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Introduction

Stopping and turning maneuvers on high traffic volume
asphalt cement concrete sukfaced roads and streets often
cause distortion of the pavement. Distortion may show up
as excessive rutting in the wheel path, shoving of the pavement
and/or rippling of the surface. Often times repeated
corrective work such as cold milling or heater planing is
required in these areas to maintain the pavement surface 1in
a reasonable condition.

In recent years polymer additives have been developed
for asphalt cement concrete paving mixes that show promise
in improving the inplace stability of the pavements. AC-13
{Styrelf 13} available from Bitucote Products Company,
St. Louis, Missouri is an asphalt cement fhat has been
modified by an additive to exhibit characteristics of very
high stability in asphalt mixes.
Research Objective

Research project HR-522 was developed to evaluate

AC-13 (Styrelf 13) in regard te the following characteristics:

1. Stability in the asphalt cement concrete mix.

2. Asphalt cement and asphalt cement concrete mix character-
istics.

3. Pavement surface distortion caused from stopping and

turning movements when AC-13 is used in mixes.
4, Yisual observation of cracking or raveling that might
occur when AC-13 1is used in an asphalt cement concrete

pavement mixture.



Project Location

The urban project selected for the research was located
on lowa Primary Road 12 (Gordon Drive) in Sjoux City. The
project begins near the east City Limits of Sioux City and
continues west 2.6 miles to near US 75. Traffic volumes
range from 6,000 A.D.T. with 10% trucks near the east City
Limits to 16,700 A.D.T. with 5% trucks near US 75. The route
is a limited access four Tane facility with turning lanes at

service roads and intersections.
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Fvaluation Sections

Evaluation sections for AC-13 asphalt cement paving

were constructed at four signalized intersections with a

fifth section constructed on a four degree circular curve

that was not super elevated. The curve is located at a 45

M.P.H.

speed zone where traffic speeds approach 50 M.P.H.

Section 1

A.
B.

South Fairmont Street Intersection

Posted speed Timit 35 M.P.H.

Traffic volume 16,700 A.D.T.

AC-13 evaluation areas (Figure 2)

1. FEastbound Traffic Lanes

@.

b.

d.

Left turn lane Station 176+62 - Station 178+90
Inside through lane Station 176+22 - Station
178+80

Outside through Tane Station 176+22 - Station
178+62

Right turn lane Station 176+62 - Station 178+25+%

2. Westbound Traffic Lanes

a.

b.

Left turn lane Station 178+90 - Station 180+42
Inside through iane Station 178+00 - Station
180+42

Outside through lane Station 177+40 - Station
180+42

Right turn lane Station 178+00+ - Station
180+42
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Section 2 South Martha Street Intersection
A. Posted speed limit 35 M.P.H.
B. Traffic volume 15,400 A.D.T.
€. AC-13 evaluation areas (Figure 3)
1. Eastbound Traffic Lanes
a. Left turn lane Station 214+73 - Station 217+35
b. Inside through Tane Station 214+73 - Station
217+00
c. Outside through Tane Station 214+73 - Station
216+73
d. Right turn lane Station 214+73 - Station 216473
2. Westbound traffic Lanes
a. Left turn Tane Station 217+35 - Station 218+87
b. Inside through Tane Station 216+87 - Station
218+87
¢. Outside through lane Station 216+87 - Station
218+87
d. Right turn lane Station 216+87 - Station 218+87
Section 3 Stone Avenue Intersection
A. Posted speed Timit 45 M.P.H.
B. Traffic volume 12,600 A.D.T.
€. AC-13 evaluation areas (Figure 4)
1. Eastbound Traffic Lanes
a. bLeft turn lTane Station 254+44 - Station 257+00
b. Inside through lane Station 254+44 - Station

