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INTRODUCTION

In February 1972 the Research Laboratory initiated this research study
for the purpose of developing specifications for mixed-in-place bituminous
stabilization of base course aggregates. Application of the mixed-in-place
method by the Department in 1970 pointed to the need for further research
to develop quantitative guidelines and specifications for future construc-
tion (1). A preliminary phase of the research, completed in 1974, con-
sisted of laboratory experiments to measure strength parameters ofa limit-
ed number of material combinations (2). The final phase of the study,
which is the subject of this report, consisted of both laboratory and field
testing of stabilized materials used in recent construction projects.

These projects provided an opportunity to follow-up the research re-
sults with actual application experience and information. Research Labo-
ratory engineers and technicians cooperated with Construction engineers
and inspectors by providing data concerning bituminous application rates
and stability values, along with corresponding design density and moisture
values. The purpose of this report is to summarize the information ob-
tained from these projects and thus provide a basis for the design and con-
struction of future jobs.

Project Description

Six projects involved reconstruction of shoulders along Interstate free-
ways while two consisted of roadbed reconstruction of a state trunkline
highway and ramps. The eight projects, described in Table 1, involved the
pulverization of existing bituminous surfacing then blending it with existing
base aggregate to a depthof 5 in. The blended mixture was then stabilized
with the addition of the asphalt material, aerated to proper moisture con-
tent, shaped, compacted, and subsequently paved with a bituminous wearing
gsurface. The old bituminous surfaces on the shoulder projects were less
than 2 in. thick; the M 49 surfacing ranged in thickness from 2 in. to more
than 6 in. over extensive areas.

TESTING PROGRAM

The testing program consisted of a Beries of tests on the materials
prior to construction, followed where possible by tests on the stabilized
mixtures in their as-constructed state. Preconstruction testing involved
laboratory tests for stability, strength, and density at various levels of
asphalt and moisture content to determine mix proportions. The as-con-
structed testing consisted of measuring the in-place density, obtaining
asphalt and moisture contents, and forming test specimens of the freshly
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mixed material on the job site. Laboratory tests for strength and stability
were then made on thege specimens. All strength and stability tests were
performed in the laboratory at room temperatures which ranged from 72
to'78 F.

Preconsgtruction Testing

Samples of existing surfacing and base materials were obtained from
as many of the job sites as possible, several months in advance of con-
struction. The bituminous surfacing was pulverized and mixed with the
base aggregate in proportion to their respective thicknesses on the job.
Marshall test specimens were then prepared and tested at room tempera-
ture with various percentages of liquid asphalt to determine amounts re-
quired in the field. These tests were also performed at different levels of
moisture content to simulate possible field conditions. Associated mea-
surements of density and extracted asphalt content were alsomade. Figure
1 shows the stability, flow, and density values obtained at the various levels
of added liquid asphalt for Projects 1 through 4.
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Preconstructiontesting was also conducted for Project 5, I 94 in Wayne
County. It was anticipated that MC-800 would be used and that moisture
contents greater than 3 percent would be encountered during construction
operations. Laboratory procedures included a measure of the effects of
various moisture contents on mixes containing specified amounts of the 1i-
quid asphalt. Samples of aggregate and pulverized bituminous surfacing
were first mixedwith several proportions of MC-800 at 3 percent moisture
content as is shown in Figure 2. Three percent moisture was used in this
test series based on previous tests involving MS-2s emulsion described
elsewhere in this report in connection with the 1974 construction projects.
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Figure 2. Preconstruction Marshall test results (aggregate mate-
rial sampled from I 94 and stabilized with MC-800).




Possible effects of different field molsture levels, at the time of mix-
ing, were next measured. For this, a setof samples was prepared by add-
ing 2 percent agphalt residue (in the form of MC-800) with aggregate mate-
rial prepared at several levels of moisture content. Marshall stability,
flow, and density values were significantly influenced by moisture content
also shown in Figure 2.

During the preconstruction testing just described it became apparent
that several additional factors might influence stabilization results and
should, therefore, be studied. These factors included the differing pro-
portions of aged bituminous surfacing to be pulverized and blended into the
mixture and the influence of curing time between stabilization and paving.
Durability of the stabilized mixtures is also an important factor and was
included in the evaluation at this time. Because the projects constructed

-during 1974 permitted the use of either MS-2s emulgion or MC-800 cutback

at the contractors option, both asphalts were compared with respect to the
above factors. One project (M 49)involved large amounts of old bituminous
paving so that a measure of possible rejuvenation through action of the kero-
sene solvent in MC-800 seemed desirable.

