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B

INTRODUCTION

This investigation was sponsored by the Arkansas Highway
Department and the Department of Transportation, Federal High-
way Administration -- Bureau of Public Roads, under the Joint
Agreement between the University of Arkansas and the Arkansas
Highway Department. The work was accomplished in the Civil
Engineering Laboratories at the University of Arkansas.

An earlier study of flexible pavements (3)l found that
some pavements cracked at an early age while other pavements
did not show the cracking even after a longer service period.
These cracks were single isolated cracks in both longitudinal
and transverse directions. The longitudinal craéks usually
occurred at about the quarter point of the width and sométimes
extended for distances of one hundred feet or more. The trans-
verse cracks extended entirely across the traffic lane and were
sometimes spaced at distances as close as 15 to 25 feet. The
results of this earlier investigation showed some correlation
between the loss of ductility of the asphalt cement and cracking.
Those pavements having asphalt cements with very low or no duc-

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

" tility in the asphalt cement did not crack. Again, some of the

newer pavements had asphalt cements with low ductility, and some

of the older pavements contained asphalt cement with some appre-

1 ; ) ;
Figure in parentheses refers to number of article in references.
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ciable ductility left. There did nct appear to be a correlation
between the penetration of the asphalt cement and cracking or be-
tween the remaining penetration and the ductility of the asphalt
cement in the pavement.

The construction records of these earlier pavements did not
reveal all of the information desirable for a complete history.
This and the small number of samples limited the reliability of
this work but the trends indicated that further investigation
might prove fruitful.

The project was approved in February, 1964, and actual re-
search work began with.the approval of the work plan on June 22,
1964. The project was planned for a dur;tion of four years but
difficulties were encountered in finding sufficient number of
paving projects during the first two years. Also the extracticn
of asphalt cement from the pavement samples was slower than anti-
cipated. The project was extended an additional year to allow
for more time in service for some of the jobs.

The work plan anticipated that the three brands of asphalt
cement produced in Arkansas would be studied but it was found
that only one paving project was using Brand C asphalt. Samples
were taken on the one job using Brand C, howevér, it is questiomn=-
able whether six samples is enough to establish any firm results.
The results are reported aiong with those from other jobs.

Early in the planning of the study of asphalt cements it was

determined that it would be desirable to include both the physical



and chemical properties in the investigation. The investigations
were divided into two projects. The field work in obtaining the
samples of asphalt concrete and extracting the asphalt cement along
with penetration, ductility and some viscosity studies would be
placed under one project. This project was to be sponsored by the
Civil Engineering Department of the University. The studies of
the chemical phases of the work were to be done by the Chemical
Engineering Department of the University. This project, Highway
Research Project 21, "Rheology of Asphalt Cements'" is directed by
Dr. J. R. Couper.

A part of each sample of asphalt cement obtained in this work
is given to Project 21 along with all of the pertinent information
on the sample. In this way a complete physical and chemical recor

is obtained for each job.



METHOD OF INVESTIGATION

SAMPLING

A work plan was devised that would obtain all possible
information about each sample. It was determined that six
separate samples should be obtained for each job. The term
job referred to in this report is the designation given to
a single construction contract by the Arkansas Highway Depart-
ment. The job number is that assigned by the Highway Depart-
ment. It was not possible in every case to obtain six samples
on each job. In some cases the job was‘of very short duration
and other work interfered with the acquisition of samples.

Figure . shows a flow diagram of the sampling operations.
This sequence was followed for each sample taken on each job.,
Complete information 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 sample was taken from the storage tank at the
hot-mix plant. The size of the sample varied from one-half to
one gallon. It was dipped from the sterage tank. These tanks
have an arrangement such that the material is constantly stirred.
A pump forces the asphalt cement out of the tank through a line
to the pugmill., When the asphalt from the tank is not flowing

into the weighing bucket at the pugmill it is returned to the



Sample A —

(taken rrom storage
tanks at plant)

MIXING

///—— Sample Divided

Sample B — (taken from truck
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(removed rrom storage (cut rrom pavement
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samples are taken)

FLOW DIAGRAM OF SAMPLING OPERATIONS

FIGURE 1



étorage)tank through a bypass line. The temperature of the
asphalt cement was obtained with a pyrometer immediately
after removing from the tank.

