PN

R oy

TE
270
D33
1982
c.3

USE OF RECYCLED ASPHALT MATERIAL
IN THE CONSTRUCTION OF A BITUMINOUS
STABILIZED BASE, I 75, CHEBOYGAN COUNTY




FORMATION SERVICES

i

0049496

TE270 .D33 1982 c. 3

Use of recycled asphalt
material in the construction
: of a bituminous stabilized
. pase, I 75, Cheboyganh

TE270 .D33 1982 <. 3

Use of recycled asphalt
material in the construction
of a bituminous stabilized
base, I 75, Cheboygan

DEMID



USE OF RECYCLED ASPHALT MATERIAL
IN THE CONSTRUCTION OF A BITUMINOUS
STABILIZED BASE, I 75, CHEBOYGAN COUNTY

J. H. DeFoe

Research Laboratory Section
Testing and Research Division
Research Project 75 D-30
Research Report No. R-1209

Michigan Transportation Commission
Hannes Meyers, Jr., Chairman; Carl V. Pellonpaa,
Vice-Chairman; Weston E. Vivian, Rodger D. Young,
Lawrence C. Patrick, Jr., William C. Marshall
John P. Woodford, Director
Lansing, November 1982



The information contained in this report was compiled exclusively for the use
of the Michigan Department of Transportation. Recommendations contained
herein are based upon the research data obtained and the expertise of the re-
searchers, and are not necessarily to be construed as Department policy. No
material contained herein is to be reproduced—wholly or in part—without the
expressed permission of the Engineer of Testing and Research.



This is the final report describing features of Michigan's first large-
scale cold recycling project, constructed in 1977 on I 75 in Cheboygan
County. A previous report desecribed construction procedures, specifica-
tions, and road history along with some test results (1). This final report
summarizes material characteristics determined by laboratory tests and
measurements of the road's performance over the five-year evaluation
pericd.

The original roadway, an 11-mile portion of T 75 in Cheboygan County .
(Fig. 1), was constructed between 1960 and 1962 using 25 in. of sand sub-
base, 11 in. of aggregate base, and approximately 4-1/2 in. of bituminous
concrete binder, leveling, and wearing courses. The bituminous layers
were constructed with 60/70 penetration grade asphalt cement which be-
came harder and more brittle with age and during cold weather. Thermal
cracks then developed which permitted moisture to enter the base causing
localized heaving and general deterioration of the pavement resulting in a
low serviceability rating.

Two methods of rehabilitation 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 utilizing a 2-in. separation course (a hot-
mixed bituminous bage mixture) surfaced with levelingand wearing courses
totaling 2-1/4 in. in thickness.

Recycling, by pulverizing and stabilizing the existing bituminous pave-
ment to create a bituminous base, was selected for the northbound roadway
and is the subject of this report. Performance comparisons, however,
were made between the experimental recycled northbound roadway and the
southbound roadway involving a separation course. Cross-sections for the
two reconstructed roadways are shown in Figure 2.

In August 1975, the Federal Highway Administration approved Experi-
mental Work Plan No. 41, MDOT Research Project 75 D-30, qualifying the
job asa Category 2 experimental project. Work on the project was started
in April 1977 by the prime contractor, Lake Construction of Indian River,
Michigan. Subcontractor for recycling was Woodland Paving of Comstock
Park, Michigan.
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' Figure 1. Tocation of recycling project, I 75 in Cheboygan County.
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Performance Measurements

Deflection, rTut depth, and condition survey measurements have been
made periodically since construction in order to evaluate the performance
of the recycled pavement. The four 1/2-mile long test sections where
measurements were made are shown in Figure 3. Comparative measure-
ments were also made on the conventional separation course consiruction
at three adjacent test sections in the southbound roadway (Fig. 3).

Rebound deflection measurements were made using a Benkelman beam
and an 18-kip single axle load. In this test, the load truck is parked at the
test site while the Benkelman beam is placed in position with its pointer
between the dual wheels and several inches ahead of the axle (Fig. 4). De-
flection of the pavement surface is continuously recorded as the load truck
ig driven foreward at about 1/2 mph. A deflection basin as recorded in the
field is shown in Figure 5. Deflection values at 1-ft intervals were used to
analyze the deflection basin. The shape of the deflection basin was then
used to evaluate the structural stiffness of the pavement layers including
that of the stabilized base layer. Deflection basins measured at the four
recycled base test sections and at the three adjacent separation course
gections are shown in Figure 6 for comparison. Also included in Figure 6
are data from previous studies of black base sections on M 66 and I 75 (2).

Deflection basin measurements have been used in connection with other
Departmental research for measuring the stiffness of layered pavement sy-
stems (3). In this procedure, the shape of the deflection basinis expressed
as spreadability, S, given by the equation

d0+d1 +d2 +d3+d4
§= 5dg

where: d0 = maximum deflectionunder the wheel load, in.

dy, do, « « » d4 = deflection at 1, 2, 3, and 4 f£ from the load.

