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The information contained in this report was compiled oxclusively for the
use of the Michigan Department of State Highways and Transportation, Recom-
mendations contained herein are hased upon the research data obtained and the
expertise of the researchers, and are not necessarily to be construed as Depart-
ment policy. No material contained herein is to be reproduced—wholly or in
part—without the expressed permission of the Enginecr of Testing and Research,




The concept of re-using highway construction materials began in the
Michigan Department of State Highways and Transportation about 10 years
ago with an experimental shoulder reconstruction project in Genesee and
Saginaw Counties (1). Twenty-one miles of Interstate shoulders were re-
constructed in five experimental sections using different liquid bituminous
binders to stabilize existing gravel materials by mixed-in-place procedures.

Even though this first project successfully demonstrated the effective-
ness of such methods for reconstructing highway shoulders, the need for
specifications and quantitative design guidelines alsc became apparent.
Recommendations resulting from this first project called for further re-
search todetermine design criteria, as well as desirable properties of both
the bituminous admixtures and the potential base materials to be reworked.
In February 1972, the Rescarch Laboratory initiated a research project
designed to satisfy these needs (2).

The purpose of the research study was to obtain additional information
concerning the design of asphalt-aggregate combinations when stabilized
in-place for reconstructing existing shoulders and bases. The study em-
phasized the use of existing base materials as well as the reclaiming of old
asphalt surfaces and incorporating them into the resultant base layer. Re-
sults obtained from the laboratory phase of this study, reported in June
1974, formed the basis for expanded use of the mixed-in~place concept for
shoulder and base reconstruction (3). The final phase of this study, con-
ducted during 1974-75, involved both field and laboratory evaluations on
eight major reconstruction projects along Interstate and primary highways
(¢). In all, more than 370, 000 tons of recycled base material were pro-
cessed in-place on these eight projects.

The need for action to correct roughness and surface deterioration on
I 75 in Cheboygan County (Fig. 1) became evident during the spring of 1975
when amean Present Serviceability Indexof 1.05 was measured. Service-
ability values of 2.5 for major highways and 2.0 for lower traffic volume
highways, respectively, requive corrective action according to current
AASHTO guidelines (5).

The existing pavement was constructed between 1960 and 1962 using 25
in. of sand subbase, 1l in. of aggregate base, and approximately 4-1/2 in.
of bituminous concrete binder, leveling, and wearing courses. The bitu-
minous paving was constructed with 60/70 penetration grade asphalt cement
which became harder and more brittle with age and during cold weather.
The resulting eracks permitted moisture to enter the base causing localized
heaving and general deteriorationof the pavement resultingin the low ser-
viceability rating.
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recycling project, I 75 in Cheboygan County.




Two methods of rchabilitation were considered for the reconstruction
of this 11-mile section of highway which would minimize reflective crack-
ing as well as provide a smooth riding surface. The southbound roadway
was selected for reconstruction incorporating a 2-in. separation course @
hot mixbituminous base course) surfaced with leveling and wearing courses
totaling 2-1/4 in. in thickness.

Recycling, by pulverizing and stabilizing the existing bituminous pave-
ment was selected for the northbound roadway and is the subject of this re-
port; however, performance comparisons will be made between the north-
bound roadway reconstructed by recycling and the southbound roadway in-
volving a separation course,

In August 1975 the Federal Highway Administration approved Experi-
mental Work Plan No. 41, MDSHT Research Project 75 D-30, qualifying
the job as a Category 2 Experimental Project. TFinal preparations pro-
ceeded and included the sampling and laboratory testing of materials from
the road, documenting existing road conditions, and writing specifications
for the recycling, based on experience gained from past projects. Workon
the project was started in April 1977 by the prime contractor; Lake Con-
struction of Indian River. The subcontractor for recyeling the old pave-
ment was Woodland Paving of Comstock Park, Michigan.

The purpose of this report is to describe the construction of the re-
cycled roadway with emphasis on equipment, operations, and material in-
volved. A later report will present the physical characteristics of the re-
sultant materials along with in-service performance evaluations.