Cutback Versus Emulsion

This study was conducted to compare an MS-2s emulsion with an MC-
800 cutback as stabilizers of mixtures containing pulverized bituminous
surfacing materials. The study, furthermore, was designed to make this
comparison with different amounts of both stabilizing agent and pulverized
bituminous material. The effect of curing time was also included because
it was felt that the kerosene solvent in the cutback would react with the aged
pulverized asphalt whereas emulsions, which contain water, would prob-
ably not flux the existing asphalt. Marshall tests for stability were per-

formed on mixtures prepared from roadway samples involving the following
variables:

Asphalt Type: MC-800 c¢utback, MS-2s emulsion
Amount of Asphalt Added: 1 percent, 3 percent
Aggregate to Pulverized
Surfacing Ratio: 1:1, 3:1
Curing Times: 1 day, 1 week, 1 month, 6 months

Three specimens were formed for each of the combinations and were tested
after specified curing time intervals.

Results of these tests are presented in Figure 3 and seem to indicate:
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1) greater stability on the average for mixtures containing MS-2s
emulsion as compared with MC-800 cutback,

2) greater stability with mixtures containing the lesser portion of pul-
verized bituminous surfacing,

3) mixtures containing the 1 percent added asphalt were more stable
than those mixtures containing 3 percent added asphalt, and

4) the average rate of increase in sta.bilﬁ:y was essentially the same
for all of the mixtures-tested.

In asecond series of tests a cutback (MC-800) and an emulsion (MS5-2s)
were again used to stabilize pulverized surfacing and base material from
M 49. Marshall test results in Figure 4 show the MC-800 to be somewhat
more stable than the emulsion at equal amounts of stabilizer asdid a similar
comparisonusing 22A aggregate (without pulverized surfacing), also shown
in Figure 4. Durability of mixtures stabilized with the two liquid asphalts
was also measured in this comparison by soaking samples in water prior
to testing. Two levels of stabilizer residue were used with samples cured
in three ways; one day air cure; 14 days air cure; and seven days air cure
followed by seven days immersion in a water bath at room temperatures.
Results presented in Figure 5 show no advantage of either asphaltic mate-
rial at the 2 percent residue level; however, the MC-800 mixture at 4 per-
cent residue was more stable than the emulsion mixture. Both mixtures
were less stable at the 4 percent level than at the 2 percent level. The
most significant result of this comparison is the overall loss of stability
of both mixtures after immersion; the resultant stability is about the same
for both asphalt mixtures regardless of stabilizer content.

This comparison between the two liquid asphalts should not be strictly
interpreted becauseno attempt was made to exactly match residue charac-
teristics. The asphaltsused were obtained from supply tanks and were in-
tended to comply with ranges set forth in Departmental specifications.

The lack of consistency in these comparisons (Figs. 3 through 5) may
be due to the variable nature of the liquid asphalts. For example, emul-
sions sampled from 13 tanker trucks on one project ranged in penetration
(of recovered residue) from 182 to 439 as compared to the 150 to 300 speci-
fication range. Furthermore, the average penetration of the 13 samples
was 311 and there were seven of the 13 which were above the upper speci-
fication limit of 300. The influence of penetration on mixture stability can
be seen in Figure 6, where two different MS-2s emulsions were used with
the same base aggregates. Both emulsions met Department specifications
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for MS-2s, one for road mix and the other for plant mix, with the lower
penetration material yielding a more stable mix as might be expected.

Laboratory Comparison with Asphalt Cements

In the previous section a laboratory comparison was made between two
types of liquid asphalt, an emulsion and a cutback. Subsequent sections of
this report describe the use of both liquid asphalts and asphalt cements as
stabilizers for reconstruction of shoulder base. It is the purpose of this
section to present the results of a laboratory study comparing the three
types of asphalts (emulsion, cutbacks, and asphalt cements) under equiva-
lent and controlled laboratory conditions. The asphalts involved in these
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comparisons have all been used in shoulder stabilization projects by the
Department. These evaluations were conducted to make direct comparisons
between the different asphalts and to determine which is more suitable for
mixed-in-place stabilization purposes. An initial phase of this comparison
involved the use of four different asphalts for stabilizing a 22A aggregate
(MS-2s emulsion, MC-800 cutback, 120/150 penetration asphalt cement,
and a 200/250 penetration asphalt cement). Resulis of this comparison
show the mixtures containing asphalt cements tobe significantly more stable
than those established with liguid asphalts throughout the range of residue
contents used for stabilization (Fig. 7).

-10 -
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Many Michigan rehabilitation projects are expected to involve mixtures
containing pulverized bituminous surfacing. For this reason a second
series of tests was conducted to compare the different asphalt types. It
was thought that the aged asphalt residue in the pulverized material might
react differently with each type of asphalt being added. Kerosene, for
example, in a cutback was expected to provide initial softening action fol-
lowed by increased stability with time. Hot asphalt cement, on the other
hand, might tend to plasticize the mixture slightly for a short time after
mixing followed by only a slight gain in strength with curing. Emulsions
with no solvent and lower delivery temperature were expected to have al-
most no effect on the aged residue so that the rate of stability increase
would be a function of the curing of the residue added in emulsion form.

