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1.0 INTRODUCTION

The problem of asphalt stripping, or the separation of the asphalt film
from the aggregate through water displacement or emulsification, has long been
recognized (1,2). In recent years there has been an increase in the expressed
concern of stripping-related distress in pavements. Such distress has been
reported in areas where there had not been any identified stripping problems
in the past.

This study, undertaken by Oregon Department of Transportation to evaluate
stripping in Oregon pavements, was carried out under Basic Agreement No.

DOT-FH-11-8876.

1.1 Background

The study, initiated in September 1982, consisted of two separate
phases. Phase I consisted of a laboratory evaluation of asphaltic concrete
mixes with a number of different antistrip agents using AASHTO T-165 (Effect
of Water on Cohesion of Compacted Bituminous Mixtures) and the Lottman
retained modulus test (1,4). The results of Phase I were reported in March
1983 (3).

Phase II, a field evaluation of selected Phase I projects, was initiated
in July 1983. This portion of the study consisted of testing field cores for
various properties to evaluate the effectiveness of laboratory criteria for
determining the need for antistrip agents. This report summarizes the signif-

icant Phase I results, as well as documenting the Phase II study.

l.2 Objective

As stated in the project statement, the overall study objective is to

identify and quantify the extent of asphalt stripping in flexible pavements in



order to provide a better understanding of the problem and guidance to allevi-
ate future pavement distress. This report addresses, specifically, the prob-
lem of stripping in the state of Oregon. Other agencies are to report similar

findings in their states,



2.0 SUMMARY OF PHASE I

2.1 Projects Evaluated

A total of 24 projects were selected for evaluation in Phase I; however,
only 20 were actually evaluated., They are identified in Table 2.1l.
Aggregates, asphalt cement, antistrip agent, and asphalt concrete mix from
each project were submitted to the central laboratory for extensive testing.
Criteria used to select the actual projects included:

1) aggregate type,

2) asphalt type, and

3) region of the state,

Figure 2.1 shows the location of each project in the state,

2.2 Test Program

A variety of tests were performed on the mix from each of the 20 pro-
jects. These are summarized in Table 2.2. These tests were performed on
both:

1) mix batched and compacted in the laboratory using aggregate

and asphalt obtained from the field, and
2) mix submitted from the field project.

Types of antistrip agents evaluated included Pavebond and lime.

2,3 Significant Results

The results of the Phase I study generally indicated that (3):
1) AASHTO T-165 alone may not always detect potential stripping
problems. Consideration should also be given to using an

index of retained strength or modulus ratio.
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Table 2.2 - Tests Used by Oregon DOT - Phase I.

Test Method
Aggregates
1. Gradation T-27
2. Specific Gravity T-84, T-85
3. DMSO _—
Mixture
l. Specific Gravity T-246
2. Maximum Specific Gravity T-209
3. Stability T-247
4, 1Index of Retained Strength T-165
Standard - 3,000 psi —_—
Two Alternates - 1,000 and 500 psi -
5, Modulus*
As—Compacted -

After Vacuum Saturation

After Freeze—Thaw

*Method described in NCHRP Report 192(1).



2)

3)

4)

5)

6)

Aggregate quality appears to be directly related to low values
of index of retained strength and modulus ratio.

Significant differences existed for compressive strength and
modulus between the submitted mixes and the laboratory batched
mixes,

Level of compaction greatly affected compressive strengthy.
However, IRS values show little change with compaction level.
Conditioning greatly affected modulus and modulus ratio
values,

The use of additives generally increases both modulus ratio

and index of retained strength.



3.0 TEST PLAN - PHASE II

This chapter describes the projects selected from the Phase I study to be
evaluated in Phase II and the sampling program, data requirements, and test

program used in the evaluation.

