iti_

e::c,is il b:-.r, -,i,:.-:L ;:.i'::.:. Ti,::-: a;3 a f1:.. g_.gi-s :..'...!::: .ri:-:::i

., u;j-...-.-'-r t_,) U;-!.... .-.. .a-! L,J._. _L.J. , -. -,.,

foi',1 a::li ii...-e ii.,:t'-c:-':-, ,;1,:i b1l:i'i;_; :: t,.,.:liir,ir.:. ii._..", ar=

a::1-1 ?i rr,:.cl: s-r::s -'-:::li:--.:1::..: 1.,_r;,:i::1; ei s:.r.:1.: li:;:;:.i._: :i..r::-
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bc; c: -. i.:: br-:h :-'::.i,..' a;::' a:-:- l-- --'.r.::l r:11.,:

Ja-, o :a/

Ql.l^ :--'e1,,.-,- Q1 -^r-c-----o'-cr!-i :.-(:.:ll.i:'.- i:, -,e I-?f Su-lr. -4,-:f ;]'

The su-:fa:e o: r1:: 7:-.',:;:.::1: el ail si:; s:rrrr j e lcr:.,: i. c,::s

is i r €':c:i1.i:i ccodi. licr. T".:::a E.r€ s.-':--.c tl;'_n b1:cl: l_i.nes

i:', a 1-c:r3ilu-':':-.; i di.rectic:t -:-- .-ri:.1 l.':e e1 :i.il. tr-C:lc.: ciir3 i-;l-

ci;ie:',! bies,i:,i.:ig. Tire o::c:: :;1"i.:ci !:th shc:;s r1r:.:l oi :l:ic.::

lir:s ll',al c:,:s !iie i:.r.i'-' r.l-r.:e.1. ?..t'.:) ht ,':-.. i:, botl: -.-!::: l

?;.;l:s .t-'3 sc:.'.,:-.'':.ri: ce..'l-.ci' Li.a,t 1-.': i.=-.-:...,::- br-, =e-: ti:r

rJ..:,--.1 '::--1:c

,'01 9--51.3
iii;i:-.,.r--.' ii i,:2<, :, E icn: lc.'-:iti.r

'jl:-: .-.:j::c:al: h';:r :.,1-'.:l:::l lricl 1.r. lci:1., -;'.:,-:1 7:ti s ;- ,

ve:)- ,^r',j-c:., ar:d i'.;it tl.: e:aei'r2,..?.r of te.rnz.,-ro. -!it,:;": ,:a ai,r:,1-

e:(ci,rs ::::,tr-qie1'se crLci;S lS.i:l-l-r- ba-:-in..i.:,.,- at -ite ccla:ri.i:'-:j.r

c? ct:',.1i.:iil..: t'i.e ('..t11:e: 1tie. l.cs! oj tne .r ii ir_c.: e:.::e::i t.

lile e.,1.,: ci t,'.t- :,:-.'<,-t:.:i. i...:s.': ci.-,i11:.:l a.r j::.ii-' ;-i: l.-..-:-;l.e I o-

c.:ri.ri,'.i u:r:e. L-.c, fi. : :'.-.'l :i.:.,:. :h1s :i.i sl l"*1,:--: l:,-.,:-ii.::

:::i. :: f iil-:, :r:rl :.:;: -i.:'. a,.:f , Jh-., cL':a':.j ;a.t-:-. i.: be a::1,::)-.

c-r'.:.i-:. '. -i: l:-,- ::-- ::.- :-.....'':: ."j: :,:. :-:....-',.:: .:.1 ;1,: :--..-

h:.L. :..:-.., ::;-?-l : . ll:.-,:--e ;:. .--.:i..g ,:-_'::..:^r :l-_ :;..-_-l-, l- ,.:,.-

t

I

i



Eior ::'--:','oe-; i.r-i: . Trlc:l j cf e clcs ai.: t-j6:,.S,-'!.,jr;+ ;i.j '.'3'j:.' in