In this experiment, the three asphalt types were compared when used
as stabilizers with aggregates containing large portions of aged asphaltic
material. The aggregate consisted of equal portions of pulverized bitu-
minous surfacing and shoulder aggregate both sampled from1 75 near Indian

-11 -




River as part of anotherstudy involving recycling of materials (3). Marsh-
all stability tests were performed to evaluate the agphalts under soaked and
unsoaked conditions at selected residue contents and curing time. Freeze-
thaw durability tests were also conducted on the various mixtures. Final-
ly, moisture-density relationships were determined for mixtures prepared
at asphalt contents typical of those used for mixed-in-place stabilization.

Evaluation of durability was based on the Marshall stability test to
comparestrengths of scaked and unsoaked samples after one day, one week,
and one month curing times. The samples contained 2, 3, and 4 percent
residue added as the stabilizer. Marshall stability and flow results are
presented in Figures 8 and 9, respectively, and show that all mixtures in-
creased in stability during curing while flow values remained essentially
unchanged. The effect of soaking the samples for 24 hours prior to testing
caused a substantial loss in stability for all asphalts until sufficient curing
had been obtained. As indicated in Figure 8, adequate curing requires at
least one week for all the stabilized mixtures.

Freeze-thaw durability of the various mixtures was compared by Mar-
shall specimens after three 24-hour freeze-thaw cycles. In this compari-
son two sets of samples were prepared and cured under equivalent condi-
tions for one month. One set of samples, designated as immersed, was
tested immediately after soaking for 24 hours while the other set of sam-
ples, designated durability, was subjected to the freeze-thaw cycling after
soaking. Results of these tests, shown in Figure 10, indicated no signifi-
cant effects of freeze-thaw exposure on any of the asphalts. Again, in this
study the asphalt cement produced greater stability than either of the liguid
agphalts. '

DENSITY AND COMPACTION CONSIDERATIONS

Throughout this study tests were performed to provide information
concerning density requirements for the bituminous stabilized mixtures.
Laboratory tests were conducted to show the effects of several variables,
including asphalt type and content, moisture content, and compaction effort
on stability and aggregate (dry) density. Field density tests were perform-
ed during construction operations and the results summarized for compari-
son with laboratory density values.

Effects of Asphalt Type and Content on Density

Samples of aggregate and pulverized surfacing were obtained from
several of the projects scheduled for reconstruction. These materials were

-12 -
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blended with 3 percent moisture and mixed with various amounts of an as-
phalt emulsion (MS-2s) and a cutback asphalt (MC-800). Marghall test
specimens were then formed, using 50 blows-per-face compactive effort,

and the dry deneity determined. The influence of the amount of asphalt on
density 18 negligible as shown in Figure 11.

In an additional test series the comparison was expanded to include two
asphalt cements of 120/150 and 200/250 penetration grades. The aggregate
used in this series was a 22A with nobituminous surfacing included. Again
a 3percent moisture content was used as a value typical of that encountered
during construction. Results of these tests, Figure 12, again show little
effect due to changes in asphalt content; 4 1b/cu ft difference was the maxi-
mum observed; for 200/250 penetration grade asphalt cement. The effect
of different asphalt types, however, is significant with asphalt cement mix-
ture lower in density by approximately 8 lb/cu ft as compared with the 1i-
quid asphalt mixtures. Density values of asphalt cement mixtures are also
slightly more affected by asphalt content than are the mixtures made with
the liquid nsphalt.
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Moisture-Density Relationship of Stabilized Mixtures

Even though the influence of asphalt content was found to be minor, es-
pecially for liquid asphalts, it was thought that field moisture content might
influence the level of dry density obtainable. As described in a previous
section of this report, samples of pulverized shoulder material from I 94
in Wayne County were mixed with 2 percent cutback asphalt (MC-800) and
prepared for stability testing by the Marshall method, 50 blowg-per-face
on the specimen. Test specimens were formed at moisture contents rang-
ing from 2 to 5 percent with density results shown in the upper portion of
Figure 2. A range in density of 8 1b/cu ft was obtained which corresponds
to 5.7 percent of the 141.0 Ib/cu ff maximum obtained; such a difference
could be of importance in field compaction and inspection testing.

Because this one test series indicated significant influence of moisture
content, additional tests were made involving four different asphalts blended
with material sampled from I 75 in Cheboygan County (3). This material,
containing pulverized bituminous surfacing, was mixed with 2 percent (re-
sidue) asphaltic stabilizers then compacted at various moisture contents
by the AASHTO T-180 soil compaction method. Moisture-density relation-
ship curves for each of the mixtures, are the result of repeating the test
procedure three times for each mixture. A completed moisture density
curve involving one sample per moisture value was determined for each
mixture. The procedure was then repeated for a total of three replications.
Individual test points and an average curve for each mixture are presented
in Figure 13. These curves show that moisture content can influence den-
sity values by as much as 7 lb/cu ft, within moisture content ranges which
might normally be encountered in the field. To illustrate the results which
might be obtained when individual curves are determined, as in the field,
the test series conducted with AC 120/150 mixtures is shown in Figure 14.
In this figure each curve is one replication as previously described.