3.1 Projects Evaluated

A total of eight projects were selected to be evaluated from the 20
projects evaluated in Phase I, Of the eight projects evaluated, six were
selected because of their susceptibility to moisture—induced damage and two
were selected because they did not show susceptibility to moisture-induced

damage. The projects selected are identified in Table 3.1,

3.2 Sampling Program

For each project evaluated, a set of two 4-inch diameter cores and three
6-inch diameter cores were taken from the following locations: 1) in the
wheel-tracks in the travel lane, and 2) between the wheel-tracks in the travel
lane. 1In addition, two 4-inch diameter cores and three 6-inch diameter cores
were also taken from the wheel-tracks in the passing lane and between the
wheel-tracks in the passing lane for the following projects:

1) Emigrant Hill-Meacham, (West and East Bound)

2) Sunny Valley-Jumpoff Joe Creek, (North and South Bound) and

3) Elkhead Road-Rice Hill (North Bound only).

For the projects with no evidence of raveling, wheel-track erosion, or
suspected moisture—-induced damage, the samples were taken at one location
typical of the overall appearance of the surfacing. For projects with ravel-
ing, wheel-track erosion, or suspected moisture-induced damage, samples were

taken at one location adjacent to the damaged area and at one location in an

area without damage.



Table 3.1 - Projects Selected for Evaluation in Phase II.

a) Projects Susceptible to Moisture-Induced Damage

Laboratory Result

Project Indicating Potential Problem

Midland-California State Line e Modulus ratio below 0.70

Nylund Road-Roaring Creek e Additive needed to provide 70% IRS
® Modulus ratio below 0.70

Emigrant Hill-Meacham e Additive needed to provide 70% IRS

Vail Creek-Nylund Road e Additive needed to provide 70% IRS
e Modulus ratio below 0.70

Weston-Weston Mountain e Modulus ratio below 0.70

Sunny Valley-Jumpoff Joe Creek ® Modulus ratio below 0.70

b) Projects Not Susceptible to Moisture-Induced Damage.

Project

1. Hanley Ranch-Fish Lake

2. Elkhead Road-Rice Hill (Northbound)




3.3 Data Requirements

Information requested from each location sampled in the selected projects
consisted of the following:
1) highway sampled,
2) project sampled (section name),
3) mile post or station location of sampled area,
4) lane and direction of travel of sampled area,
5) condition of pavement,
a) wheel~-track wear depth to the nearest 1/8—inch,
b) percent of surface with pavement defects such as flush-
ing, cracking, soft aggregates, and so forth, and
6) photographs of the pavement surface.

Appendix A presents this information for each project.

3.4 Test Program

A variety of tests were performed on the wearing surface of the core
samples from the eight projects evaluated., These are summarized in Table

3.2. Measurements of the pavement and lift thicknesses for each core were

also taken.

10



Table 3.2 —~ Tests Used by Oregon DOT - Phase II.

a) Tests on 4—-inch cores

Test Test Method
l. Bulk specific gravity OSHD TM 202, 203

2, Resilient modulus ratio
As—compacted
After vacuum saturation
After freeze-thaw

3. Maximum specific gravity

4, Percent voids

b) Tests on 6-inch cores

Test

l. Gradation
2. Asphalt content
3. Modulus ratio — laboratory-compacted mix
4. 1Index of retained strength -

laboratory—compacted mix
5. Percent voids -~

laboratory-compacted mix

6. Reclaimed asphalt penetration and viscosity

OSHD TM 306

OSHD TM 305

Test Method
OSHD TM 309

OSHD TM 309
*
OSHD TM 307

OSHD TM 302, 305, 310

OSHD TM 314

*Method described in NCHRP Report 192(1).

11



4,0 TEST RESULTS — PHASE II

This section summarizes the results of the tests performed on mix and/or

aggregate from each of the eight projects.

4,1 General
For each of the projects evaluated, the following steps were undertaken:
1) A visual inspection of the roadway in the vicinity of the
sample locations was made.
2) Both 4-inch and 6-inch cores were taken and submitted to the
central laboratory for testing.
3) Tests were made on the 4-inch cores which measured voids and
modulus,
4) Tests were made on the 6—inch cores which measured aggregate
gradation, asphalt content, and asphalt properties.
A description of each of the projects is given in Appendix A together
with a preliminary performance evaluation. A followup evaluation in May

of 1985 is given in Appendix B.