About 75 pounds of the hot=-mix asphalt concrete was
obtained from the truck immediately after it was dumped from
the pugmill into the truck. Samples of all of the aggregates
were also obtained at this time. The temperatures of the
aggregates and the asphalt cement along with the time of mix-
ing were obtained.

Marshall samples were molded from part of the hot sam=-
ple immediately on some of the joBs. The remainder of the
sample was placed in a 50 pound can and taken to the labor-
atory for further work. The truck from which the sample was
taken was followed from the plant to the pavement location
and the exact location on the pavement where this load of
material was placed was marked. The haul time and the temp-
eratures at the paver and after the hot-mix was spread benind
the paver were obtained. The can containing the sample was
taken to the laboratory usually within 24 hours after the sam-
plé was obtained. The sample in the can was warmed in hot
water so that it could be removed from the can and handled.
Half of the sample was then placed in plastic bags, covered
with distilled water and sezaled in one gallon syrup buckets.
These buckets were labeled '"Sample DL'" and stored in the lab-
oratory for future study. The Marshall specimens were labeled
"Sample DM' and stored under the same conditions as Sample DL.

The asphalt cement was extracted from the remaining cne-



half of the sample of hot-mix immediately after being received
in the laboratory. This asphalt cement recovered from the hot-
mix immediately after mixing is referred to as "Sample B",

"Sample C" is the asphalt cement extracted from samples of
asphalt concrete cut from the pavement three to six months after
the pavement was put into service. These samples were cut with
a core drill using an eight inch diameter cutting tool. The
samples were, in all cases, taken from the inner wheel path at
the marked locations on the jobs. Circumstances prevented the
obtaining of Sample C from some of the jobs.

"Sample E" is the asphalt cement extracted from the pave-
ment samples obtained in the same manner and location as Sample
C but at a later date. These samples vary in age from 21 to 42
months and are the final samples taken. Three to five 8-inch
cores were cut at each sample location. Cores for the entire
depth of the pavement were cut at each location. All of these
samples were cut from the inmer wheel path. The various layers
of material vere separated in the laboratory and only the suxr-
face course was used for this study. Tﬁe nixes stored iﬁ the
laboratory as Sample DL and Sample DM were removed from storage
and the asphalt cement extracted from the samples at the time
that the asphalt cement was extracted of the matching Sample E.

The asphalt cement was extracted from the pavement mix-
tures by using the hot reflux method described in ASTM D2172-63T,
Quantative Extraction of Bituminous Paving Mixtures, Method D.
Irichloroethylene was used as the solvent in this extraction.

Abson and Burton (1) and Wofferd (5) found that the use of



trichlofoethylene did not change the properties of the asphalt
cemént when used as a solvent for the extraction. The asphalt
cement was recovered from the solution by the distillation pro-
cess specified in ASTM D762-49, Hot Extraction of Asphalt Mater-
ials and Recovery of the Bitumen by the Modified Abscn Procedure.
Only minor changes were necessary in the procedure using trichlor-
oethylene. The sclution boiled at a temperature of about 190°F.
Carbon dioxide was introduced into the flask when the temperature
reached 200°F and the flow of gas was maintained as specified.
The asphalt cement recovered by this process was placed in 3~
and 6- ounce ointment boxes for tésting.

Table I lists the jobs that were sampled along with other

information about the jobs and samples.