Design Density Comparison

Laboratory measurement of mixture stability involved samples pre-
pared by the Marshall method whereas compaction testing in the field in-
volves maximum density values determined by a procedure such as the
AASHTO T-180 method. The relationship between these two methods was
measured intwo laboratory test series. The first series compared density
values obtained by preparing specimens identical in size and shape using
both T-180 compactive effort and compactive effort equivalent to 50 blow-
per-face Marshall compactive effort on identical materials. Two aggre-
gates, 22A and a Granular Material Class I, were combined with several
percentages of an MC-800 cutback and an M3-2s emulsion to provide some
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reasonable range in mixtures. Results of this comparison in Figure 15
show the Marshall compactive effort to yield slightly higher densities than
the '1'-180 method lor each aggregate nnd each asphalt and al all asphalt
contenls.
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Figure 15. Comparison of Marshall method and AASHTO
'T-180 compactive efforts in determining maximum unit
weights for various stabilined mixtures.

In this lirst lest comparisonthe samples were formed with T-180 molds
and hammers with Marshall compuctive effort achieved by adjusting the
total blows delivered to the sample. In the second comparison, Marshall
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specimens 4 in. in diameterby 2-1/2 in. high were prepared uéing an auto-
matic Marshall compactor to deliver the 50 blows-per-face compactive ef-
fort. These samples were prepared by incorporating 3 percent moisture
and 2 percent regidue of the asphalt Lypes used in comparing T-180 com-
paclion characleristics as described in the previous section (Fig. 13). Re-
sults of this test sexries show thal the Marshall method of compaction pro-
duces grealer densities than the standard T-180 effort (Fig. 16). It should
be recalled at this point that Marshall procedures were modified through-
out this research project Iy compacting and testing at ambient tempera-
tures rather than al 140 I
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in the tirst comparison, Marshall compaclive effort was achieved with
a T-180 rammer by adjusting the hlow count to provide energy to the speci-
mens in lerms of 1b-ft/cu [t of specimen material (Fig. 15). No adjustment
was made for the fact that the Marshall tamping foot is 3-7/8 in. in dia-
meter as compared to the 2-in. diameter of the T-180 rammer., This may
account for the apparent contradiction of the two comparisons shown in
Figures 15 and 16.

Field and Laboratory Density Comparisons

Adequate compaction is an important factor in the consiruction of sta-
bilized bases. Table 2 presents density valucs obtained in the laboratory
as well asvalues measured on the job. Laboratory density values, column
one, were determined priorto constraction and were picked from the curves
of Figurel at a typical asphalt content of 3 percent. In-place densities and
job-mix laboratory values of columns two and three, respectively, are those
shown later in Table 3.

TABLE 2
FIELD AND IABORATORY
DENSITY COMPARISONS

. Lahoratory | In-Place | Job-Mixed
Project Densily, Density . Laborator
No. diy 1 dry 2 Dvusa!a\

iy @
2 127.4 128. 6 Butr. b
4 134.8 12464 Lil.1
6 128.1 132.0 131.3

! Marshall density at 50 blows-per-[lace with
3 percent residue added,

= In-place nuclear density.

3 Marshall deasity al 50 blows-poer-luce at
field moisture content.

In-place values were measured by nuclear pages at the time of con~
struction. Samples of the stabilized material were then taken to the labo-
ratory and compacted to the in-place densities of column three, Table 2,
into specimensg for laboratory testing of strength and stability.

Density values presented in this section provide only a casual compari-
son due to the small number of tests involved. Furthermore, differences
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TABLE 3
"TEST RESULTS OBTAINED FROM THE SEVEN
PROJECTS DURING CONSTRUCTION

Asphalt Laboratory Test Value
. Dry {Moisture ] . .
Project . Content, Marshall Triaxial
No Density,j Content, roent \
" | pof | percent [POTUUM Stability,| Flow, | pry | c, | 4 | B,
YeSMUCL 1y [1/100-in.| Density| psi | deg | psi
1 121.3 - 4,50 2.19 2,069 7,94 130.8 6.53 41.6 16,600
2 128.6 3.21  3.00 1,423 9.75 130.5 5.83 34.1 15,000
3 132.5 2.80 ~ 3.58
4 125.4 3.46 3.45 2,111 12,24 131.1  T7.00 45.9% 18,300
5
6 132.5 3.11 4.486 1,288 10.50 131.3 5.00 40.0 12,600
7 2.90 2.50

in moisture contents, amount of mixing and aeration, as well as degree of
pulverization can strongly influence such a comparison. Project 4, M 49,
involved pulverization of old bituminous as much as 6 in. in thickness; sam-
ples of this material were readily pulverized in the laboratory to less than
1-1/2 in. whereas this could not be completely achieved on the job. It
should be stated that compaction was tested on all projects even though den-
sity values are shown for only three; earlierprojects involved control strip
procedures with nuclear count rates other than density values used as the
measure of compaction. In-place density values could be obtained for only
those locations where complete density-moisture tests were performed.