4,2 Tests on 4-Inch Cores

Table 4.1 summarizes the results of tests on the 4-inch cores from the 8
projects. The modulus value test was made on a 4—inch core from each set at
three different conditions:

1) Unconditioned. In this case, the core was tested in the as-

received condition,

2) After Vacuum Saturation. In this case the sample was satu-—

rated in water for a period of 1/2-hour using 26-inch Hg

vacuum, then held for 1/2-hour in water without vacuum before

testing.

12
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3) After Freeze-Thaw. After vacuum saturation, the sample was

frozen for 15 hours at 0°F, thawed for 24 hours in a 140°F
water bath, and then conditioned at 77°F for 3 hours before
testing.

For each project modulus ratio, specific gravity, and percent voids were also

calculated. These also appear in Table 4.1.

4.3 Tests on 6—Inch Cores

Table 4.2 summarizes properties of the mix from the 6-inch core samples
submitted from the field, Prior to testing, the cut aggregates from the face
of the core was removed and discarded. The asphalt cement was extracted using
vacuum extraction techniques (OSHD Method-309) for the determination of:

1) aggregate gradation,

2) asphalt content, % and,

3) recovered asphalt properties
The modulus and IRS tests were performed on mix obtained from 6-inch cores
after laboratory compaction. Both these results are given in Table 4.2. The
procedures used for the modulus tests are as described previously. The
procedure for the IRS test is AASHTO T-165 with a 3000 psi molding pressure,
For each mix, the compacted and maximum specific gravity was measured by T-166

and T-209 procedures and void content calculated as follows:

Max., Sp. Gr. — Mix Sp. Gr.J

Void Content, % = [ Max. Sp. Gr
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5.0 DISCUSSION OF RESULTS

The results of the pavement performance survey for each project
evaluated, together with the lab indicators of field performance, are summar-
ized in Table 5.1. As indicated, there is some evidence to suggest the
modulus ratio values relate to observed performance. For example, of the five
projects with modulus ratios below 0.7, four of them showed evidence of early
distress. This section of the report attempts to evaluate the results of both

Phase I and Phase 11,

5.1 Job Mix Formulas

Table 5.2 provides a closer look at the mix characteristics by comparing
the mix design recommendations (Phase I) with those obtained from the field
cores (Phase II)., In general, the results of this comparison show:

1) the aggregate gradation is generally within job mix toler-

ances,

2) the asphalt content is often outside the job mix tolerances,

3) the IRS values measured in the laboratory are similar to those

measured on field mix, and

4) the modulus ratios for field mix vary considerably and are

generally higher than those measured in the lab.

5.2 Evaluation of IRS and Modulus Ratio

Table 5.3 summarizes the IRS and modulus ratios for each of the Phase II
projects. Four values are tabulated:

1) Tests associated with mix design results,

2) Tests on mix submitted from the field,

3) Tests on lab batched mix,
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4) Tests on field cores after 1 to 2 years in service.
The results indicate there are significant differences in both ratios for

supposedly the same mix,

5.3 Criteria for Predicting Moisture—Related Problems

The results presented in this chapter indicate, for the projects
evaluated, there appears to be some correlation between modulus ratio and the
occurrence of moisture-related problems. IRS did not seem to relate well to
field performance. However, these criteria should be re-evaluated and the

long-term effects of additives carefully studied.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

This report presented the results of the Phase 11 investigation, an
evaluation of selected field projects. Significant conclusions and recom-

mendations resulting from this phase are presented below.

6.1 Conclusions

Eight projects were selected for detailed field examination. The results

of the test program indicates:

1) Most of the projects evaluated experienced performance
problems; however, only the following showed signs of mois-
ture-related distress (e.g., early raveling)

a) Midland-California State Line,

b) Nylund Road-Roaring Creek, and

c) Vail Creek-Nyland Road.

All of these indicated potential problems in mix design.

2) Projects with IRS and modulus ratio greater than 707 did not
show moisture-related problems in the field.

3) Both tests provide some indication of the aggregate—asphalt

interactions.