TABLE I

LIST OF JOBS SAMPLED

Age
Job Highway Date Final No.
Number County Number Placed Sample Smpl.
Months
4473 Logan SH 22 July 64 42 5
2-509 Arkansas SH 11 Aug 64 41 4
1370 Faulkner SH 36 Aug 64 41 6
2561 Arxkansas SH 130 Scpt 64 40 4
§-5161 Conway SH 113 July 65 - s
2-528 Jefferson Us &</ Aug 65 31 6
2-534 Jefferson SH 81 Sept 65 30 6
1i-5241 Phillips US 49 Sept 65 -— 2
9-518 Boone Us 62 Oct 65 31 6
2-536 Lincoln SH 81 Oct 65 27 6
2-527 Ashley Us 82 Oct 65 31 6
9432 Washington Us 71 Auz 66 21 6
11-681 Phillips US 49 Oct 66 26 3

e . R o

Maintenance operations obliterated the surface at the
test locations on these two jobs therefore no final samples
taken.



10

- TESTING

All testing methods conformed to the American Society
for Testing and Materials and the American Associagion of
State Highway Officials Standard Methods of Tests in so far
as they applied.

Penetration tests were made at 77°F - 200 grams, 60°F -
100 grams, 60°F - 200 grams, 45°F - 100 grams, 45°F - 200
grams, 39.2°F - 100 grams and 39.2°F - 200 grams in addition
to the usual 77°F - 100 grams.

Ductility tests were made at 77°F, 6b°F, 459F and 39.2°F,
The rates of strain were 1 ecm/min for the tests at 459F and
39.2°F; The ductilities at 77°F and rate of strain of 5 cm/
min were not satisfactory because the original samples all
had ductilities of over 150 am. which is the capacity of the
machine. Ductility at 60°F and strain of 5 cm/min seems to
be the best substitute for the standard 77°F test.

Absolute viscosities were determined at 140°F by ASTM
Designation D2171-63T using the Cannon-Manning Viscometer.
The temperature was 140°F and the vacuum was 30 cm. of mexr-
cury. It was found that in a few cases it was not possible
to obtain viscosities because the asphalt cement had a vis-

cosity above the range of the largest Cannon-Manning Visco-
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meter.

All of the samples taken for this work were taken from normal
construction jobs. No changes were made in the usual Arkansas High-
way Department construction specifications and no special conditions
were imposed during the taking of any of the samples. Each sample
taken represented one truck load of material usually requiring five pug-
mill batches to 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 entire sample was discarded if any of the batches were
held in the pugmill longer than 65 seconds. Likewise, the sample was
discarded if there was any variation from routine during the process
of hauling and spreading the mixture on the road.

The Arkansas Highway Department maintained a control laboratory
at each hot-mix plant during the entire job. The laboratory inspector
makes check tests of the aggregate gradation, asphalt content, densities
and temperatures. All of this information was made available to the
investigators during the inveséigations.

The pertinent data for each job are  shown on the following pages

12 through 24.



JOB 4473

Placed -= July, 1964

Type Construction -- Surface Course on 2" - 4";
Type 2 Binder, Emulsion Tack

Thickness -- 1.,5"

Asphalt Cement Brand -= MAY

Coarse Aggregate , -- Crushed Sandstone 72%
Fine Aggregate -- Local Sand 237%

Filler -- Batesville Limestone Dust 5%
Mixing Temperature °F -- 300 - 315

Placing Temperature O -- 300 - 312

Asphalt Cement Temperature °F -- 300

Asphalt Cement Content -= 5.6

Percent.Voids, as placed -- 4,5

Percent Voids, "E" Sample -- gg. i : g:g

Apsolute Specitic Gravity Coarse Aggregate -- 2.5y

Bulk Specific Gravity Coarse Aggsregate -- 2.53

Apbsorption Coarse Aggregate 24 Hours -= U89

Speciric Gravity Mineral Filler -- 2.70



JOB 2 - 509

" Placed

Type Construction

Thickness

Asphalt Cement Brand

Coarse Aggregate

Fine Aggregate

Filler .