Pre-Construction Evaluation

Prior to construction, samples of existing bituminous surfacing and
aggregate base material were obtained and evaluated to determine proper
density levels and the appropriate asphalt type and amount for stabilization.
The samples consisted of bituminous concrete surfacing, taken from the
driving lanes, as well as shoulder base aggregate. In preparation for test-
ing, the bituminous concrete was crushed to a maximum size of 2 in. and
blended with the shoulder aggregate in the same proportion expected to re-
sult from mixing methods to be used on the project.

Tests were conducted in the Research Laboratory to evaluate the ef-
fectiveness of four different asphalts as potential stabilizers of the pul-
verized material (4). Two asphalt cements, along with an emulsion and a
cuthack, all typical of materials available in the state, were used in the
tests. Based on the results of these tests it was decided that either an




ORIGINAL NORTHBOUND ROADWAY

BITUMINOUS
SHOULDER -

t 172" THICK

5[

¢

. & BITUMINOUS CONCRETE 4 I/2" THICK

BITUMINOUS
SHOUL.DER

-+ 12 sl 12 - 9! —»l
MEDIAN TRAFFIC TRAFFIC OUTSIDE
SHOULDER LANE LANE SHOULDER

STAGE 1 CONSTRUCTION
¢
o |

BITUMINOUS CONCRETE LEVELING COURSE

SHOULDER f»

RN 224 s

"-RECYCLED BASE .
215

~OUTSIDE
‘ SHOULDER
g 12!

9'
TRAFFIC LANE
OPEN TO TRAFFIC
DURING STAGE |
CONSTRUCTION

STAGE 2 CONSTRUCTION

¢ I.,,__ ‘e
SH 0U9L DER
BITUMINOUS CONCRETE S X

T YO T YRR VST RVT AN T R YT R RT FYVTTNL Lrrrrreesreresserereeresneeessen;

A AN NN
I - X RECYCLED BASE—" I STAGE 2

s 21.5¢ ot E——
l OPEN TO TRAFFIC ’I RECYCLING

DURING STAGE 2

CONSTRUCTION

Figure 2. Major stages of recycling, I 75 in Cheboygan County.

The third and final stage consisted of a bituminous concrete wearing
course placed over the 38 ft roadway.




asphalt cement of 120/150 penetration grade or an MC~800 cutback would
be used as a stabilizer; the amount to be added would not exceed 5 percent
by weight of the bituminous mixture.

A compaction requirement calling for the density of the recycled ma-
terial to be 98 percent of AASHTO T-180 was also selected from the results
of these laboratory tests ).

These recommendations were incorporated in the "Special Provisions
for Bituminous Aggregate Base CourseStabilized In-Place' alongwith other
requirements established as the result of past mixed-in-place construction
projects. This Special Provision, along with the section of the 1976 Stan-
dard Specifications for Highway Construction applicable to this project are
included as an Appendix to this report.

Construction Procedure

To maintain traffic during construction, recycling of the asphalt con-
crete pavement was conducted in three stages involving approximately one-
half of the roadway at a time; one lane of traffic was allowed on the other
half as shown in Figure 2. In Stage 1 the portion of the roadway comprised
of the passing lane and median shoulder was recycled and paved with a
leveling course for the entire length. Similarly, Stage 2 involved the other
half of the northbound roadway with traffic directed tothe newly paved pass-
ing lane. Finally, Stage 3 consisted of paving the full width, 38 ft, with a
wearing course. Recycling consisted of: 1) pulverizing the existing 4-1/2
in. of asphalt concrete, 2) stabilizing by mixing asphalt cement into the
crushed material, 3) compacting the mixture and 4) trimming the com-
pacted base to the desired cross-section. The various steps in this re-
cycling method are shown diagrammatically in Figure 3.