ie::3;h 5;r.:. c:,= io fu:r l-=-Jt b:3-r.-:i--3 c: :l':.:e:i-::: i::;-=

3:1r-1 e:::enc.j.n3 out i:.:;o the ceni.er l-are. ihere a:.:e no

c::r.cl:s n3a: :lie ec;e o5 tlr: o.:\'e:-:cil :. Ti..e.:e is o_:e 1urn3-

ituii.i:al- cl-€.1i. ai: s::--'.:1e l-:c:tioir nu:,,be: ir.:o. ?his c-racii

is ab: j: E€:: fe.t i.--:r; r::J. a':,::t t'-le r:ic;,-e c-- ;h: E.i.:ffi-c

1a::e. f h::-a e;e ilr::ee :-j-.:'rivu-Sl c:':c-l . i:::i:::i.:.'..: ;, r-lL.=

cen;cr lir:: i:r. s;-lpi,: 1tc.";i.,.',r ;.':i..,ber one. Cn: oi ti.r:se

c-;ac-1:s is abor-rt tr::l,r,.c ir.:li.ils iorq, ri-,e c;he -_- nr: l 1s lbo..r;

ih:-'ue -[:eL 1c.:g. Cn= 1rlr31::.:i:'.::a1 c':.ec'< i; t:.e,".-+ fc:-

Lo:-rg.

Ji- i-f -'l
:'- -.-..-- L :'i-;-....:..n-..i': .-Ii)-:l j . AJ ) L:--:1. -'-: i--r -'-''

th-e s'.r:c-f r ce ;: al-i s;.r,r1-e ic-.:..ri-i-o:.s "rec j.;'l e:.:r:el-li.', *

;:u:'i;cc is t:eil- seileri al:rl ihe:: ei::io

si.gns of ieterici.: i:il..r.i

,i[,.r 2-527
l-'j^:.-..-.. :i F.. .;'1 ,'-.1.., _.-_..:i-...-J u_ r.-, "-

i::e s':,:i: la a - l-:.'.;1..1 lt;..-ii. t',i '_ l: ;',-...-: =, .ii'-:: ...::-

fi,.::t ?':,.:i.'.i-::, 1'.:::: a::1-ri-) s.'.^lts c:l l:lI:-,.-:::t r_-,: i:1-j

1...{.:-:_1 , -:. :l-. .:a S,::r:-= -,.'_"-:-,-._.,_.i*-.: 
':. r' j..::., : --..-.:.:, ii: .. 1..._,-

ccacl'ltior, lhe

)
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n-ar-.-a
t\-J!!lU

Ihe pene;-ra iicn :,.f a s :.ira1i ce:le:r.i g ra;r.-i. A Cecr:e sei ncre

.:,.-i-,i -,.:,-J-^ p'..r;: :.1-. :.i.. -..----it--!,_:1,.;n u5 l-:;l..:,] I . Fi:.rr,. i!r-_r. _-- ..r- -___!-:-r.Jt: L_ )ri..:,* :

iniicaies ih.:i tire a'r3;eS= d:ii-r:a:se c-: p31et:.-a;ii--,;.1 fr;1 fi.r.,.l

s:.:a1gi of i:ai.c -\ 'cs 3:l Jel'u!.-r:. S;-.. tit s;r-._ries oi i::ar:c

3 Cec;earrei an al.'e;:;,;- of 2L .: =:cet ! a s i.l-r irlir::; i, , t'he <ie-

c-reesl iir p.:;::'-;.:Lic'.r cf :,::-,.1 .:', . e:-i:,j f:.c.., 2i; l,J-_._,1 ;...- tc _.,i

;- -\..a.r*.i "h,:l a f:.fin g;,.:-rl-e,,a.-,..3.-l a.iZC-1:;:...r.1:. r.n i)i:i:._

tratioi at. 5) De1'c.i:ti. 'ihc;:g :'-s ur-ri'.r.ii3 ir; i:.diiail r;lt-r. li,tlc

is sc r'.ltch ve:.'.a Ii.,-n i: ti-.j.s -)rt:- t.Lcr-:ia:'. -]c-i . i'i.= ::..i:lir-il tr. tp-

el'atute ..,ii :ir-:(:: !2,:::', 2.'.C";-' .,., 3.:,.,':. r,::-th :. -s'- (,i ihl b;tcil:-,r

ilLi-riril::; al,o': 2:r jt-'r . :l:r:'d ji sl.rr-.-.::c E 1: :--:. r: j.n p?i..::r',-1,:;.i-:;;-.