6.2 Recommendations

The use of IRS and modulus ratio should be continued. Specific items
requiring further clarification are:
L) identification of short— and long-term benefits of additives,

and
2) clearer separation of the effects of voids or other mix char-

acteristics from those of asphalt-aggregate interaction.
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APPENDIX A

Project Descriptions
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1.0 MIDLAND-CALIFORNIA STATE LINE

This project is a two-lane highway on US Highway 97 with an ADT of
3300. The cores for this project were taken in both the Northbound and
Southbound lanes, at Mileposts 285.9 (Southbound) and 291.0 (Northbound).
following types of distress were noted

1)  wheel-track rutting of 1/8 to 1/2 inch, and

2)  10% flushing, 30% raveling, and 20% "picking out"

Typical photos of the project are given in Figure A.l.

2.0 NYLUND ROAD-ROARING CREEK

The

This project is a four-lane highway on US 20 (Santiam Highway) with an

ADT of 7000. Cores for this project were taken from the following locations

1) Station 1193+53.5 in the Eastbound passing lane. The surface
condition was rated good.

2) Station 1194+23.5 in the Eastbound passing lane. The surface
condition was rated bad.

3) Station 1194+23.5 in the Eastbound travel lane. The surface
condition was rated good.

4) Station 1206+31.5 in the Eastbound travel lane. The surface
condition was rated good.

Photos of the project are given in Figure A.2.

3.0 EMIGRANT HILL-MEACHAM

This project is located on Interstate 84 (ADT = 4800) and was of recycled

asphalt concrete. Cores were taken at the following locations:
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(a) Milepost 285.88, Southbound

{b) Milepost 291, Northbound

Figure A.l. Photos of Midland-Califormnia State Line.
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(a) Station 1194+23.5, Eastbound passing and travel lane

(b) Station 1206+24.0, Eastbound travel lane

Figure A.2. Photos of Nylund Road-Roaring creek Project.
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1)

2)

3)

Photos of

This

Cores for

1

2)

3)

3)

Photos of

Milepost 233 in the Westbound travel lane. There were minor
wheel-track ruts ( 1/8 inch) and the surface condition was
good.

Milepost 223.6 in the Eastbound travel lane. There was little
or no rutting and the cores were taken adjacent to a patch
(raveling problem). Some flushing was noted.

Milepost 223.64 in the Eastbound travel lane. The surface
condition was rated good with no wheel-track rutting. Some
flushing was noted.

this project are given in Figure A.3.

4.0 VAIL CREEK-NYLUND ROAD

project is also on US 20 (Santiam Highway) and has an ADT of 6800.
this project were taken in the following locations:

Station 1125+03.5 in the Eastbound travel lane. The condition

of the pavement is rated as good.

Station 1131+68.5 in the Eastbound travel lane. The condition

of the pavement is rated as raveled.

Station 1131+69 in the Eastbound passing lane. The condition

of the pavement is rated good.

Station 1137+52 in the Eastbound passing lane. The pavement

was rated as bad.

this project are given in Figure A.4.
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Pendleton 23
Portland 232

(a) Westbound, MP 233 (looking West)

(b) FEastbound, MP 223.61 (looking East)

Figure A.3. Photos of Emigrant Hill-Meacham Project, April 1984.
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(e¢) Eastbound, MP 223.64 (looking East)
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(a) Station 1130+00, Eastbound

(b) Station 1130+00, Westbound

Figure A.4. Photos of Vail Creek-Nylund Road.
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5.0 SUNNY VALLEY-JUMPOFF JOE CREEK

This project is located on Interstate 5 near Glendale and has an ADT of
12,600. Cores were taken at the following locations:
1) Milepost 69.5 in the Southbound travel and passing lanes. The

pavement condition was rated as good.

2) Milepost 68.5 in the Northbound lanes. The surface condition
was rated as bad.

Photos of this project are given in Figure A.5.

6.0 WESTON-WESTON MOUNTAIN

This project is located on State Highway 204 with an ADT of 610 to
1700. Cores were taken in the following locations:

1) Milepost 5.3 in the Eastbound travel and passing lanes. The
condition of the pavement is rated good with only slight
flushing and wheel-track ruts.

