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INTRODUCTION

The purpose of the project was to develop a method for relating bitu-
minous base thickness to aggregate base thickness of equal strengths.
The project was divided into three general phases: 1) development of
a testing procedure to determine the quasi-elastic or resilient modulus
of base materials; 2) the theoretical establishment of thickness equiva-
lency factors; and, 3) verification of findings of the first two phases by
field observation of highway test sections.

Theoretical analysis studies, development of laboratory testing met-
hods and preparation of appropriate computer programs have been des-
cribed in previous research reports (1, 2, 3, 4). In addition, some of the
laboratory and field testmg procedures developed during this project have
been used, after progressive modification, in other research projects Q,
6, 7).

For the theoretical studies, Hsia _(_{3_) concluded that base thickness
equivalency could be based on elastic layer theory and level of subgrade
compressive strain. He presented a series of curves for determining the
equivalent thickness of different base materials that would yield equal
limiting subgrade compressive strain which he assumed would result in
equal pavement performance. Kuo (4) developed more complete equiva-
lency relationships, based on elastic Tlayer theory and the limiting of ten-
sile strains at the bottom of the bituminous layers in addition to limiting
compressive subgrade strains. His method considers the ability of the
pavement to resist fatigue cracking and subgrade failure which results
in excessive rutting in the wheel paths. Thickness equivalency charts
were presented for two Michigan flexible pavement standard cross- sections,
and combinations of granular base and bituminous base thicknesses couid
be selected from these design charts.

It is important to note that the thickness equivalents developed in
the above reports are based on structural load facters alone. The environ-
mental factors (frost heave, thermal cracking, etc.) which for Michigan's
climatic conditions are important controlling factors in pavement perfor-
mance, are not taken into account. For this reason, the periodic inspec-
tion and evaluation of field test sections has continued in order that both
environmental and load application effects could be determined. This
report, which should conclude the project, is concerned primarily, with
the condition of the f{ield test sections during approximately 12 years
of service, and prior to their planned reconstruction.

The location and general layout of the bituminous base and the aggre-
gate base test sections are shown in Figure 1. Each section is approxi-
mately six miles long and forms a part of the I 75 freeway construction
south of Grayling. The test sections, designated A and B, were both con-
structed in the fall of 1970 but the aggregate base section was not opened
to traffic until the spring of 1974, about three and one-half years after
traffic was allowed on the bituminous base section.



Cross-sections of the two test areas are shown in Figure 2. It should
be noted that the sections are not identical, even apart from the con~
trasting uses of aggregate and bituminous treated aggregate for the bases.
The selected subbases are different {22AA and 23A modified), the sections
were consiructed under the supervision of different project engineers,
and by different contractors. These factors, plus the difference in the
time each was opened to traffic, made the two sections not entirely com-
parable. More comparable test sections for comparing aggregate and
bituminous treated aggregate bases were constructed by the Department
in 1976 as part of nearby areas of M 20 and M 66 (5, 8) in which techniques
developed during the I 75 studies were used.

This report covers field testing results for the 1 75 test sections ob-
tained at various times during the period 1978 to 1983. Earlier test re-
sults for the project, using different tfesting techniques, are not included.
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1978 AND 1981 FIELD TESTING

A cracking survey of the I 75 test sections was conducted in 1978 by
the Research Services Unit and Benkelman beam deflections and pavement
rutting measurements were made in 1881.

Figure 3 shows the cracking survey results in which the cracking is
expressed as total lineal feet for each entire six-mile test section. The
aggregate base contained less longitudinal cracks but more transverse
cracks than did the bituminous treated base.

Figure 4 shows the Benkelman beam deflection values for the test
gections. These measurements were made using the Laboratory's de-
flection measuring system described in Ref. (7). In this method, each
test section is divided into three subsections for the purpose of measure-
ment. All deflections were corrected to a 70 I temperature base. Re-
sults of these tests show a slight advantage for the bituminous treated
base and this is also reflected in Figure 5 which shows a higher percen-
tage of spreadability for the deflection basin of the bituminous treated

base.