Mixing Temperature °F-

Placing Temperature °F

Asphalt Cement Temperature °F

Asphalt Cement Content

Percent Voids, as placed

Percent Voids, "E" Sample

Absolute Specific Gravity Coarse Agoregate
Bulk Specific Gravity, Coarse Aggregate
Absorption Coarse Aggregats 24 Hours

Specific Gravity Mineral Filler

August, 1964

Resurfacing - Emulsion Prime
1.5

ng

Crushed Syenite 85%

Local Sand 10%

Batesville Limestone Dust 5%
2909 280°; 3059; 295°,

285 - 290

300

6.0 - 5.9

3.2

3.1

2.63

2.57

0.82

2.70

13






JOB 2661

Placed

Type Construction

Thickness

Asphalt Cement Brand

Coarse Aggregate

Screenings

Fine Sand

Filler

Mixing Temperature °F

Placing Temperature °r

Asphalt Cement Temperature °F

Asphalt Cement Content

Percent Voids, as placed

Percent Voids, "E'" Sample

Absolute Specific Gravity Coarse Aggregate
Bulk Specific Gravity Coarse Aggregate
Specific GravityVSand

Specific Gravity Mineral Filler

Absorption Coarse Aggregate

15

September, 1964

Resurfacing 0ld Asphalt Pavements,
Type 2, Emulsion Tack Coat

1,54

ng

Crushed Syenite 75%
Crushed Syenite 10%
Local pit 10%

Batesville Limestone Dust 5%

295 - 300
285 - 300
290

4.7% - 5.0%
4.2

4,0 - 4,1
2.63

L2

2.62

2.70

0.90



JOB 8 - 516

Placed -- July, 1965

Type Construction -- Type 3; Surface on New Crushed
Sandstone Base

Thickness -- 1.25"

Asphalt Cement Brand -~ """

Coarse Aggregate » -- Crushed Sandstone 70%
Fine Aggregate ' -- Local Sand 25%

Filler -- Batesville Limestone Dust 5%
Mixing Temperature °F -- 300 - 310

Placing Temperature °F -- 285 - 300

Asphalt Cement Temperature °F -- 300

Asphzlt Cement Content | -- 5.3

Percent Voids, as placed -- 5.0 - 5.3

Absolute Specific Gravity Coarse Aggregate -- 2.60

Bulk Specific Gravity Coarse Aggregate -- 2.52

Absorption Coarse Aggregate -- 0.85

Specific Gravity Mineral Filler -- 2,70



' Placed

Type Construction

Thickness

Asphalt Cement Brand
Coarse Aggregate

Fine Aggregate

Fine Sand

Filler

Mixing Temperature OF
Placing Temperature Ng
Asphalt Cement Temperature °F
Asphalt Cement Content
Percent Voids, as placed

Percent Voids "E" Sample

JOB 2 - 528

Absolute Specific Gravity Coarse Aggregate

Bulk Specific Gravity Coarse Aggregate

Absorption Coarse Aggregate, 24 Hours

Specific Gravity Mineral Filler

August, 1965

17

Type 3; Resurfacing Old Asphalt

Pavement, Emulsion Tack
1.5"

npn

Crushed Syenite

Crushed Syenite

Local

Batesville Limestone Dust 5%
310 - 305

295 - 305

305

6.1

5.0

Sample 1 - 1
Sample 3 - 0.