- --o.-.cf- 77 -i cf 21 -=;:::',r...:..i.;h i '.ii':i.:fi.,-:'. t,,t..:..: l'-,' ?i-lcr_li:- 4:-,,-

29 percta: fl,.': ll-.: s:1."J-'i jcL::, fh- s:l:: s.:..,'-.:3 ':;c:L t.r'.: :air

usi::.g Lr,:rd J s1,-,. :l ir ."rr.3; d:3.'.e.. i; .i 2? :t€-.i: .: i:. l3i::-

traticir. Tht D3niit:ai.i.ois cf fji:.:,-q:1.:;1L c,r...-:,rt ?:{;::acL,,j ft-<_:-,t

rii:ies i-:e<1j.;iei-w .:ite-r r.j.:::int shci ari : p,:rr:i::;'tir-,,: 4f !',r' f L;:

Bra:,:i .'. a::i l: 3 i.-;:; l:. i.i B. in: .;::.-::'.,::ti-. .. j i;.:rr- i c:-

cleit3-l : ::. '-;..,-'.:-l:. 
=i: : .li ilr.', ci I1...-- .1 .l -'.i'--, ';1-, !-'.:-.:l

fe:,' :r.--:.:-hs ;f s:::'.- l,:: , i.ll':...::'.', a i t'-ie "t'.. . r: | !-..- -.-:.-,rrit; i,*-!:.e

is r;a-;.,' li;;lc iiff.::; --.t:- ::'l Il:.: :-,e::li'j,,.i1cr :f :ir: .15_-11^1.ll..

J.l.':.-- --:;: j.,-,-::' :: .. :.: : :t'..-::, l'": :".:'...- :---...-.:.. -.- :i
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Ene S3:.-r..3S ::-.. _ rc.t_. -.. ::: ,_ i -);j:.*i:.: :iC:-. I - ::te e:-:J O j

./.^ -.--!r--^ -a ^!+r i.t.Jilti,S C:- .+ i,:','.::,: lr-,::..*.1 ';:.:,j an ir.;eI€g1 ier.3:Ia:i.?i1 Cf

'i);.^i-i lifrr ^r 
u'^.-L,.r sirr,-.=_r,-c.-.?tit e:.:::el,c:4 f::....r. :i.-+ g.__

ples il::::1Lale1;r- ait.:r-.r.i_irr-3 c5 !,r..::c.i had ei.! aver;git Lcs5

oi (.0 lr-..c;_:-,r :ii i'::;:'.1.-li-r.- j,11.13:i:li::3. Il: ,.a;-::ti,_-n ir.

El:esc r.-:re f,.-r.:. a '-,1:: ;i 5l Jt.r--:rl tc a h-3;1 ci t: pp-:.3ir;.

The a s:l:: l. I c?::.3::-- ] :;rni _: l_,tst er. a:..!-ie,:_ c,i 5g c::_

ceii! i11cti. 1::,v duri;g i:.i:rin3. Ti:e !aj.i.a!icr b:t:,.,:el th.:

diffeient -i obs r,,:s frcn a 1o.,; oI 52 perce;li tr, e hi35 oi 69

percenL. tha f i.'e s:t:..--ies f:,,;r o:.: jcb us:'-:, . 3:,.rd C sh:,-:,jI

a lcss 1:: cu:l:1 .'it1 ;r::ii-, :i:lirg aI !.t. ps;c:..t.

Figu:e 7 r-:-'ic;,i:s ij.3t l-ja::,,- i ccr.;i.,.1.:.,., Eo ic..:- t.:c_

ti' -r -i F,.,:-.-.'.-^ ^^u.r_.'.*Ly C'_::_':i',^ s:'_. _c.:, l,:i -=a ? -!a:l.e:- i', 1,1 ' I:,.:.i. .-;.._ C_:-

tiiiCy i:c:ceascd f;-',--: l-r ::.t. :r-t ti:e ,r'',-.: ti.:: i,:_-::-:rr! !..s

piii:-.1 ;-. a i.':ci:-:i.: cf :l--.:: j c:t. at [he e:._:] ci ,,,2 ...:,.r1:s.

Thlre al.?:'is tc bt -,cry- ii::le cr:e;..3: i.:.1 cr-..::ii:l:;; c_._.-i r.J

the i; s: sev:ral- ;cail-,s oi se:vice.