257+00
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¢. OQutside through lane Station 254+44 - Station
257+00
d. Right turn lane Station 254+44 - Station 255+44
2. MWestbound Traffic Lanes
a. Inside through lane Station 254+75 - Station
257+03
b. OQutside through lane Station 255+00 - Station
257+03
Section 4 Palmetto Street Intersection
A. Posted speed 1imit 45 M.P.H.
B. Traffic volume 9,420 A.D.T.
C. AC-13 evaluation areas (Figure 5)
1. Eastbound
a. Inside through lane Station 276+25 - Station
278+25
b. Outside through lane Station 276+25 - Station
278+50
Section 5 .. _Four.Degree Circular Curve With no Super
Flevation Station 232+45 - Station 241460
A. Posted speed limit 45 M.P.H.
B. Traffic volume 12,600 A.D.T.
C. AC-13 evaluation areas (Figure 6}
1. Westbound Oniy
a. Inside through lane Station 232+25 - Station

242+00
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Westbound Lanes - 4° Circular Curve

b
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b. Qutside through Tane Station 232+75 - Station
241+60

¢c. Right turn lane Station 237+00 - Station
239+00

Project Concept

The first step of the rehabilitation project involved
removing the old asphalt cement concrete from the old PC
concrete base. This was followed by base repair work. The
longitudinal joints were covered with an engineering fabric
prior to overlaying the base. The resurfacing of the old PC
concrete base was then completed using two (1 1/2" thick)
‘1jfts of recycled asphalt cement concrete for all of the
proiect except the special AC-13 research areas.

Virgin aggregate asphalt cement concrete containing AC-13
was placed in both the 1 1/2" thick binder and 1 1/2" thick
surface l1ifts at five locations previously described in this
report.

Construction With AC-13

The AC-13 asphalt cement was handled and stored in a
conventional manner in a separate storage tank at the asphalt
plant. The temperature was maintained at a range of 290°F
to 305°F.

A Barber Greene Batch plant was utiiized for proportion-
ing and mixing asphaltic concrete materials for'the project.
When the AC-13 mix was needed for the special areas the

normal AC flow was cut off and the AC-13 was allowed to flow
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to the batching equipment. The virgin aggregates were than
batched along with the AC-13 to provide the special mix.
This system worked well with minimum inconvenience to the
contractor.

The temperature of the AC~13 mix was maintained near
300°F. Normally this would be in the range that conventional
asphalt cement concrefte mixes are produced. This character-
istic of the AC-13 makes it convenient and practical to use
in selected areas of a project.

The AC-13 mix was placed and rolled using conventional
paving and rolling equipment. No paving gaps were needed
for the switch from recycled mix to the AC-13 mix on the
project. The average mat temperature at the time of place-
ment was 284°F.

Materials

The material that is being evaluated on this project
is the virgin asphalt cement concrete paving mix containing
AC-13 asphalt cement. (Styrelf 13 produced and marketed by
Bitucote Products Company of Des Moines, Iowa and St. louis,
Missouri.)

AC-13 has the unigque characteristics of higher than
normal penetration (77°F, 100 gm 5 sec; 60-90 range) with
nigh absolute viscosity (140°F; 2500 poise minimum). A copy
of the AC-13 specification is found in Appendix A-2.

The virgin aggregate AC-13 mix used in the special

evaluation areas was composed of the following materials:
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Job Mix Aggregate

30% passing 5/8" sieve retained on #4 sieve, crushed _
gquartzite - L.G. Everist, Dell Rapids, South Dakota

10% passing 3/8" sieve retained on #8 sieve, crushed

quartzite - L.G. Everist, Dell Rapids, South Dakota

15% passing 3/16" sieve, crushed quartzite -~ L.G. Everist,

Dell Rapids, South Dakota

15% fine Timestone - Midwest Limestone, Gilmore City, Iowa

30% concrete sand - L.G. Everist, Hawarden, lowa
5.15% AC-13 (Styrelf) - Bitucote Products Company
The job mix formula is found in Appendix A-4.

Evaluation of Asphalt Cement and Asphalt Mix

The project control tests were very consjstant for asphalt

cement containing the AC-13. The average penetration, 77°F,

100 gm, 5 sec of the asphalt cement was 81. The average absolute

viscosity 140°F, 300 mmHg was 3912 poise (see Appendix B-2)}.

Tests were run on the AC-13 artifically aged by the thin
film oven test method. The penetration 77°F, 100 gm, 5 sec
was 48 while the absolute viscosity was 14,990 poise (see
Appendix B-2).