2.63
2,57
0.82

2.70
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JOB 2 - 534
.Placed -- September, 1965
Type Construction -- Resurfacing Old Asphalt Concrete,
Emulsion Tack
Thickness -- 1,5"
Asphalt Cement Brand -- 'c"
Coarse Aggregate : -- Crushed Syenite 80%
Fine Aggregate -- Local Sand 15%
Filler -- Batesville Limestcone Dust 5%
Mixing Temperature °OF -- 310 - 300
Placing TemperatureloF -- 310 - 295
Asphalt Cement Temperature OF -- 310 - 310
Asphalt Cement Content -- 6.,0%
Percent Voids, as placed -- 5.5 - 5.3
Percent Voids, "E" Sample -- 4,9 - 5.1

Absolute Specific Gravity Coarse Aggregate -- 2.63
Bulk Specific Gravity Coarse Aggregate -= 2.57
Absorption Coarse Aggregate, 24 Hours -- 0.82

Specific Gravity Mineral Filler -- 2,70



JOB 11 - 524

Placed

Type Construction

Thickness

Asphalt Cement Brand-

Coarse Aggregate

Fine Azgregate

Fillerx

Mixing Temperature °F

Placing Temperature °F

Asphalt Cement femperature Qp
Asphalt Cement Content

Percent Voids, as placed

Absolute Specific Gravity of Aggregate
Bulk Specific Gravity of Aggregate

Absorption Coarse Aggregate, 24 Hour

19

September, 1965

Type 3; Resurfacing 0ld Asphalt
Concrete Pavement

. 1.5”

g
Crushed Limestone 77%

Local Sand - 23%

Dust From Coarse Aggregate (6.6%)
305

285 - 310

305

5.4

4.5

285

2.78

0.72%



JoB 9 - 518

Placed

Type Construction

Thickness

Asphalt Cement Brand

Coarse Aggregate

Fine Aggregate

Filler

Mixing Temperature °F

Placing Temperatura °F

Asphalt Cement Temperature °F

Asphalt Cement Content

Percent Voids, as placed
Percent.Voids, "E'" Sample

Absolute Specific Gravity Coarse Aggregate
Bulk Specific Gravity Coarse Aggregate

Absorption Coarse Aggregate 24 Hours

20

October, 1965

Type 3; Resurfacing 0Old Asphalt
Concrete Pavement

1.5"

nAN

Local Crushed Limestone 83%
Local Sand - 17%

Local Limestone Dust (6%)
295 - 300

295 - 290

300

5.70

4,1

3.9

2.73

2.52

1.20%



JOB 2 - 536

Placed

Type Construction

Thickness
Asphalt Cement Brand

Coarse Aggregate

Mixing Temperature oF

Placing Temperature °F

Asphalt Cement Temperature o

Asphalt Cement Content

Percent Voids, as placed

Percent.Voids, "E'" Sample

Absolute Specific Gravity Coarse Aggregate
Bulk Specific Gravity Coarse Aggregate
Absorption Coarse Aggregate, 24 Hours

Specific Gravity Mineral Filler

21

October, 1965

Type 3, Resurfacing Gld Asphalt
Concrete

1.25" - 1.50"

|1B|l

Crushed Syenite 85%
Local Sand 10%

Batesville Limestone Dust 5%

295 - 290

285 - 290

300

6.0

5.8

2463

2,57

0.82

2.70



Placed

Type Construction

Thickness

Asphalt Cement Brand
Coarse Aggregate

Fine Aggregate

Filler

Mixing Temperature °F
Placing Temperature °F

O

Asphalt Cement Temperature °F

Asphalt Cement Content

Percent Voids, as placed

LAR 1 1

Percent Voids, "E Sample

JOB 2 - 527

Absolute Specific Gravity Coarse Aggregate

‘Bulk Specific Gravity Coarse Appregate

Absorption Coarse Aggregate

Specific Gravity Mineral Filler

October, 1965

Type 3, Resurfacing 01d Asphalt

Concrete

1.5"

At

Crushed Syenite 65%

Local Sand 307

Batesville Limestone Dust 5%
285 - 300
275 - 290

- 305

2.63
2.57
0.82

2.70

22
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JOb 5432
Placed == August, lyoo
Type Construction -- Type 3; Surtacing on 2" Type 2
pinder Course - New Construction
Tnickness -= 1.,0"
Asphalt Cewent prand -~ tign
Coarse Aggregate -= Crusned Limestone >27
Fine Appregate » == Crushed Limestone 387
Fine Sand -- Arkansas River, Van Buren 10%
Filler ‘ | "-="Local Limestone Dust
Mixing Temperature °F -~ 305 - 320
Placing Temperature °F -- 300 - 310
Asphalt Cement Temperature °F -- 300
Asphalt.Cement Centent == 5.8 - 5.9
Percent Voids, as placed -- 4.9 - 5,0
Percent Voids, "E" Samples -- 4,9 - 5,0