Spreadability values are a measure of the area under the load deflec-
tion curve and provide an indication of the relative ability of different pave-
ment sections to distribute vehicle loads to the foundation soils. Spread-
ability values alone can be used to directly compare different pavement
sections but more importantly can be used along with computerized layer
analysis methods to compare pavement performance in terms of fatigue life
and rutting life due to traffic loadings (3). Spreadability values for the test
sections are givenin Table 1 along with the other performance parameters.
Material characteristics which were measured during the evaluation are
given in Table 2.



Recording the initial deflec-
tion with probe between the
dual wheels of the load truck.

Recording deflections while
the load truck is creeping
forward.

Oil-filled hole for pavement
temperature measurements.
Temperature recorder above.

Figure 4. Benkelman beam deflection testing.
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Figure 5. Benkelman beam deflection recording with the beam
pointer and wheel load shown as the truck is moving forward.

TABLE 1

CONDITION SURVEY AND DEFLECTION MEASUREMENTS
; Rut Depth .
Maximum - Cracki

Section Deflection, Spreadabﬂtlty’ Outer ;‘:;exng
No. in. percemn Whet-alpath, Cr

in.

AR (2) 0.0090 56.1 0.050 1.2
BR (3) 0.0109 55.8 0.100 0
CR (4) 0.0122 56.1 0.070 0.1
DR (9) 0.0120 52.6 0.070 2.7
AS (T) 0. 0062 72.2 0.140 13.1
AS (6) 0.0072 69.3 0.030 2.3
AS (5) 0. 0076 63.7 0.045 9.8
B.Bage [ 75 0.0093 65.6 0.040 -—
B.Base M 66 0.0102 60.8 0.092 0

* Cracking Index, CI, is defined as the number of full width
{two lanes) plus one half of the half width (one lane) trans-
verse cracks per 500 ft section of two lane roadway (4).
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Results of rut depth measurements are shown in IMigure 7. These mea-
surements were made in order to compare performance with that of the
separation course construction. Performance measurements which were
previously made on two black base sections on I 75 and M 66 are included
in the performance results of the subject test roadways summarized in
Table 1. These values provide a comparison between the two base con-
structions in addition to comparing the recycled base with the separation
course method.

Material Characteristics

Material characteristics necessary for structural evaluation include
resilient modulus, layer thickness and density, and asphalt content of the
bituminous surfacing courses including the stabilized base layer. Layer
thickness and unit weights were determined ‘by direct measurement of cores
taken from the road immediately after construction. Asphalt contents were
obtained by extraction tests in the laboratory.

Resilient modulus is a measure of the stiffness of a bituminous mixture
under dynamic loadings of short duration. A method for measuring resil-
ient modulus in the laboratory, using either core samples or molded Mar-
shall specimens, has recently been developed (5). Samples are 4 in. thick
and 2-1/2 in. in diameter when Marshall specimens are used. Core sam-
ples will be the thickness of the paving layer being tested, generally from
1 to 3 in. and 4 in. in diameter. The method is based on the indirect ten-
sile test and is used by the Research Laboratory for bituminous mixtures
regsearch. The method involves the repeated application of a 75-1b load of
1/10 second duration repeated every three seconds., Tests were also per-
formed using a one-second load duration to more completely describe the.
time dependency of the mixture stiffness. The load is applied vertically,
across one diameter of the sample and the resultant horizontal deflection
across the other diameter is measured to determine the resilient modulus,
M., from the following equation '

_ P (V+0.2732)
t*AH

My

where: M, = resilient modulus, psi
P =load, 1b
1) = Poisson's ratio
t = sample thickness, in.
AH = horizontal deflection, in.

-11 -
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The sample holder and transducers for measuring load and sample de~
formation during the resilient modulus test are shownin Figure 8 along with
a typical load-deflection recording. Figure 9 shows the complete labora-
tory test set-up for resilient modulus measurements. Resilient modulus
values for the recycled material are listed in Table 2 which summarizes
the properties of the recycled base mixture as measured in the laboratory.

Marshall stability and flow values were also measuréd (Table 2) to
provide for comparisons based on the more conventional mixture design
measurements. Marshall tests were performed at room temperature, how~
ever, since the stabilized base material was mixed and compacted at tem-
peratures of 100 F or less. Furthermore, the base should not experience
the same high in-service temperatures as the surface course materials
which are normally tested at 140 F.

Performance Measurements

Performance measurements, summarized in Table 1, can be compared
directly for the recycled base, the separation course reconstruction sec-
tions, and for sections which were initially constructed as hot-mix black
hase roadways.

Maximum deflections (Fig. 6) and spreadability measurements (Table
1) indicate the recycled base sections to be less stiff and have somewhat
lower load spreading capability than the separation course construction.