Effects of Delayed Compaction

On one of the shoulder reconstruction projects, Project 3, the asphalt
emulsion was added to the aggregate two weeks prior to final compaction
in some areas. Frequent rains and high humidity interfered with drying
and attempts to compact the mixture at near-saturation moisture content
resulted in an unstable rubbery condition; extensive mechanical aeration
was required before adequate stability could be achieved.

To measure possible effects of the delay and extra mixing, samples
were obfained from the shoulders which had been mixed with emulsion but
werenot immediately compacted; periods of time rangingfrom 3 to 16 days
elapsed after mixing. The samples were compacted in the laboratory,
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cured 24 hours, and tested for Marshall stability. Results of the study
show that mixed material layinguncompacted on the shoulder for only three
days achieved 1,150-1b stability as compared tothe 600-1b stability of mate-
rials mixed but uncompacted for the greater lengths of time (Fig. 17). The
purpose of these tests was to show the effect of excessive manipulation and
delayed compaction; the differences in stabilities for the several time in-
tervals shown could also bedue to the variability of the physical properties
of the emulsion used as mentioned in the previous section. Because of
emulsion variability, it became necessary to sample each tanker load as it
was delivered to the pI‘O]eCt and tested for conformance with Department
specifications.

1400

1200 - I

000 —

PRECONSTRUCTION TEST RESULTS,

800 THIS PROJECT

800 [~ } }

400

MARSHALL STABILITY, LBS

200 —

o L1 | | | | I 1 ! 1
) 2 4 8 8 10 12 14 16
TIME ELAPSED BETWEEN ADDING THE ASPHALT
EMULSION AND FINAL COMPACTION, DAYS

Figure 17. Effect of remixingand delayed compaection
on stability.

CONSTRUCTION

Eight rehabilitation projects were included as part of this research
study as listed in Table 1. Projects 1 through 5 were constructed during
1974 and 1975 and involved MS-2s emulsion ag the stabilizer. Projects 6
through 8, 1975 and 1976 construction, were stabilized with penetration
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grade asphalts (asphalt cements). A small portion of Project 6, approxi~
mately 3,000 ft, was stabilized with an MC-800 cutback so that information
concerning the three asphalt types could be obtained.

The mixed-in-place stabilization method used on these projects involved
certain basic steps with modifications to suit the types of asphalt stabilizer,
the nature of the material to be stabilized, and the type of construction,
i.e., shoulder or full roadbed rehabilitation. In general, the stabilization
process consists of the following steps:

1) Scarify and pulverize the existing surfacing

2) Precondition the aggregate by manipulation inorder to dry and mix
with pulverized bituminous surfacing material

3) Add bituminous stabilizer and mix to achieve uniform distribution

4) Aerate by further mixing to reduce moisture or volatile content

5) Compact and shape to grade and slope

6) Cure

7) Surface

Existing bituminous surfaces 2 in. or more in thickness are generally
plant mix paving courses and will require pulverization with a hammermill
or other equipment specifically designed for crushing (Fig. 18). Seal coats
generally can be crushed sufficiently with the same single-axle mixers used

Figure 18. Traveling hammermill used to pulverize old bituminous
surfacing.
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forblending and aeration, provided they are equipped with appropriate chop-
ping teeth (Fig. 19). The resultant mixture of existing surfacing (pulveri-
zed) and base aggregate should be aerated and dried to contain less than 3
percent moisture before the asphalt stabilizer is added.

Asphalt cements, when used as the stabilizer, are blended with the
conditioned aggregate through a single pass mixer with the stabilized mix-
ture immediately shaped and compacted (Fig. 20). A small single-axle
mixer may be needed directly behind the larger mixer to achieve uniform
asphalt distribution. The asphalt cement is added at temperatures nor-
mally recommended for120/150 penetration grade in accordance with Stan-
dard Specifications. Liquid asphalts, emulsions, and cutbacks require, in
addition to the previous steps, manipulation of the stabilized mixture prior
to compaction to dry out the water and solvent used to liquify them. After
compaction a curing period is usually recommended especially when emul-
sions are used. This curing period involves further loss of solvents and
emulsifiers accompanied by time-dependent hardening of the asphalt resi-
due. )

Reconstruction of shoulders adjacent to concrete pavement requires
the existingshoulder to be trenched along the slab edge to agsure treatment
of all material. Mixing operations are confined to the shoulder width, us-
ually 9 or 10 ft. Guardrails or other structures may restrict operating
area and not allow passage of the larger multi-axle single pass mixers.
The compacted mixtures must be graded to such elevation as to allow for
application of the surfacing course which should be flush with the pavement
surface. This shaping must be done within a day or so after compaction
while the material can be easily cut.