Test results from the recovered asphalt AC-13 obtained
from the plant mixed asphalt cement concrete samples showed
good correlation to those test values obtained from the
laboratory aged AC-13. The average penetration of the
recovered asphalt cement was 48 and the average absolute

viscosity was 13,000 poise (see Appendix B-1).
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Pavement Core Evaluation

PDajly project cgntro1 cores taken from the roadway were
tested for density and percent air voids. The average field
density of all binder and surface cores containing the AC-13
mix was 2.284 (97.8% of 75 blow Marshall density).

The average field voids for all pavement cores containing
AC-13 was 6.9% with a range from 5.6% to 7.9%. Daijly project
control core test results are shown in Appendix B-3.

A set of five cores was cut each year for three years in
three sections of the roadway containing AC-13. The pavement
cores were tested to determine the change in the absolute
viscosity, penetration, and the ductility of the AC-13
recovered from the mix. The cores were separated into binder
and surface J1ifts for testing purposes.

The test results from the surface 1ift cores show that
after one year the average absolute viscosity 1406°F, 300 mmHg
was 19,557 poise. At the end of the second year the average
had increased a nominal amount to 19,735 poise. After three
years the average absolute viscosity was 34,994 poise. (Figure 7)

The average penetration 77°F, 100 gm 5 sec of the
recovered AC-13 in the one year oid surface was 39. The
average penetration was 38 after two years of service. At the
end of the three years the average penetration had dropped to
33. (Figure 8)

The average ductility 77°F, 5cm/min cm of the recovered

AC-13 in the surface cores showed a hardening trend similar to
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The average ductility after one year was 29, after two

and at the end of three years

Paretretion,77F 100gm S sec

tion.
it was 28,
SURFACE MIX
sa Hocurrnd AC—13 Absotute Vistouily
50
34994
A
0 2
>
20 19552 19.735
14,
10
©
0 s 2 3

Yedry in Service

Figure 7

40

SURFACE MI

&0

it was 23.

{(Figure 9)

SURFACE MIX

Recovered AC~13 Ponetrotion

I

30

20

X

Recoverad AC- E35,0uctility

35

——

Guetiity, O
1
<

2

Yagre in Service

Figure 9

2 3

Yeors in Service

Figure 8




~14-

The binder 1ift cores for all three years were also tested
for changes in the AC-13 characteristics. The binder Tift test
data appears to be suspect for two of the three core 1oc%tions.
where cores were taken. The easthound South Martha Street and
eastbound Stone Avenue core test results from the binder 1ift
do not fit well with the trend of the other test results for
the binder and surface. All test data is shown in Appendixes
C-1 and C-2.

Rutting and Distortion

Rut depth measurements were taken at the end of the first,
second, and third year in the locations where the mix contain-
ing the AC-13 was placed. The rut depths were measured using
a standard four foot rut gage. The measurements were made at
25 foot intervals in each wheel path of the four intersections
and at 50 foot intervals on the 4° circular curve containing
the AC-13.

There was evidence of some rutting in the pavement the
first year after placement, with an average rut depth of 0.08
inches and a maximum rut depth of 0.20 inches. The second
year average increased to 0.12 inches and the third year average
was 0.14 inch with a maximum reading of 0.38 inch. (Figure 10)
A detailed tabulation of the rut depth measurements can be

found in Appendixes D-1 through D-3.
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After three years of service there are no visable signs
of lateral displacement or rippling of the pavement in advance
of the stop lights at the four intersections where maximum
stress is developed by stopping traffic. The pavement in the
4° circular curve area is performing well with no evidence of
lateral disp]aéement.

Refiection Cracks

The existing four lane portiand cement concrete base was
modified several years ago to provide raised medians with left
turn storage lanes. The construction procedure resulted in
longitudinal joints in the concrete base that were not
coincident with the normal lane line locations.

As part of the construction on this project, the
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longitudinal joints in the portland cement concrete base
that did not coincide with lane 1ines were covered with four
foot wide engineering fabric strips. The intent of the plan
was to retard the refiective cracking at these Tongitudinal
joints. No inventory of the cracks covered with fabric was
made prior to placing the overlay.