Pulverizing the existing bituminous concrete began on June 22, 1977,
and required two cuts to crush the full 4-1/2 in. depth. The first cut, made
witha CMI 750 Rotomill, pulverized thetop 2-1/2 in. of material and placed
it in a windrow alongside the roadway. A second cut, made witha Pettibone
660 hammermill, erushed the remaining 2 in. of bituminous concrete (Fig.
4). The cutting width of the CMI and Pettibone machines are about 8 and
4 ft, respectively, so that two passes of the CMI and four passes with the
Pottibone were needed to crush one half the width of the roadway. Shoul-
ders required additional passes with the Pettibone. After the crushing
operation was completed, the material was bladed back to a smooth level
cross-section. The crushed material was well graded and contained only
a few pieces larger than the 2 in. specified size (Fig. 5).
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CMI Roto-mill crushing the top 2-1/2 in. of bituminous
concrete.

Pettibone hammermill crushing the remaining 2 in. of ‘
bituminous concrete. ' 3

Figure 4. Pulverizing the existing 4-1/2 in. of bituminous concrete.
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Sieve | Percent Gradation of pulverized bituminous concrete
Size Passing prior to stabilization.
2~-in. 100.0
3/4-in. 75.6
1/2~-in. 63.8
3/8-in. 53.6
4 36.3 ‘
8 25.1
16 18.0
30 13.3
50 7.3
100 2.3
200 1.1
Windrow of crushed bituminous concrete

from CMI Roto-mill.

Figure 5. Pulwrized bituminous concrete on I 75, Cheboygan County.

Figure 6. Stabilization of pulverized bituminous concrete with
asphalt cement through a single-pass stabilization machine.

-8 -



Crushing operations were hampered by numerous mechanical break-
downs of the CMI Rotomill, which occurred once or twice a day and were
major causes of delay. By the end of the job, however, most of the me-
chanical problems had been resolved and the crusher was working at near-
maximum capacity. The Pettibone hammermill, used topulverize the bot-
tom 2 in. of bituminous concrete, operated with few mechanical problems.

The crushed mixture was stabilized with a penetration grade asphalt
cement at an average application rateof 1.2 gal/sq yd. This type of stabi-
lizing agent was chosen because, unlike cutback asphalt, it requires no
curing time and is, therefore, a faster, more efficient additive.

The project was started using a 120/150 penetration grade asphalt at
335 F. After some mixing difficulties became apparent, it was decided that
200/250 penetration asphalt at 370 ¥ would produce a better mixture, so
about half way through the job, a switch was made to the softer asphalt.
The stabilizingagent was introduced into the crushed material with a single
pass P and H stabilizer resulfing in a uniform mixture (Fig. 6). The pul-
verized material was not heated prior to adding the asphalt cement. At the
request of the Construction Division, the base of the final 6, 000 ft (approxi-
mately) of the north end of the job was recycled without the addition of fresh
asphalt. Locations of the different test sections are shown in Figure 7.

Moisture content of the material to be stabilized was found to be cri-
tical to achieving a uniform mix. From the various moisture contents de-
termined inunstable areas, it was found that moisture levels near 7.0 per-
cent were excessive and such material should be dried prior to adding the
asphalt stabilizer. It was also found, by determining moisture contents in
several dryareas, that moisture levels below 4. 0 percent were not suitable
for obtaining a uniform mixture. Poorly mixed areas of asphalt and fines
were very evident when the material to be stabilized was too dry. During
the project, it became necessary either to add water to the pulverized ma-
terial or to aerate it, depending upon the moisture content.

Immediately after the asphalt had been mixed into the base material,
compaction operations were begun. Compaction of the stabilized mixture
was accomplished with one rubber-tired roller and two vibratory rollers.
Initial compaction was accomplished by the rubber-tired roller operating
directly behind the P and H stabilizer. When the rubber-tired roller had
completed its initial compaction, the surface was graded to the desired
shape,. after which the first vibratory roller compacted the material fur-
ther. This was followed by the trimming operation, and finally, a second
vibratory roller was used to compact the grade to specified density, 98
percent of standard density obtained using the AASHTO T-180 method. A
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summary of T-180 design densities, in-place densities, and percent com-
paction is presented in Table 1. The in-place densities were determined
with a Troxler nuclear gage using the 4-in. direct transmission mode of
operation. There were no unusual problems during density control of the
job, even with the use of different grades of asphalt cement and the vari-
ation in moisture content.