Deflection measurements, however, alsoshow the recycled roadway to
be nearly equivalent to the highways constructed with hot-mix black bases.
Rut depth measurements compared by test sections, upper graph of Figure
7, show the recycled constructicnto be much better in Section A but poorer
in Section B, than the separation course sections. Averaging all sections,
lower graphof Figure 7, shows generally less rutting for the recycled than
for the separation course roadway.

Cracking Index values (CI), shown in Table 1, show that recycling es-
sentially eliminates transverse cracking, whereas, the separation course
did not effectively inhibit reflective cracking. The average Cracking Index
for the recycled sections is 1.0 {including the nonstabilized section with a
CI of 2.7) as compared to 10.7 for the separation course sections. Crack-
ing Index, CI, is defined as the number of full width transverse cracks
(across two lanes) plus one-half of the half-width (across one lane) cracks
per 500-ft section of two-lane roadway 4).

-13 -



Resilient modulus testing apparatus including
load controller, environmental chamber and
recording equipment.

Sample loading and deflection measurement
device used in the resilient modulus test.

Figure 9. Test apparatus for performing the
repeated loading resilient modulus test.
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Material Properties

The physical properties of the recycled base mixtures are given in
Table 2 along with resilient modulus values measured on cores obtained
from the old wearing and leveling courses prior to recycling. These re-
sults show the stabilized mixture to be softer and more flexible than the old
bituminous pavement as indicated by recovered penetration values and by
the resilient modulus stiffness measurements.

Structural Evaluation

In addition to evaluating the recycled pavement on the basis of perfor-
mance and material property measurements, it is informative to consider
the expected life of the pavement. Pavement life, i.e., the number of 18-
kip equivalent axle loads (18 KEAL) to cause failure, can be predicted on
the basis of deflection measurements using layer analysis methods (3). A
computer program, CHEV 5L, is used which computes stress, strain, and
deformation due to a selected load, af specified locations in the layered
pavement system (6). Pavement data required for the CHEV program (for
each layer) include thickness, stiffness modulus, and Poisson's ratio. By
using the proper values for each of these layer parameters, the program
computes a deflection basin which closely matches that obtained by the
Benkelman beam. Strain values, also computed, are then used to predict
pavement life in terms of the number of 18 KEAL to cause failure by fatigue
or rutting. Measured deflection basins for sections Cy and Cg and their
respective computer matches are shown in Figure 10. Layer parameters,
stiffness, thickness, and Poisson's ratios which were used in computing
the deflection basins are also shown in Figure 10. Modulus values for the
bituminous surfacing and base layers were those measured in the labora-
tory. Methods used for estimating subgrade and subbase modulus values
involve a systematic trial and error process which has been used in other

Departmental studies (3). Fatigue and rutting life estimates are compared

in Table 3 for the recycled base and separation course sections. The num-
berof 18 KEATI applications to cause failure are estimated from the follow-
ing equations (2)

. -7¢C -3.67
Np=1.64 x 1077 €,

Ng = 3.17 x 1079€ ~4.37

where: Ny =number of 18 KEAL to cause fatigue failure
€t = horizontal tensile strain at the bottom of bituminous leveling
course
Ng = number of 18 KEAL to cause subgrade ruttingfailure
e v - vertical compressive strain at the top of the subgrade.

-15 -
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The number of 18 KEAL values in Table 3 show that, based on struc-
tural factors, both types of pavement construction should perform satis-
factorily for a period well beyond a reasonable design life. Environmental
effects, however, will tend to reduce pavement life below the values deter-
mined from structural factors alone.

TABLE 3
COMPARISON OF STRAIN LEVELS AND
FATIGUE AND RUTTING LIFE ESTIMATES

Tensile . . Compressive ] .

Section Strain, | 00 Eo0 ﬁ‘ff; Strain, l\?‘féuﬁfé‘f

in. x1076x | in x 1074k S
Cg (Recycled) 116.7 5.6 x 1010 3.0 7.4 x 108
Cg (Separation) 43.9 1.6 x 109 1.8 8.2 x107

* Horizontal tensile strain at bottom of wearing course.
** Vertical compressive strain at the top of the subgrade.

Conclusions

Cold in-place recycling of an existing bituminous pavement was suc-
cessfully demonstrated in this study. Specifically, the results of this pro-
ject show that:

1) The recycled base roadway is structurally equivaient to the road-
way reconstructed with a separation course.

2) Pulverizing and recycling of the bituminous surfacing, to provide a
stabilized base, essentially eliminated all cracks that otherwise would re-
flect through an overlay even when a separation course is used.

3) Physical properties of the recycled base material as measured in
the laboratory for this project were equivalent fo those of hot plant mixed
black base materials typically used in Michigan.

It should be emphasized, however, that more than two-thirds of the
recycled base material consisted of pulverized bituminous surfacing mix-
tures. Future projects involving lesser portions of bituminous materials
could possibly result in a lower quality product.

-17 -
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