The pavement surface containing AC«13 mix was surveyed
each year after construction, for three years to determine the
rate of crack reflection through the asphalt overlay. The
cracks were divided into two types. The first type was
transverse joints that reflected from the portland cement
concrete base. The second type of crack was the fabric
treated longitudinal crack that did not match the existing
surface lane line locations.

A crack that was evident across the full traffic lane
was counted as one transverse joint crack. A crack that
extended part way across the traffic lane was counted as 0.5
of a transverse joint crack. A summation of the full and 0.5
transverse crack count was made for each year of the survey.
At the end of the first year there were 164.5 transverse joint
cracks counted. After two years there were 216 transverse
cracks recorded. The third year the count showed 236.5
transverse joint cracks. Nearly ail of the normal transverse
joints had reflected through the pavement in three years.

The length of longitudinal cracks that occurred in the
pavement surface was estimated by the survey team from visual

observation at the time of the survey. The first year results
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show 1060 Tineal feet of longitudinal crack in the pavement
surface. The cracking increased to 1610 lineal feet the

second year and was estimated at 1960 lineal feet after three

years of service. (Figures 11 and 12)
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Surface Raveling

Fach year the surface containing AC-13 was checked for
surface raveling. No evidence of raveling has been found to
date. The surface appearence is very good after three years

of service.
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Conclusion

The conclusions that have been reached from this study of
AC-13 performance on this project may not necessarily apply to.
all types of construction where AC-13 might be used. They are
listed as follows:

1. Penetration and absolute viscosity test resuits
obtained for the polymerized AC-13 asphalt cement conformed
well with the project specification limits.

2. AC recovered the daily plant mixed project control
sample test results show aging characteristics consistant with
test results obtained from artificially aged AC-13 using the
thin film oven test method.

3. Test results from surface 1ift cores taken from the
roadway surface show a hardening or aging of the recovered
AC-13 each year of the study. The hardening appears to have
accelerated during the third year of the study in this project.
The measured properties of the recovered AC-13 were penetration,
absolute viscosity, and ductility.

The higher absolute viscosity (34,994 poise) in the
recovered AC-13 after three years of service does not appear
to be detrimental in the pavement performance. The test data
from the binder 1ift cores is included in Appendixes C-1 and
C-2 of this report, however a portion of the test results
appear to be suspect. It appears that the location of the
mix containing the AC-13 may have been improperly located on
the binder Tift.

4. AC-13 did not stop all rutting from occurring. Rutting
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has increased each year for three years, however the amount of
rutting appears to be stabilizing at an average depth of Tess
than 1/4 inch. The first year of the study the average rut
depth of 0.908 inch was likely due in part to consolidation of
the pavement under traffic.

5. The paving mix using AC-13 appears to be effective in
controlling shoving and Tateral movement of the pavement sur-
face on this project.

6. The polymer modified asphalt cement was not effective
in controlling transverse joint reflection cracks from
occurring on this project. Approximately 70% reflected through
the first year. This estimate was based on joint spacing 1in
the portiand cement concrete base as no pre-construction joint
survey was made.

7. Based on results of this project study there is 1ittle
evidence to support that AC-13 is effective in reducing the
rate of Tongitudinal joint crack reflection in the pavement.
Longitudinal joints in the portland cement concrete base that
were not coincidental with the traffic lane lines on the
pavement surface were covered with engineering fabric prior to
resurfacing.

During the first year after resurfacing cracking occurred
over approximately 40% of the total length of the longitudinal
joints. This increased to approximately 70% by the end of
three years. There were few random cracks in the pavement areas
containing AC-13 asphalt cement. No attempt was made to

evaluate AC-13 effectiveness in controlling random cracking.
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8. Mix containing AC-13 shows no signs of raveling after
three years. The pavement appears to be performing well.

Recommendation

The Iowa Department of Transportation aggregate gradation
specification and crushed aggregate particle requiremént have
been modified for heavy service pavements since this study
was developed.

The use of the recently developed polymerized asphalt
cement specifications (P.A.C. series) should be evaluated
using the new mix standards to see if polymerized asphalt
cement provide increased resistance to rutting when compared
to the standard heavy service mix design currentiy being

specified.
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Appendix A-2 .