'r1-^ 1 !-----,rr:i D-::.,s 5ut-::.T.il- t_=r,..1 '..-:s i;:ci:_:iei f ::: _:::::...: F,. ic.,_

€ver: the orj"girai ductj.iitlr at iccl for B:-,r.,j. r rrris s:r.re-.,:ll:i

belo:,r Eh;t of Biarrri i, Ti..e du,::i. 1i.r:]'ci i:a:i i a: il:: t:.-ir:

of pi;ci.;'13 r.:3.q a,-';-'.-,::j-r:il:i-;.' 1-?. -.\i lire €i,.d. cf '1.2 ::;;l:.ll.rs tn_i.s

d,-rciiii.il; |ipc. J..t:::-=..=- :,: ?-L c-r;ri"t: o! i. -l-:,:t. il..::: ::::s

to be verl'1ritl-e clr.:-'.E€ i:: E':re c'-iciii:t..'of t1..": a_:.-,1::ii .1.::-

ir3 ti-,: l:.,: I I ::1.,'r: -5 _:--.--j c= .

I

I
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q^

F:'.q'.'r:s ,-l ai^,,,1 10 s..:r.:r ti:: cl.:;.:.-,;,3s i.i ire ab5..rf1iE :..i 5-

cos j.il., Cu::.li-r3 :t;::ir. I a::rt ;j.rj.:: se j1,, j.ce cati:.i:.:i.c,rs. ?i.,,,1 ;f _

scitte visr:r-:i.:1- ci::--',::l_l ce::er,i: ir.:: r t;is eb,:ut .r,3.1:
-)

pois^:s. Tira a5:c1..,i: i-i"sc,;;ii:-, irc:e:sei tc C,ilf, ,ci.ses

s:i.i1' :i.r:;;cis,-:11 ci.-j-r; ,;h,: :,.::..,:'.,:E l_ife cf c,i:e :e..,c;-:.it ;o

ebJu: 1'I-r,-..- 7;rscs ;: iirt c;.-. ci 3J r-.:cr, iir:,

The a'.c:a j: al s-i'.:i= .."i::.:s:l:-,. c.. ll: I as;h.:.ii ce_.:::i

3r-i::.:1. 9 as =e-:..i...,:t ca tl.l: ::l-r :.:: i. 5 r::, -r..li::rj. ii: .,,i;_

crt:cr'a.r cf ih,: .,.-e:':i"o.r..., s::;ies -"-i::.ii3: fl:c:.. a l-o:., c !. l+ rlia,,

pcir.-s r--r c l---:h. of 5r9ir'--,,:_,i.s;s.

.t'rs:ir;it <.;r:t;',,: E:alj it ili::.-:.-::c i:t ::1:,.;:1:-L_.r v.isa^ :.i.;;v

3.., - -. _ ..- - /.: <-:L., L-I ?.\i_-;.': r-_. j:__, :i:.:.._.:-.,;:: C.ar tL._ i_,: L,j 11r;-;,.

.u!'r.! r: '-.j-.-.i-, ,-..3 i--._._'.1-,r. .,; a:s:. l:.lS ..,.::..-.:-. i.. ::: i:..

c:te;s3 of 207 pcric:nt. A.l:i:: !2. r,-:-,r-l e :! s.::r-.:c.: j.r. ti:: -..,.3_

:..3:-r:. l'.t= a'J;.:, 1:,ie -. i-:.:^s.'..,1. l- ,: i:. -.-..:s,:- :._, r:--)..._:: /.3r,-,1.,..

pc,:i.s:l:. Tni": :ri.,:,.:s t(, :1r:.:. _ l. _. :.--j.j:...! .-.:...,"..,.: i:--:._.

+- :,u'.lLr'J Slr-.'t-a,r. Ji,::--: eI? Irr.i ,.. (;.:' ::I: t_- ::.r-, .:..: .,__

''l:.:11,.:: iirls ir(i.a_:a: c.:-.-,:.g s:.-., .i:: _.'.: e s::l.a:.^r.: ii:: c_.

r.l'ieil-ia:- Eh-: sl.e:e cf Eh-: cu=...;e b.=;i^.s L: :-ial;:c:^ c,,,, a: ,1,.:,: a

na- -i ,. -i

f i.-,r-. Li -c^.c..S ihe l.:1:ri..-::::::l- :t:. t-.."._::T,. ilr: ,1 ;,i,,a.. i-:.