Absolute Specific Gravity Coarse Aggregate =-- 2.77
Bulk Specific Gravity Coarse Aggregate -- 2.72

Absorption Coarse Aggregate 24 Hours -- 0.68



JOos 11 - 681
Placed == October, 1y66
Type Construction -- Type 3; Surtace on Type 2 Binder,
New Construction -
Tnickness =~ "1,5"
Asphalt Cement Brand == lph
Coarse Aggregate == Crushed Limestone
Fine Aggregate ' == Local Sand
Filler -- Dust rrom Coarse Aggregate 67
Mixing Temperature °F -- 300
Placing Temperature °F -=- 290
"sphalt Cemeut Temperature °F == 300
t Cement Content == 5,17
coids, as placed -= 4,5
.:rcent.VQids, "E" Sawple -- 4,2

Aosolute Specitic Gravity Coarse Aggregate =-- 2,54
Bulx Speciric Gravity Coarse Aggregate --2.7>

Aosorption Coarse Aggregate 24 Hours -- 0.7/8



MATERIALS

AGGREGATES

Six of the thirteen jobs studied used syenite, a dense
fine - grained igneous rock as the aggregate. The absolute
specific gravity of this syenite is 2.63, and the 24 - hour
absorption of water is 0.82%. All of this material is ob-
tained from a quarry near Little Rock. The fine aggregate
was syenite screenings from the same plant. Fine sand was
used to supplement these screenings. Five of the jobs used
cruthed limestone obtained locally and two of the jobs used
local crushed sandstone.

Some sand was used in all the job>s, the amount varying
from 10 percent to 25 percent. This sand was obtained from
the Arkensas River at various locations near the job sites.
The sand has a specific gravity of 2.65.

Nine of the jobs used Batesville limestone dust as min-
eral filler., This is a dust éroduced from a commercial quarry
at Batesville, Arkansas. The remaining four jobs used lime-
stone dust as the mineral filler, this dust being obtained
from the same crusher as the coarse aggregate. The Batesville
limestone dust has no plasticity.

Figure 2 is a grain size curve for the Batesville lime-

stone dust.

29
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ASPHALT CEMENTS

The asphalt cements used on these jobs were very consistent
in their properties. It was sometimes found that the asphalt
.cement for two or more Arkansas Highway Department jobs were
being supplied from the same refinery tank and that one sample
served for several jobs.

Asphalt Cement Brand "A" was used on five of the jobs and
Braud "B" was used vn seven of the jobs. BDrand "C" was used on
only one job. Six samples were taken of the-Brand "C"-job, but- - - e
it is believed that this is not sufficient to give-any meaning- - . - - _
ful results. N

Both Asphalt Cements Brand "A" and Brand "B" are refined
from the same crude oil. This crude oil is locally known as

"Smackover Select." Asphalt Cement Brand "C" is obtained from

an entirely different crude oil.
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THE EFFECT OF VARIATIONS IN MIXING TEMPERATURE

An attempt was made to study the effect of the variations
in mixing temperatures by mixing small batches in the labora-
tory. A local limestone was chosen for the aggregate with
Batesville limestone dust as the mineral filler. The asphalt
cement was Brand "B'" from the same producer as that used by
the Highway Department.

Forty-pound batches were mixed in a Heatherington and
Berner twin-shaft heated pugmill, The aggregate and asphalt
cement were heated in electric ovens to the desi-ed tempera-
ture prior to mixing. The mixing time in the pugmill was one
minute. Four mixing temperatures, 250°F, 2759 325°F, and
350°F were used.