TABLE 1
COMPACTION DATA OF RECYCLED BITUMINOUS
CONCRETE BASE MATERIAL

T~180 Design Density In-Place Compaction Data

Average| Pereent of
Density,|Design (T-180)
Ib/cu ft Density

Stabilizing Agent | sverage,| Standard {No. of
Ib/cu ft | Deviation | Tests

Standard { No. of
Deviation | Tests

120/150 penetration 128.13 5.18 24 128.91 100.81 2.10 197
200/250 penetration 131,47 2.78 20 132.19 100,55 1.93 400
No bitumen added 129.95 3.46 2 131.41 101,12 2.56 28

Trimming the stabilized base to the specified grade conducted between
the first and second vibratory roller operations was accomplished by an
-autograder making two passes for each half of the roadway (Fig. 8). The
grade was controlled by a 30-ft ski riding on the adjacent grade. The first
pass was made at the centerline of the roadway, after which a second pass
was made on the outer side of the roadwayusing a center lane as the refer-
ence grade. With the type of equipment used, it was very hard to control
the grade because insome areas it was necessary to cut large quantities of
material and waste it while in other areas the grade was too low to cut at
all. Although this method of trimming was successful, it was felt that
modifications would be needed on future recycling jobs.

After the grade was compacted and trimmed, bituminous concrete
leveling and wearing courses were applied. After the leveling course was
paved, it was several weeks before the wearing course was applied. This
time lag afforded an opportunity to observe any weak base area that might
have been exposed by normal traffic loads. No such areas were evident
during the month before application of the wearing course.

Coﬁstruction Problems

In general, all construction operations were conducted successfully
and a satisfactory end product obtained.

-~11 -




Figure 8. Tmmmg the compacted stabilized base to the desired
cross-section with an autograder.

The major problems encountered were due to equipment malfunctions
and limitations. This was especially true of the CMI Rotomill, because of
its newness in the field of construction and the limited experience of its
operators. The CMI was able to pulverize only the top 2-1/2 in. rather
than the entire 4~1/2 in. of asphalt in one pass, as was hoped, without con-
stant breakdowngs. Therefore, it was necessary touse the hammermill and
make a second pass inorder to crush the existing pavement, which length-
ened construction time. Another problem encountered was one of mechani~
cal breakdowns involving the P and H stabilizing machines. Both of these
stabilizers were inneed of repair throughout the project requiring replace-
ment of drive gears and chains. These mechanical problems affected the
speed of the construction project but did not affect the overall procedures
or the results.

A problem which did affect the construction procedure to some extent,
was trimming of the compacted base to the desired cross-section. It was
found that the provisions made to control the grade were not effective, and
it was necessary for the operator to adjust the machine frequently. This
left the base somewhat rough and caused a problem when the leveling course
was applied. Other problems were encountered in selecting the proper
amount. of asphalt cement to add, the moisture content needed for a uniform
mix, and the utilization of compaction equipment with respect toother oper-
ations. Such problems were solved as they became apparent during the
construction operations, and were not a major cause of delay.

-12 -




Fuel and Energy Savings

Recording of fuel consumption was to be a part of the evaluation of this
recycling method. However, a recycling project of this magnitude, 11
miles of roadway 38 ft wide and 4-1/2 in. thick, was a new experience for
the contractor and required considerable experimentation to achieve effi-
cient usage of the different pulverization machines. Because of this ex-
perimentation it was felt that project records did not reflect a true estimate
of fuel economy. As anindication of potential for material and energy con-
servation it was estimated, during the planning stages of this project, that
80, 000 gallons of asphalt and 51,000 tons of aggregate would be saved as
compared with a rehabilitation method involving a.separation courseto pro-
vide an equivalent structure.

Construction Evaluation and Recommendations

Post-construction evaluation of the stabilized base will continue for the
next five years. Initial studies were conducted in the fall of 1977 and in-
cluded; in-place density measurements, coring of samples to be used for
stability testing, and Benkelman beam load testing.