-22- Specification 942

: é.%, lowa Department of Transportation

SUPPLEMENTAL SPECIFICATION
for
ASPHALY CEMENT AC-13

December 20, 1983

942,01 DESRIFTION., This material is 2 polymerized asphalt cement intended to be used in aspha]t cement
concrete mixtures where high stability requirements are necessary,

The ggntrad‘lnd autherity believes this to be a proprietary product. It 15 available as St_yre]f 13 from
Biticote Products Company, St. Louls, Missourl, and Des Moines, lowa. Bidders should contact this suppiier for
information convowing this material.

Other squrces of a similar material may also be approved. Specific approval will be required. Approval will be
based on the mamfacturer’s proposed method of polymerization, as well as compliance with .the test requirements
" specified,

942,02 MATERIAL. Asphalt cement AC-13 shall meet requirenents of AASHTD M 226, Table 1, for grade AC-40,
except as follows:
Penetration, 25°C {779F), 100 g, 5 sec; 60-90.
Viscosity, 8¢ (140%F), poises; 2,500 min,
Tensile Stress, ASTH D 412, @ 800%
elongation of the samp]e, 20°C (68°F),
- 500 mufming, kg/om; 0.50 min. .
The contractsr shall furnish certified test resuits for each Toad of this material furnished to the project.

942.03  COSIUCTION.  Asphalt Cement AC-13 shall be incorporated in the ALC mixture to be placed in the
Jocations designated on the plans, in 1ieu of the asphalt cement specified for other mixtures specified for the
project. The mixtwe shall be prepared and placed according to reguirements of the Standard Specifications.

The contractse shall furnish facilities and use a procedure that keeps this material separate from other
asphalt cement used on .the project during storage and incorporation into the mixture.

942,084 MEASIREMENT AND PATMENT. Asphalt cement ACL-13 will be separately measvred and paid for in accord with
2303.198 and 230.20B. The quantity shall be for mixture in the 2reas designated on the plans and such additional
mixture as was nexessary to cover the designated areas vsing full truck leads of mixtwre. This payment shall be full
compensation for fienishing and incorporating this material into the mixture and for the special facilities and
procedures necessxy to accompliish this,

The quantity of ACC mixture with asphait cement AC-13, fuornished and placed as designated will be included with
the other guantities of ACC mixture and will be paid for according]y.

[S
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7 %!owa Department of Transportation
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e T SPECIAL PROVISIOK -
for -
ASPHALT CCKENT CONCRETE

*

FR-75-1{39)--21-97, Woodbury County
FR-12-1(8)}--26-97, Woodbury County

Hay 9, 1984

This work shall consist of removal by scarification and salvage of the asphaltic pavement surface.
Incorporation of the salvaged material inlo & recycled asphalt cement concrete for the projects 3s 2 bidding
alternate. Only one group of alternales for each project is to be bid, and the contracts will be 2warded on the
basis of,the alternates bid. ‘

Scarification

Scarification shall be in accord with the plans and Supplemental Specification 940. .
Asphalt Cement Concrete, Type A.

When Type A asphalt cement concrete is furnished with virgin zggregates, the mixture shall meet requirements of
the Standard Specifications, with the following modifications.

1. The asphalt cement shall meetl reguirements of Section 4137, grade AC-20. .

2. Coarse aggregates for surface course mixtures shall be Type 3 skid-resistant aggregate, as classified in

Materials I.H. 7-203, dated 1983,

AC-13 Polymer Bodified Asphalt Cement Concrete.

This. mixture shal) be furnished and placed in accord with Supplemental 3pecification 942. A virgin sggregate
mixture is reguired for all courses, vsing the aggregate mixture designated herein fur the surface course. For lower
Yifts, the contractor may substitvte a virgin aggregezle mixture designated for the binder course,

The quantity of this mixture reguired will be separately identified as an item on the proposal.

Asphalt Cement Concrete, Type A, Recycled.

When lhe recycled mixture is to be furnished, the following provisions shall apply.

These mixtures shall be furnished, mized, and placed in accord with Suppiemental) Specification 939,

Asphalt cement for the vecycled mixture shall meet requirements of Section 4137, grade AC-2.5, AC-5 or AC-10.
The exact grade will be determined at the time of jJob-mix approval.