vjs:cs-i-l;,' ani ch:::-,;:.: i.i .:.:,t-,:r::,.;:.i::. i,.t; b.c,,,: i:.,1-,,--l; A a:.1 i,

'!'lr.:'- ^ i-.. '-:-1--tlrJ:.; -. - Li':,iJ --. .^- __- :;L-;-irl,

'lt:es ',.-i_i t:a'.:..--:-, il;i. '.,-.: :--i-_i:.: .-l ..r:.-.:t::t .-)l ,:.-_: r,:-..,:-

I
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rcnt- b-::: il.:: a:-.r'-::*i c::-:rarl: i.rr-.; a-':i-r'.:ctei irc:. th: s'r:ilca

D cc,-irse cn1;,,. 1t r..,es r':,s::,.'et i." -l,t iabc::ato:';';i-rat'in ri;l::

c€S:-S ti:e'i-c -'.rs ca::,e e:<c?.3-c cf ::;':,- cc,a: bel',e:n Lite su:fi:ce

ccu-f gi =::d tit: b:rlc'-' cDir5.f . T:'.is un;c:1, ia,l'-.,, h::l s--.'e r..--

fe:t on Ehe ciari5e in c,:;,-:is:,:rrcy cf the ac.li:eil c:i-rl:. 1 j.::

the s,:rfa rt acl:r::: iis:i.i

Pe::ei:::iir,:1, ta;is -...t':e xa.i,'-: ef sc."-rral. te;: ri':-'aL,::::s a--iJ.

t.;.. dif flie';ia r;a:',-::ir:s c;i th.2 n:edl.:, CbE€-i-vf ti.cne cf ihe a:-

tual tes;in;,!:L\ce,-iLlris in the 1ir-\ci"ai:r-v in:::ceic thal the

pciic;';t'-ir..n c i 77ci an,- 1C3 g:."ii:.'.: 1,rigi:r is 'c=l;ei tira:: t',ir,s:,

ai lcl.ier t?::ra-eiLr::s. Tiri-q is e x:leci.;ll-'.: trr-re of El..: {-t.a.:-

- , -o ^o--e:..';: il'.:iS cf i: 5"J lL,-' 3r, .?.- ,: . Li r..'S S (-!,:,_':'.,,-3 i.:r i;..--;-; ci i.a.s

tl..:; iir.: r.e:-ll-t c:,r'"' c::...;,ied tile sr,'.'f i,:e ci i:l:c c i;,hei.L c.:-

ii,a:,:: at t:1,lsar 1i,:-.,:r: tan)e-ie:u1'es, In o;li.:-: ca,3t*\. tl:.1^ rr-;dl-r

p.nEt,i'.iei the s,r::irce br-ri- o-r1,v f6-.' - r'ar.r s'':i l Cisi;,r::r. .:ii

theli nr a:pha1i ci.i'--,i: aJi:::-'ed to th: n,:cC1l . Thc hi:':r. s,.:-

f ace Lensioii of s.':::.3 of the si':;;i€o app3i.;ei to i-.'-l::'i-; i. 1y

affrct the resi, l-ts. 0:..i-3ir:1 ii;ciil-ities ei:- 77o! 1;.t-.i.';:: n?f

usabie becaus: tirc o";:iF,lnal- atp:i:1i ce:..si'rt es i-ecctv:i c:i, the

job hlC a duci:'-1j. ly of c-!-3r 150 cil . '..:hi.cl: 1:as Eie liraii of

t'-, r... l in- -..::.-i.:e. i,cci-.11:_tie: a: i[,c: r..i:.+ L:S?i f c: cc::-

?ariSa:.,. :h-::c- :':i :.1 '1. a,'!,..c {--,.r.'^:'. t';:..1: :,r c:::':iijtie,;

at lc'.;l':: Ee - -.:-.::'-:l'es c.r :---.::,e th: cl.:i.;.3s :::.1 ---.-i::s:'.:i, f i::.-*