BITUMINOUS CONCRETE

BITUMINDUS CONCRETE B LEVELING COURSE

LEVELING COURSE _

STABILIZED BASE
COURSE
120150 PEN. ASPHALT

STABILIZED BASE
: COURSE
3 200/280 PEN. ASPHALT

STA. 48+05 STA. 53+i0

Figure 9. Typical cores obtained from recycled
bituminous concrete pavement on I 75, Cheboygan
County.

Special in-place density tests were conducted by Research Laboratory
personnel, in addition to inspection testing during construction, to deter-
mine if the top 2-1/2 in. and the bottom 2-1/2 in. of the stabilized base
layer were of the same density. Some cores, obtained immediately after
construction, appeared to contain more voids in their lower portions than
in the portion nearer the surface. In-place density tests were performed
near these core locations and were made in a manner that would measure
the density in the upper 2 to 3 in. and then in the lower layer. Several lo-
cations were tested but no consistent difference between top and bottom
layers was found. Cores were obtained from the stabilized base from both
the 200/250 sections and the 120/150 sections (Fig. 9). The cores obtained
will betested for structural strength as well as density and asphalt content.
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Benkelman beam deflection measurements, using an 18-kip axle load,
were made on the recycled pavement as a measure of its structural qualify.
For comparison purposes, deflection measurements were also made on
adjacent sections of 1 75 havingtwo different cross-sections; 1) the opposite
southbound roadway which was reconstructed using a 2-in. bituminous base
separation course over the existing 4-1/2 in. bituminous concrete surface,
as previously mentioned, and 2) the original pavement section immediately
south of the recycling project. A comparison of the deflections obtained
for the different base conditions are presented in Table 2. Future evalu-
ation of this project will consist of deflection measurements, rut depth de-
terminations, and crack surveys, on an annual basis.

TABLE 2
BENKELMAN BEAM BITUMINOUS PAVEMENT
DEFLECTION MEASUREMENTS ON1 75,
CHEBOYGAN, OTSEGO, AND ROSCOMMON COUNTIES

Deflection Pavement
Location Measurement, ) Date
X Temp., F
in.
0ld pavement south of
recyeling project
{northbound) 0.0L34 46 10-27-77
(southbound) 0.0127 67 10-26-77
Separation course on 5B
: . 0-26-
. 175, Cheboygan Co. 0.0084 60 10-26-77
Recyeled pavement, NB
175, Cheboygan Co.
(120/150 penetration) 0.0122 46 10-27~77
(200/250 penetration) 0.0123 63 10-25-77
Black base o1 NB 1 75, 0.0134 52 11-20-72
Roscommon Co.
Aggregate base on NB 0.0133 41 11-20-72

I 75, Roscommaon Co,

The reconstruction of the il1-mile portion of I 75was successfully com-
pleted using mixed-in-place procedures to recycle the old bituminous con-
crete to form a new stable base layer. It was felt, however, that several
improvements in construction procedures and controls should be initiated
on similar projects in the future. In order to obtain suggestions and ideas
from those involved in this project, a meeting was held in the Research
Laboratory onSeptember 16, 1977, which included personnel from the De-
partment's Testing and Research and Consgtruction Divisions, and the con-
tractors. From this meeting, it was determined that there were three
areas of mutual concern: 1) trimming of the recycled base, 2) traffic con-
trol during construction, and 3) mixing and compaction of the recycled base.

-14 -



From this and subsequent meetings, and experience gained duringthis pro-
ject, the following changes or additions have been recommended for inclu-
sion in the specifications.

1) Asphalt cement penetration grade 200/250 should be added to the
asphalts permitted for use.

2) The amount of bitumen to be added shall be between 0 and 3 percent
by weight of the bituminous mixture.

3) Mixing temperature of asphalt cement shall be kept below the flash
point but not less than 350 F.

4) Recycled material shall be uniformly pulverized such that 95 per-
cent shall pass a 2~in. sieve.

5) All material which does not pass the 2-in. sieve shall not be large
enough to adversely affect the stability, structural integrity, and shaping
of the surface.