The salvaged material to be used for both projects shall be that which is removed by scarification from the
roadway of project FR-12-1{8}--2G-97. The existing svrface is a 3/8-inch Type A surface mixture on a 3/4-inch Type A
binder course mixture. For the purpose of computing crushed particles, it can be assumed that the material salvaged
contains 70 percentl crushed particles, and the remainder is natural sand.

The aggregate to be used shall be a mixture of 40 or more percent salvaged asphsitic material, combined with new
aggregate. It iz expected that the materizl removed from the designated project will be sufficient to provide at
Jzast enough salvaged material for the quantity of mixture shown on the plans for both projects. The amount of
salviged asphaltic material ir one of the recycled mixtures may be less than the percentage specified, if the
percentage in the other mixtures is increased sufficiently to provide for a minimum total usage of salvaged material
equivalent to that specified.

New coarse aggregate furnished for recycled surface course mixture shall be Type 3 skid-resistant aggregate, as
classified in materials I.M. T-203, dated 1983.

For the 1/2-iech mixture, the reguired percent passing the 1/2-inch sieve will be modified to 95-100 percent.

For the costractor's information, the average Job-mix gradations for the existing surface on the
FR-32-1{B}~~26-97 project are as follows: ’

3/4-inch 3/8-inch

Sieve Sire Binder Course Surface Course

374 inch 160

1/2 inch 95

3/8 inch 75 100 .
Ho. 4 S7 a5

No. B 51 . 62

Ho. 30 26 13

Ho. 200 [ 3

There is a significant difference between the binder and sur{ace courses., Separate stockpiles will not be
required. However, the method o removal, processing, and handling of the salvaged material shall resull in 2
uniform blending of salvaged material. The method shall be subject to approval of the engineer.

This material shall not be iptermingled with material salvaged from the FR-75-1{39)--21-97 project.

The recycling work will be paid for according to Supplemental Specification 939,

Remaining Salvaged Malcrial,

Any salvaged material taken {rom the rosdway of either project and remaining at the completion of the work shall
be the property of the contractor, regardless of the altlernate basis on which these contracts are awarded.



I0WA DEFARTMENT OF TRANSEORTATION .
OFFICE OF MATERIALS Fpendix A-4
ASPHALT. CONCRETE MIX DESIGN
LAE LOCATION AMES
| -24-
MIX. TYPE AND CLASS: TYPE A SURFACE - BINDER LAR NO. ARDA~4i3

INTENDED USE:

SIZE /2" SFEC. NO. 2?41, 951 DATE REFORTED Z/3/84
P42
COUNTY WOODBURY FROJECT FR-12-1(8)--2637

CONTRACTOR RROWER

PROJ. LOCATION FROM SOUTH LINN STREET 7O E.C.L. IN SIOQUX CITX
- AGGL. LIME ~ HALLETT. GILMORE CITY - FOCAHONTAS @B.: 3/46".
AGG . SBURCES 5/8"X4, 3/8"X8 Q@TZ. - L. G. EVERIST. MINNEHAHA .. §S. DAK.:
SAND - L. G. EVERIST. 15-925-48 - SIOUX CO.
JOB MIX FORMULA AGGREGATE FROFPORTIONS: 15X AAT4-408,; 15Z AAT4352: 30X AAT4-351:
. . ‘ 10X AATA-372; 30X AATA-353
JOB MIX FORMULA - COMBINED GRADATION '
=2 4 374 1/2% 0 3787 ND.4 NOLSB NO.16 NO.30 NO.SB NO.100 ND.Z0OO
' 100 2 20 48 37 44 32 17 2.0 5.4