The asphalt cement was extracted from these batches after
' the mixture had cooled. Penetration and ductility tests at
77°F, 60°F, 45°F, and 39.2°F were made on the extracted asphalt
cement from these mixtures. Table II shows the results of
these tests. These results do not indicate any effect due to
the changing of the mixing temperature. At 77°F the loss in
penetration varied from 21 percent to 23 percent. Three of
the four batches showing a loss of 23 percent with both the

o

’ ot = o .
batches mixed at 250°F and 350 F showing a 23 percent loss.

The same effects are apparent for the other test temperatures.
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fhe change in ductility showed the same lack of varia-
tion. For instance, the original ductility at 60°F was 48 cm.
and the ductility after mixing varied from 10 em. at 250°F to
9 em. at 350°F.

Table III shows the relationship of the mixing tempera-
ture to change in ductility and penetration of all of the
samples taken in the field. Penetrations and ductilities
shown are those of the asphalt cement extracted from the
"B" Samples taken immediately after mixing. There scems to
bé no relationship between penetration and ductility and the

various mixing temperatures.



Test
Temp
OF

7
60
45
39%2

Test
Temp

77
60
45
39.2

TABLE II
EFFECT OF

VARIATION IN MIXING TEMPERATURES

Duct

76
10
5
5

PENETRATION

Mixing Temperature °F

30

250 275 325 350
Pen 7 Loss Pen % Loss Pen % Loss Pen 7 Loss
43 23 43 23 44 21 43 . 23
21 22 21 22 22 19 22 19
9 25 10 17 9 25 9 - 25
7 22 7 22 7 22 7 22
DUCTILITY
Mixing Temperature °F
250 275 325 350 Speed
% Loss Duct % Loss Duct % Loss Duct % Loss em/min
90 116 106 5
79 10 79 10 79 9 81 5
19 5 19 5 19 4 .43 5
19 5 19 5. 19 5 19 1



Job 4473

Sample

Sample

TABLE III

NSHIP OF MIXING TEMPERA

i e ok

CHANGE IN DUCTILITY AND PENETRATION DURING MIXING

Penetration
77°F

33.0
30.8
32.2
32.6
34.7
31.8

45.0
47.3
42.5
44,6
45.0
47.5

BRAND A

Ductility
60°F

32.7
20.6
21.4
11.7
11..7
12.9

12.5
11.0
11.1
15.4
13.6
13.2

1649
18.6
13.6
12.1
14.0
17.1

Mixing

315
310
300
295
295

310
305
305
305
300
300

300
290
290

285
300

Températures
Asphalt
Cement

296
280
285
310

300.
308
300
305
305
300

300
305

300

285
300

Op

31

At Paver

305
312
290
285

295
305
295
295
300
295

285
295
290

295

275
265
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TABLE III - continued

BRAND A CONTINUED -

Temperatures Og

Penetration Ductility Mixing Asphalt At Paver
77°F 60°F Cement
Job 9432
Sample 1 44,6 250 320 285 320
2 44,2 21.6 315 300 315
3 38.6 13.5 - 285 285
4 35.8 5.0 310 285 310
5 38.3 13.5 305 290 305
6 31.5 5.8 260 275 255
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TABLE III - continued

BRAND B

0.
Temperatures F

Penetration Ductility Mixing Asphalt At Paver
77% 60°F Cement

Job 2509

Sample 1 4952 8.50 290 290 270
2 50.4 7.62 280 280
3 49 .4 10.12 305 290 290
4 54.6 9.75 295 : 280

Job 1370

Sample 1 41,5 12,37 300 - 285
2 44,2 24,87 310 - 300
3 43.2 12.3 300 - -
4 597 1152 - - 295
5 53.8 14.8 - - -