6) Material trimmed from the grade shall be used for grading shoulder
edges as directed by the Engineer.

7) Moisture content of the pulverized material shall be adjusted by
aeration or by adding water as directed by the Engineer prior to adding
bituminous material.

8) The mixed material shall be rough graded to the established grade
within a tolerance of + 3/4 in.

9) When asphalt cement is used, compaction and rough grading shall
be accomplished as soon as possible after addition of the bituminous ma-
terial.

10) Shaping shall be accomplished by use of a subgrade machine oper-
ating on crawler tracks or by other approved equipment. Such equipment
shall be controlled by atraveling string linenot less than 30 ft in length or
with a preset string line as directed by the Engineer.

11} As directed by the Engineer, a self-propelled sheepsfoot roller
shall be used for initial compaction.

12) Traffic shall not be permitted on the stabilized base prior to re-
surfacing.

-15 -



13) The density of the stabilized mixture shall be aftained prior to
final shaping.

It is felt that with these additions and changes in the specifications, the
congtruction of future recycling projects can be improved. Also, it is
hoped that future developments in equipment and fechnology will provide
more efficient and economical methods for recycling older pavements.
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SPECIAL PROVISIONS
FOR

BITUMINOUS AGGREGATE BASE COURSE STABILIZED IN PLACE

The following changes to Section 3.04 of the 1976 Standard Specifications
shall apply to this project:

3.04.02 -

3.04.03 ~

3.04.08 -

Materials - The Bituminous Material shall be either MC 800 or
Asphalt Cement penetration grade 120-1590.

The bitumen added shall be between 0 and 5 percent by weight of
the bituminous mixture. The minimum mixing temperature of
Asphalt Cement shall be 330° Fahrenheit.

Equipment Requirements -~ b. Crushing Equipment - A mini-
mum of two crushers shall be required. In lieu of a rotary re-
duction machine, the Contractor may elect to transport the ma-
terial to a crusher. As an alternate method, the existing mate-
rial may be removed from the roadway, crushed to a size meet-
ing this specification, processed through a mixing plant, and re-
placed on the roadway using a conventional mechanical paver in
conformance with the provisions of Bituminous Base Course,
Section 3.05,

¢. Mixers - Add the following:

1f asphalt cement is used one mixer shall be a self-propelled
single pass stabilizer, combining a cutting rotor, a blending
rotor, and at least one mixing rotor in the mixing chamber.

If a mixing plant is used, it shall conform to the provisions of
Section 7.10.04 and meet the requirements for producing 3.05
Bituminous Base Course mixtures. ‘The plant shall at all times
conform to local and state air quality standards. The Engineer
may require application of sufficient heat to the mixture in the
plant to achieve adequate workability at no additional cost to the
Department.

I MC 800 is used the Standard specifications shall apply.

Shaping, Rolling, and Compacting - The mixed material shall be
shaped to the established grade within a tolerance of + 3/8 inch
and the following requirements shall apply: Final shaping shall
be accomplished by use of a subgrade machine operating on craw-
ler tracks, or by other approved equipmsant, that is controlled by
a preset mechanical or electronic guide or by a manufacturer-
approved ski-type attachment or traveling string line, not less
than 30 feet in length.
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If a mixing plant is used, the AASHTO T-180 Unit Weight shall
be determined as the material is discharged from the plant.
Placement of the plant mixed base material shall be done in ac-
cordance with Section 3.05.

3.04.09 - Curing - The Engineer may permit traffic on the stabilized base
for periods not to exceed 48 hours prior to placing of the surface.
Such traffic shall not be permitted if it causes ruts, potholes, or
other disintegration. Rutting, potholes, or other areas of disin-
tegration in the stabilized base shall be repaired with Bituminous
Concrete Leveling Course as directed by the Engineer.

The provisions set forth in Section 1.08.05, Adequacy of Methods and Equip-
ment, will apply to this Special Provision.

Basis of Payment

Repair of the stabilized base due to damage caused by public traffic will be
paid for at the contract unit price for Bituminous Concrete Leveling Course.
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