Stabilization with Emulsion

Five of the projects described in this report were stabilized with emul-
sified asphalls. Construction procedures outlined in the previous section
were followed, with the aeration and drying phases requiring considerable
emphasis. Difficulties were encountered in achieving stability on three of
these projects because of excess moisture in the stabilized mixture. Even
though the material could be compacted to acceptable density values, con-
struction traffic and pavingequipment would rut and shove the base in large
~ areas. Sampling in these areas revealed large amounts of moisture. Such
areas, when detected in advance of paving, were aerated further and then
recompacted. Tests show that remixing, after initial compaction, causes
a significant reduction in strength (Fig. 17). Several areas were replaced
with conventional hot-mix material at the time of paving to avoid further
construction delay.
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The moisture problem occurred on these projects because the existing
surface was scarified and pulverized several days, and on one job several
weeks, in advance of stabilization operations. Rainy weather during the
interim saturated the material and the emulsion stabilizer was added while
the material contained excessive moisture. During stabilization and initial
attempts to compact the material on this job, moisture contents were as
much as 10 percent. After proper aerationsadequate stability was achieved
at moisture contents of about 3.5 percent, Project 4, Table 3.

Figure 21 shows typical crackingof an emulsion base which is unstable
due to excess moisture within the mixture; progressive stages of failure of

a. surface placed over an unstable base such as this are also shown.

In-Place Stabilization with Asphalt Cements

In the past, in-place or road-mix stabilization has generally involved
liquid asphalt, either cutbacks or emulsions. During the 1975 construction
season 24.5 miles of freeway shoulders were stabilized with asphalt ce-
ments (Project 6, Table 1). Both AC 120/150 and AC 200/250 were used
on the project which also included two short sections mixed with an MC-800
cutback to provide a comparison with liquid asphalts. Construction opera-
tions were nearly the same as with liquid asphalts previously listed with
two important exceptions. First, the asphalt cement was added and mixed
in one step with a single-pass mixer followed immediately by compaction
and final shaping. Step 4 of the previous procedure was not necessary and
would be detrimental to the mixture since the asphalt cement hardens on

~ cooling to provide stability. Curing, Step 6, is thus omitted and paving can
take place as soon as the compacted shoulder is finished to proper grade
and shape. In using asphalt cements the aggregate must be dry (3 percent
moisture or less) prior to blending with asphalt. As with liquid asphalt,
no more of the old surface should be scarified and exposed to the weather
than can be stabilized in a day. With compaction and paving operations
following close behind mixing, only relatively short stretches are exposed
to wet weather conditions while being mixed. A second project involving
asphalt cement was started in 1975 and is listed as Project 7 in this report
in order to complete the list of stabilization projects for future reference.

As-Constructed Test Results

During construction, in-place density and moisture content measure-
ments were made at selected locations. Samples of the mixture obtained
from these locations were then prepared for laboratory strength and sta-
bility tests at the in-place state of moisture and density. The test speci-
mens were prepared immediately upon sampling from the roadway in order
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toduplicate the as~-constructed state of moisture content and mixture work-
ability. Duplication of density values was achieved by varying compactive
effort applied during molding.

As-constructed test values are presented in Table 3 for all projects
where such tests were made. In addition to Marshall stability and flow,
triaxial strength parameters along with in-place density and moisture con-
tents and asphalt percentages are also presented.

In-Place Strength Comparisons

The previously described laboratory comparisons provided for control
of all variables and permitted evaluation of the several asphalt types on an
equal basis: aggregates, mixing methods, and curing were the same for
each asphalt. In addition to such comparisons, it was also desireable to
measure relative strength as actually constructed in order to reflect nor-
mal variations in materials and on-the-job operations. For this purpose
a. hydraulically operated penetration device was assembled as shown as a.
sketch in Figure 22. '

In-place penetration tests were performed on the recycled stabilized
base of shoulder reconstruction projects stabilized with an emulsion, a cut-
back, and asphalt cements. On each project three tests were conducted at
each of five locations. ILocations were selected to provide a measure of
material and construction variation along the length of roadway; the three
tests made at each location averaged localized effects such as stones under
the point of the penetration device and lateral variation in mixing.