Job 2661

Sample 1 43,6 14,2 295 275 300
2 50.1 14,4 280 285 -
3 44,1 8.5 300 285 285
4 44,6 8.9 290 290 275

Job 8516

Sample 1 50.5 122 300 - 285
2 51.1 11.8 - - 300
3 50.4 12.8 305 - 295
4 49 .8 10.8 310 285 305
5 53,3 12.2 285 - 285

Job 11-524

Sample 1 41 .4 _ 1X.9
2 50.1 12.4

Job 2536

Sample 1 48.2 16.5 285 275 285
2 45.5 10.5 295 275 275
3 45.0 11.5 290 285 290
4 49.1 13.5
5 49 .4 12.5
6 53.2 12.5
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TABLE IITI - continued

BRAID B CONTINUED

Temperatures °p

Penetration Ductility Mixing Asphalt = At Paver
7758 60°F _ Cement
Job 11-681
Sample 1 - -
2 vl 68T 13.2
3 45,8 12.0
BRAND C
Temperatures °F
Penetration Ductility Mixing Asphalz At Paver
77°F . 60°F Cement
Job 2534
Sample 1 54.2 17 .4 310 - 310
2 47 .5 27 .5 300 305 295
3 43.9 13.9 290 - 285
4 48.6 17.6 305 - 300
5 50.6 17.9 305 320 300
6 53.3 15.0 280 320 275



THIN FILM OVEN STUDIES

The investigation reported in this chapter was not
planned as a part of the original investigation into the
physical changes of asphalt, however, some of the results
presented here may prove of value in examining the results
of the whole investigation,

This work was accomplished by Mr. Jerry Baber, Gra-
duate Research Assistant, for the purpose of his Master's
Thesis. The purpose of the investigation was to study
and compare the physical changes in two Arkansas asphalts
when subjected to exposure for varying lengths of time in
the oven under the standard conditions of the Thin Film
Oven Test, ASTM D 1754 - 60T.

Many attempts have been made to predict the aging
characteristics of asphalts under service conditions. Lewis
gnd Halstead (4 ) found that five hours in the thin film oven
test approximated the changes that take place in an asphait
" during mixing in a hot-mix piant. The time in the oven on
this investigation was extended to 24 hours to provide data
for comparison with the results of the primary investigation.

The asphalt cements used in this investigation are the
same Brands "A" and "B" as those used in the primary inves-

tigation of the physiéal properties of asphalt. Samples of
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each Brand "A" and Brand "B" were obtained in the 60 - 70 pene-
tration grade and the 85 - 100 penetration grade. The samples
were taken 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 top cans. The pint
containers were heated to 2759F in an electric oven during pre-
parations for each individual test. The material in the pint cans
were not heated a second time.' Any material remaining from the

originalisample preparation-was discarded. —- -

The only variation from the Standard Thin--Film Oven-Test — -- . — -

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

different samples were 2, 5, 12, 18, and 24 hours. Thrge tests

of each asphalt cement were made at each time in thé 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 were: Penetration

ASTM D5-61, Ductility ASTM D113-44, and Absolute Visposity ASTM

D2171-63T using the Cannon Manning Vacuum Viscometer at 140°F.
Tables IV through VIII show the results of these tests.
Figures 3 and 4 show the increase in Absolute Viscosity with

time in the oven.
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The extraction of the asphal
a '"team effort". Several laborator
to recover the asphalt cement and prepare for the tests. Fach
test was made in duplicate by different workers. In every
case where the results varied more than the pertinent specifi-
cation permitted additional samples were checked. Ductility
and penetration tests by different operators checked very
closely when the measurements were high. Some difficulty was
experienced when the penetrations and ductilities were low.
As an example, the same operatdor would have penetration results

1

for the sam=z sample that varied as much as 40% when the numbers

were low. Typical variations might be from 5 to 7. The

variations in ductilities below 20 cm. was also wide.
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sensitive

the viscosity.
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BRAND D
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5075 275°F 325°¢
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