1L j.r::i icai:s lh.: L ti:e cl:::'l;: i.-r. '"i-.rcc, si:-; ::i!.i ci:.,nge i.e )eii?-

tt':-;:,-': ci t^..: L : b-.-.::: --5 ea, '-:i: c:.. i : .:':-: ;':::.'r.i:. , :_r:'l
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lu;e viic,.,sii-l; c.i il :i - - p,:is.i; r:J:el.: i,.,iri.i-,,: 6.ir:- : r.'j.si:-

sit,", c/: i,lrr^r: :c,:-!:i ii':.:; i-'t i'.:'.:,. :'-:. ;a.: ;h'-;: -ft:-.':

o.;en tesl. T'"-r.e i'i.rccs.i-" oi il'.,: a:rfl.'ra.l. l ce.::=-r'. =:<::':::.c:-a:a

If C:: -a1 ri:. j.-.::i C-:i; :,i3:a +, lliii:-.'.: t)..C r,-a': :j rr- .- nt:a- l

wher..eas Eli: visc,--,j.i -.: eii:.: 1t i'.c',::s -i-n the thi,.. f ilir o'-,er

t.::i.: -f::.'1,:a,:- t r::: 34r890.

Cn tl-ie !,e.sis of ::lc:" iE;:-s tlre ci::,.:;:: i.: i'i.:cL:;i:it

dii'r-'i.ri3 [],: ii-i.l-,: fri:. o-,-:r, tc:t cc,r:);.:-i: rl uciv cl-r-,.::1: r. i ;'::

i... a r- r.r._1c i:..5 .-:.-i.:e lrl-._:.-r._...).

Tr;c c.[ t-],." t:;'--',r:'' j.':'s t:r-:.1 -:: tl-: -..'i;.i"-, 1 ].-.'-.:-

ti3.:i:'l-cn ..". ::.-\ f.i:r;=-: :, :ll:-':le i, i.-' s:-.. 1.',:. f i:: .: .!e jobs

o i'' 4 -^- r i 1 tn' , Sr',:rc s:.,c;::.,:-lirs ol" t:l,jile E1.--. -lt.,1.; :.,':r'e le-'a-) - ) :---'-| I.'.--i-'

5-.r,.r -:.- c -- u.:: i'. :-.i ll :ii..:1. . '..tr::i t;,.:,-,., :: t. : t.-i:.': L': i'.

trr.:f-,. ,-r -,' --u.:1 1.. ,=.- Ll _' _- -rl; i-.-, ;

I'rei., 511::f : l2 o', c-:- ili: e;li-li:r ieL:Ll.I e::l tl:,:. l.c::; r1,.. - o-l ;5-'

o:L.l: i'i3:: :.'3i.'e 1L:!-, ti.-'.: l l. -',.' 1,,-, f 'lIii:.r,1 s,::"'--.,',-ir..:. :,-:.. s .!.-.:

:-!. ^ ^- i ^r, ^U!r Li.i-\- JL :.

Jvu -,J _\L t.-_,.= '1,-.-.,i _.-.1 .,: -i:.=: :.:i.r.. c:,:-l:,. if i:cl. ,.'-l 1.,._.:

D(iL-\j (ai.Jr:.r.!!-r.:-.rg1.:a-2 tt',1-S r.ra3 ';i3.n';{::. Llie i sl.r.:.3i'u;,:.:e

takcn ci-, liljr 
-1 
o1.,. Iil= reil'-irfcci:l c:r i*i.s - r-";. '.'r-s ic::: :o
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The extraction of tiie asphalt cemenl fro,n the sainples was

a "tear,r effcrt". seve::a1 laboraEcry assisLani.c ..vorkec Logether

to recover the asphalt ceiilenL a::d prepa:e f or the tes ts. Eech

test was rnade in duplicate by different rsorkers. In every

case where the result.s varied c.ore than the pertinent specifi-

cation perirriLEed acditional samples were checked. Ductility

and penetralion tests by differ-ent operators checired very

closely when the measurerrrents r":ere high. sone difficulty ruas

experiencec r,;hen the penetrations and ductilities vrere 1oi;.

As an example, the same operator lEould have penetration results

for the saile sanple that varied as mucir as 40% r,rhea the nr-rirrbers

were loi.,r. Typical variations nnight be fron 5 to 7, The

variatioi:s in ductilities bel"o.,^; 20 crn. was a. 1so r,:ide.

There vas good 3!r€cirl3nt of resi:1ts o:r the viscosity

tests hoi.:ever it vres earLy observed tha.i Ellc test r,\,a.s ver.,*

sensitive ard reheati-ng a sample fcr a second test increased

the viscositlr.
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