Each test consisted of a series of preselected loads applied to the point
along with a measurement of the corresponding penetration. Stronger
material resulted in lower penetration values under a given load than weak-
er materials. Results of these comparisons show that the material sta-
bilized with asphalt cement is stronger than mixtures made with either of
the two liquid asphalts (Fig. 23).

CONCLUSIONS

1) On the basis of strength and stability tests performed in this study,
shoulder and base course reconstraction using mixed-in-place stabilization
can best be accomplished with asphalt cements rather than the liquid as-
phalts.

2) Base aggregates containing significant portions (to nearly 100 per-

cent) of pulverized bituminous surfacing can be stabilized with asphalt ce-
ments using mixed-in-place methods.
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3) The aggregate material to be stabilized should be adequately dried
{3 percent moisture or less) prior to adding the asphalt, and the stabilized
mixture must also be sufficiently dry (3 percent or tess) when compacted
in order to achieve a stable base for surfacing.

4) Problems with excess moisture and resultant unstable areas often
developed in the bases stabilized with emulsions. Re-aeration and drying
of these areas was required before paving could proceed.

RECOMMENDATIONS

1) Recycling of shoulder and roadway bases by mixed~in-place stabi-
lization should be adopted as a regular procedure and used whenever justi-
fied by the need to conserve aggregate and provide a durable base.

2) Asphalt cements of the 120/150 or 200/250 penetration grades are
to be preferred over emulsions for aggregate stabilization in situations
where high moisture content of the aggregate might be a problem.

3} Recommended specifications for the use of mixed-in-place stabili-
zation in Departmental projects are included as an Appendix to this report.

4) A field inspection test for stability should be developed. Presently
the best method is to test roll the base, prior to paving, and observe for
excessive deformation or cracking of the base.

5) Emulsions appear to be more susceptible to variations in local
materials and construction conditions than are other methods of asphalt
stabilization. Further research is suggested to obtain more information
concerning the reaction of different types of emulsions with Michigan ag-

gregates.
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APPENDIX

RECOMMENDED SPECIFICATIONS

The specifications recommended here are the result of experience
gained during the course of this study involving three asphaltic stabilizers
and incorporate provisions for pulverizing significant thicknesses (two or
more inches) of existing bituminous surfacing.
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RECOMMENDED SPECIFICATIONS FOR
BITUMINOUS AGGREGATE BASE COURSE
STABILIZED IN PLACE

Desceriplion

This work shall consisl ol scarifying, pulverizing, crushing, adding
new malerial as required, and shaping to the plan grade for stabilizing with
bituminous material, and shaping, rolling, and compacting the stabilizer
aggregate to the proper elevation and slope.

Materiuls

The bituminous materials shall meet the requirements specified in
MDSHT Standard Specifications (4) as follows:

Bituminous Malerials

MC-800, Asphalt Cement Penetration Grade 120/150, 200/250 and
Emulsion MS-2s

The bituininous. material shall be applied at the rate as determined by
the Engineer so that the residual bitumen added will be between 2 and 5
percent by weight of the bituminous mixture. Residual bitumen content
shall be computed based on the residue of the bituminous material being ap~
plied.

When additional aggregate is required, it shall be 20A or 22A aggre-
gate 4).

When the bituminous material to be used is not gpecified on the plans
or in the proposal, the Contractor shall select one of the bituminous mate-
rials specified above.

EQUIPMENT REQUIREMENTS
Rollers

Rollers shall meet the requirements as specified under Rollers,

(+.12.035-1) Standard Specifications (4), except that combination pneuma-

tic~-stecl wheel and vibratory rollers will be permitted.

Crushing Equipment

When the use of c¢rushing equipment is specified in the proposal, the
cguipment shall be an approved rotary reduction machine having positive
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depth control adjustments in increments of 1/2 in. and capable of reducing
material which is at least 6 in. in thickness. The machine shall be of a
type designed by the manufacturer specifically for reduction insize of pave-
ment material, in place, and be capable of reducing the pavement material
to the specified size. The cutting drums shall be enclosed and shall have a
sprinkling system around the reduction chamber for pollution control. The
rate of forward speed must be pogitively controlled inorder to ensure con-
sistent size of reduced material. The machine must be equipped with an
accurate tachometer mounted in full view of the operator. The crushing
equipment shall meet the approval of the Engineer.

Mixers

Mixers shall be self-propelled and a combination scarifier, pulverizer,
mixer, and liquid distributor. Unless otherwise specified, a minimum of
two mixers will be required. The mixing rotor or rotors shall have a posi-
tive depth control to ensure a uniform depth of mixing. The spray bar for
distribution of the liquid shall operate in such a. manner that all asphalt will
be uniformly applied through the mixer at the time of mixing. The equip-
ment for distributing the bituminous material shall be adjustable and shall
measure accurately the amounts of bituminous material being applied. The
bitumen pump shall be a positive displacement type pump. It shall be equip-
ped insuch a mamer as to make it possible to check accurately the rate of
application of the bitumen at any time. The mixer shall meet the approval
of the Engineer. If asphalt cement is used, one mixer shall be a self-pro-
pelled single pass stabilizer, combining a cutting rotor, a blending rotor,
and at least one mixing rotor in the mixing chamber.