2) Milepost 4.25 in the Southbound travel and passing lanes. The
overall condition of the pavement is very good.

Photos of both sites are given in Figure A.6.

7.0 HANLEY RANCH-FISH LAKE

This project is a two-lane section of highway on State Highway 140 with
an ADT of 1745. The cores for this project were taken in the Westbound lanes
(Milepost 21.5) just at the start of a taper section from a three-lane to a
two-lane road. There were the following types of distress noted:

1)  wheel-track rutting of 1/16 to 1/4 inch,
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(a) Milepost 69.5, Southbound Lanes

(b) Milepost 68.5, Northbound Lanes

Figure A.5. Photos of Sunny Valley-Jumpoff Joe Creek.
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(a) Milepost 5.30 (looking East)

(b) Milepost 4.25 (looking South)

Figure A.6. Photos of Weston-Weston Mountain Project.
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2) minor loss of fines in the wheel-track and at the construction
joint 2 feet left of centerline,

3) no flushing,

4) no cracking, and

5) overall condition of the pavement is good.

Photos of the project are given in Figure A.7.

8.0 ELKHEAD ROAD-RICE HILL

This project is located on Interstate 5 mear Sutherlin and has an ADT of
4800, Cores were taken in the following locations:
1) Milepost 151.70 in the Northbound travel and passing lanes.
The pavement has visible distress in less than 10% of its area
with wheel-track ruts of 1/8 to 1/4 inch.
2) Milepost 149 in the Northbound lanes. This section also
exhibited wheel-track rutting.

Photos of the pavement condition section are given in Figure A.8.
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(a) Looking uphill

(b) Looking downhill

Figure A.7. Photos of Hanley Ranch-Fish Lake Project near MP 21.7.
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(a) Milepost 151.70, Northbound Lanes

(b) Milepost 149, Northbound Lanes

Figure A.8. Photos of Elkhead Road-Rice Hill.
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APPENDIX B
Performance Evaluations

May 1985
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1
1
I
1
!
I

Vale Creek-Nyland Road

EB Travel | EB Passing

EB Passing

i Nyland Road-Rearing Creek i Sunng Vallay- Jumnﬁ f Joe Creek
! Travel 15B Passing 1 5B

Travel | NB Pa551ng i NB Travel

None

None

Naone

1125400 1131465 | 1131465 1137+48 | 1193+50 1194+20 | 1194420 1206+30 : MP 69,5 | MPR9.5 I MP BB.S | MPGB.S
Overall | | |
Ratirng i bood (4) i Fair (3) i Good (4)
Ravelling E 10-20% Considerable ; )20% Excessive 5 y20% Excessive
Bleeding | None i None i Nane
Rutting | 100% - 1/8" to 1/4" ' 100% - 1/8" to 1/4" E 0 to 1/8" Slight
Has Been | i i
Overlayed | More - considering a sand seal 1 None - considering a sand seal | Nore - considering a sand seal
i Elkhead-Rice Hill i Hanley Ranch-Fish Lake Hestor—Waston Min. i Emigrant Hill-Meacham
! NB Passing | NE Travel | i ER Travel 1 EB Passing WB i i EB
i MP 1517 i MP 151.7 | Mp 21.3 iOMP G301 MPS.30 iOMP 233 1 MNP 223.6!1 1 MP 223,84
Overall | : ! :
Rating i Good (4) i Bood (4) H Very Good {4+) i Fair to Good {3+)
' i (Except in slide areas) | H
Ravelling | {5% Slight ' Nore E o% Very Slight i (5% §light
| : | :
Bleeding | Slight i Some in 0,34% i (1% I to 10% of project has substantial
' i Slight in 2,134 i .bleeu1ng Patching has been dore at
i i i isome locations.
Rutting | 1/4" to 3/4" Excessive | B0% - 0 ta 1/8° E 0 to 1/8" Slight i 178" to 1/4"
i v 20% - 178" to 174" : i Some throughout job
Has Been ! : ! !

Overlayed :

¢ Snwe patching over bleeding areas

49