TOLERANCE: ?8/100 7 ki 5 4 2%

Lo

ASFHALT SOURCE AND AFFROXIMATE VISCOSITY BITUCOTE-3240 FOISEY (STYRELF 13D
PLASTICITY INDEX

Z ASFH. IN MIX 4.50 5.50 5.50
NUMBER OF MARSHALL EBLOWS Fgss 5 T3
MARSHALL STARILITY - LBES. 3443 3227 3130
FLOW - 0.01 IN. , 7 8 12
SP.GR. BY DISFLACEMENT(LAR DENS.) 2.32 2.34 2.3%8
RULK SP. GR. COME. DRY AGG. 2.4514 2,651 2,654
SF. GR. ASFH. @€ 77 F. 1.029 1.028 1.028
CALC. SOLIED SP.GR. ‘ ' 2.4864 2.449 2.4494
" WDIDS -~ CALC. 5.467 4.44 2.24
LCE §SF. GR. . 2.476 2.441 2.398
Z VOIDS -~ RICE 6.30 4.14 1.58
7Z WATER ABSORFTION -~ AGGREGATE 0.37 0.37 9.37
A VOIDS IN THE HMINERAL AGGREGATE 16.42 16.59 16,67
L oW.M.aLs FILLED WITH ASPHALT 27,44 73.08 86.65
CALCULATED ASFH.FILM THICKNESS(MICRONS) 6.68 8.32 ?.7Y
FILLER/RITUMEN RATIO .05

A CONTENT OF 5.154 ASFHALT IS RECOMMEMDED TO STARYT THE JOR.
¥ ALSO CONTROLLED RY FILLER/RITUMEN RATIO.
COFIES:
' ASFH. MIX DESIGH
FR-{2-1(8)--2G-97., WOODBURY
J. BUMF '
R. BOLTONM
R. SHELBUIST
D. JORDISON

D. HEINS
DROWER
W. OFFEDAL

FLGHED: RERHARD C. DROWNM
CTESTING B8 THEER



1. Sieve Size

[{. Extracted AC %
111. Marshall Stability

1V. Absolute Viscosity
Extracted AC (140°F
300 MMHG Poises)

V. Penn Extracted AC
(77°F, 100 gm 5 sec)

VI. % AC Batch WE.
yii, Filler/Bit

* Dist 3 Xﬁmm Lab Extraction 3.8

L4

AC-13

Cesign
% Passing

O
oo
|
oy
<
<

wm
N
]
(=]
[N

46

W~
G2

3345
(interpolated)

5.15%

#200

A.C.C.

156
Binder

100
92

5.77
3737
13,750

45

5.15
*1.38

Mix Test Results

Lab No. ABC4-

178
Binder
&
Surface
99
89
66
54
43
31
17
.5
6.5
5.38

4541

5.15
1.26

181
Surface

50

5.15
1.16

could not extract the AC-13.

203
Surface

100
88

3958
14,100
49

5.15
1.22

221

4307

5.15
1.26

AVE

...92...

1-¢ xtpuaddy
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-

27
ITI. Field Test Results for Construction Testing

A. Field Core Test Results

Lift Date 75 Blow % Lab % Voids Day's Ave Day's Ave
Placed Placed Marshall Density in Field Core % Density % Air Voids
"~ Density Field Core Field Cores Field Cores

~Binder 7-5-84 * 2.28 96.
" " 100.

1] i 100.

W n 100 .

" 100.
Binder 7-6-84 2.35 97.
" 97.

1 H 98 .

. v

99.4 7.9

.

+*

[ N S N e " A B N e
*

. *

97.1 7.2

+ *

97.2 5.6

+

L] ’ * - L . . Ll *

96.7 7.0

. 97.8 7.3
Surface 7-13-84 2.35 97.
11 1n

" " 98.
Surface 7-16-84 2.33 97.

2]

97.0 6.9

11} 1] 98 .
Surface 7-17-84 2.34 98.

98.7 6.5

WO
o
N e D P PPN A O DN O P AC WO O T OO BNWRWRWRTOOORDN

OO~~~ 0700~

" - " 98. 98.4 6.8

* Lab Density run at 50 blow, traffic volume requires 75 blow.