CONSTRUCTION METHODS

Scarifying and Pulverizing

The material shall be scarified and pulverized to a maximum size of
2 in. and to the depth specified on the plans or in the proposal, by one or
more passes. The maximum length or width of roadbed to be scarified and
pulverized at any one time shall be as directed by the Engineer,

Grading

Excess material not incorporated into the work will become the pro-
perty of the Contractor and shall be disposed of as specified under Dispos-
ing of Surplus and Unsuitable Material, (2.08.07) Standard Specifications

@).
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Additional aggregate shall be placed as necessary to aftain the plan
eross section.

After the material has been balanced, it shall bethoroughly mixed. In
guardrail areas, on ramps, and in bridge areas, the material to be mixed
may be bladed into a windrow to provide working room for the mixer.

The grade shall be shaped to a uniform crown and grade.

Mixing with Bituminous Material

The bituminous material shall be added only tothat material which can
be completely mixed, aerated, dried, and compacted in one day. The bitu-
minous material shall be added through the mixer, at the rate and tempera-
ture directed by the Engineer. The aggregate-bituminous mixture shall
then be bladed into a windrow and mixed with the mixer, the operation pro-
ceeding from one side of the work area to the other (approximately four to
eight windrow-mix coverages) until the mixture presents a uniform com-
position, free from fat spots and excess moisture, except that windrowing
will not be required where asphalt cement is used, or for shoulder stabili-
zation.

Aeration
Aeration of the mixture shall continue until the mixture is dried to the
moisture content approved by the Engineer, within the range of 2 to 5 per-

cent, based on dry weight.

Shaping, Rolling, and Compacting

Mixing, shaping, and ¢ompacting shall be done while the bituminous
material is in a workable state. The mixed material shall be so shaped
that, when compacted, it shall be in reasonably close conformity with the
lines, grades, and cross-sections shown on the plans or established by the
Engineer. Initial rolling may be done with a pneumatic-tired roller or rol-
lers., The aggregale-bituminous mixture shall be compacted to not less
than 98 percent of the unit weight obtained by the AASHTO T-180 test me~
thod. Such test shall be made on the aggregate-bituminous mixture at the
field moisture content existing during the compacting operation. Required
density shall be maintained until the material has been surfaced.

Curing

The base may be opened to traffic for a period of time as approved by
the Engineer prior to placing of the surface.
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Stability

The stabilized base shall be firm and stable under traffic loadings.
The base shall be capable of carrying construction equipment during all
phases of construction and paving of the wearing surface without excessive
deformation or crackingof either thebase or the applied paving. The Engi-
neer may require test rolling prior to paving. Any imperfections shall be
repaired as directed by the Engineer at contract unit price for base course
stabilized in place.

Weather Limitations

Bituminous material shall not be applied to the grade or to the aggre-
gate when rain is threatening or when the air temperature is lower than
55 F.

The stabilization work shail be performed in the Lower Pcninsula dur-
ing the period June 1 to September 15, and in the Upper Peninsula during
the period June 15 to September 1, unless otherwise authorized by the En-

gineer.
MEASUREMENT AND PAYMENT

Method of Measurement

Bituminous Base Stabilization, tothe depth specified, will be measured
in square yards.

Bituminous base stabilizer required for stabilization will be measured
by volume in gallons of residual bitumen at a temperature of 60 F in accor-
dance with the methods specifiedunder Measurement of Quantities, MDSHT
Standard Specifications (4).

When additional aggregate is required, the additional aggregate will
be measured by weight in tons or in cubic yards, loose measure, as Ag-
gregate - Base Stabilizing. The pay weight for aggregate used in road mix
will be based on the scale weight of the material, provided the moisture
content, determined at the time of weighing, does not exceed 6 percent. If
the material containg more than 6 percent moisture, the excess weight of
water over 6 percent will he deducted from the scale weight. NoO correc-
tion or additions will be made to the scale weight if the aggregate contains
less than 6 percent moisture. The determination of moisture content and
pay weights will be as specified under Measurement of Quantities, MDSHT
Standard Specifications (4).
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Basis of Payment

The completed work as measured for BITUMINOUS AGGREGATE BASE
COURSE STABILIZED IN PLACE will be paid for at the contract unit prices
for the following contract items (pay items).

Pay Item Pay Unit ]
Bituminous Base Stabllization Square Yard :
Bituminous Material ~~ Base Stabilizing Gallon

Aggregate -- Base Stabllizing Ton

Aggregate -- Base Stabilizing (LM) Cubic Yard
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