Appendix C-1

-728-

&1 ae

9¢ €€

WiANAY ove‘8e

P1°6 AAR"]

3oe4dng JAapulg

AUBS JO JA £ 38409
861

£g L3

v 62

09G6°61 096°9

£€9°§ 1L°G

20RJUNS A8pulg

AABS 1O UL € BJ0)
£861

UOLQBLABA SSBUNMDLYUT J04 PRI08UU0D SBNIRA BU0] xx

6¢ ¢S

£€ 64
011°22 050°6
01 01

LL9¢ geve
80°¢ 1€°9
B0B1JNS Japulg

ADS JO UL T 840)
G361

[LRYSUBK MO[G & x

- -

11
x LOEY x
AR
30RLANG J8puLy

X1W paloedwooupn

3UBT punoq3se3 - u0L3d9SJdeju] enusAy auois

L P

€ 29

0456°22 066°8

92°§ 25°§

808LUNS Jdaputig

AABS 40 JA 7 B8u0)
9861

Ge g6

9% ¢

082°21 ovg8cs

& L

8692 660¢

AN 9979

800 4UNS Japutg

AdBS 40 4K 7 3409
9861

8¢ 9L

37 25
098°41 098°/
61 0t

8002 v20e
81°§ 0G°§
BOBLUNG Jsputg

AdBS 40 JA T 8409
G861

- —— -

——-- b
- 05.°e1
01 o1

« TVSY % [ELE
8e° 6 L1
3oB4dNg A8pULg

XL pa3oeduooun

8U®q punogiseg

UOL108SdoaU] 186428 BU3IJARR (3In0S

quBwa) 1(eydsy PaldedlX] pue
XLW 97840U07 jUsWS] 7[eydSy 4O SOL3siddidRdRYy)

S48]BUWLIUBY “A3L]139NQ

o8s ¢ Wh 001 do/4
I PIIORUAIXI uusd

$8510d BHWW 00€
Y poIdRJIXT SLA SOy

MGl [ leysdel
vx A3L[1Qe1S |LRysdey
IV % petoedlXy

JegButiue) “A31(139nQ

285 ¢ Wh Q0T 404/
Y pIIdBUAIXT uusd

$9510d OHWW COE
JY paloeJlX3 sLp sqy

#MOL4 [Leysdey
#x A2LLLQRIS [leySdey
W % PBIDLUAIXT



Extracted ¢ AC
Marshall Stability **
Marshall Flow

Abs Vis Extracted AC
140°F. 300 MMHG Poises

Penn Extracted AC
77°F, 100 gm, 5 sec

Ductility, Centimeters

Characteristics of Asphalt Cement Concrete Mix
and Extracted Asphait Cement

4° Circular Curve

Station 232+45 to Station 241+50

Uncom
Binder

- o~

- -

- e e -

* 75

pacted Mix
Surface
5.13
3958 *
10

14,100

49

—~———

blow Marshall

Cores Cut After 1 yr

Binder
5.26
1167
15

16,930

37
33

Surface
5.18
1404

15
20,710

40
21

1985

Cores Cut After 2 yr
Binder Surface
5.33 5.22
1421 i612

10 11
21,560 24,354
33 37

22 23

** Core values corrected for thickness variation

1987
Core Cut After 3 yr
Binder Surface
5.58 5.52
30,147 42,282
31 30
17 22

.‘62...

Z-3 Xipuaddy
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Average Rut Depth
14 Readings

High Reading
Low Reading

Average Rut Depth
14 Readings

High Reading
Low Reading

1985

6.04
0.10
0.00

1985

0.05
0.05
0.00

Left Turn
1986

0.08
0.20
0.04

Left Turn
1986

0.08
0.12
0.02

1987

0.10
0.26
0.04

1987

G.08
g.12
0.05

Pavement Ryt Condition
South Martha Intersectt

on

Westbound Lane (inches

Inside Lane
1485 1985 1687

0.06 0.11 0.12
0.10 0.32 0.38
0.00 0.05 6.05

)

Qutside Lane
1985 1686 1987

0.09 0.14 0.16
0.15 0.24 0.24
0.05 0.09 0.10

Eastbound Lane {inches)

Inside Lane
1985 1986 1887

0.07 0.11 0.1
0.10 0.15  0.24
0.00 0.05  0.08

Qutside Lane
1985 1985 1887

0.10 0.14 0.16
0.15 0.23 0.24
0.05 0.05 0.06

1985

0.06
0.10
0.00

1985

0.09
0.10
0.0%5

Right Turn
1986

0.09
0.12
0.06

Right Turn
1986

0.10
0.12
0.08

1987

0.09
0.12
0.06

1987

0.11
0.13
0.08

..‘[S...

2~ xtpuaddy
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