Rut depth measurements show an advantage for the bituminous treated
base although both best sections are well within satisfactory condition
limits (Fig. 6).

1983 ANALYTICAL SURVEY

In 1983 E. C. Novak, Jr., of the Research Laboratory, proposed an
analytical survey procedure for determining the condition of Michigan's
flexible pavements. The purpose of that study was to provide an objective
method for collecting pavement condition information necessary for deter-
mining the most appropriate repair procedures to be used and to establish
a reasonable priority for conducting such reconstruction work. The methods
used and the significance of the data obtsdined are described fully in Ref.

(8).

The survey is based on the premise that surface distress features (various
forms of cracking, rutting, etc.) are treated as symptoms that can be
used to identify the fundamental cause of distress. From these data the
survey results are also used to establish structural pavement perfermance,
a Pavement Condition Rating and a Pavement Service Rating which is
indicative of the pavement's rate of deterioration.

The subject test sites were evaluated by this analytical survey method.
information obtained from the survey method is summarized in Figures
7 through 11. Interpretation of these data and method of sampling, follow
descriptions given in Ref. (8).
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Rut Depth Measurement

Rut depths were measured using the Laboratory's rut-depth indicator
and the forms of the rutting noted. Rut depth values represent the aver-
age of measurements made in each wheel path for the desired lane. Be-
cause rut depth values were higher in the driving lane than in the passing
lane the higher, more critical, values were used. As shown in Figure 7,
none of the rutting in the test sections was serious (less than a 0.2 in.
average maximum). There was less rutting, however, in the bituminous
base section.

Pavement Cracking

Figure 8 shows the severity of longitudinal, edge and alligator crack-
ing expressed as cracking intensity-—the length of each cracking type
contained in a 200-ft section of pavement. These forms of cracking run
in the direction of traffic.

Longitudinal cracking is found at either the centerline of the pavement,
the center of a lane, or the center of the wheel paths and is considered
to be caused by either a low resistance of the bituminous concrete to
softening of its supporting base, or to longitudinal weakness planes due
to overlapping of the asphalt surface layers near the pavement center-
line during construction.

Edge cracking occurs at the edge of a pavement and can be caused
by either low base shear resistance or by a base that is subject to soften-
ing, at which time it fails to provide adequate support at the pavement
edge.

Alligator cracking generally refers to long narrow areas of intense
cracking, usually in the wheel path, but which can occur over an entire
pavement surface. This form of distress is caused by fatigue cracking
of the bituminous concrete surfacing and should not affect pavement
riding quality providing the base performs well. If the base does not perform
well alligator cracking is usually followed by a rapid increase in roughness
and a need for repairs. As shown in Figure 8, all of the three crack forms
occurred in both types of base construction and fall within the medium
range of cracking intensity (below 50 percent). For the edge and alligator
types of cracking, however, the cracking intensity is significantly less
for the bituminous base section. Of the three types of cracking shown
in Figure 8, the alligator cracking is considered to be the most detrimental
to pavement performance. These results indicate that both the aggregate
and bituminous base pavements are subject to a moderate degree to base
volume change. The greater thickness of the aggregate base section
accounts for its being subject to significantly greater cracking intensity.
Edge cracking indicates the shoulder gravel provides low lateral pavement
support. '

-7 -
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Figure 9 shows the severity of full transverse, and tear cracking in
the pavement sections, expressed as Cracking Index - the number of full
transverse cracks in a 500-ft length of two-lane pavement, and as Tear
Index - the number of tear cracks occuring in a 500-ft length of two-lane
pavement. Full transverse cracks extend across both lanes of a two-lane
pavement. Tear cracks are transverse in direction but do not extend across
a wheel path.

Transverse cracking is, primarily, a measure of the bituminous con-
crete performance. Pavements that crack transversly at an early age
are considered to be surfaced by low tensile strength bituminous concrete
having a low resistance to fatigue or alhgator cracking and, hence, re-
quiring early repair. Full transverse cracking is a more significant factor
in pavement performance than tear cracking. Figure 9 shows less full
transverse cracking for the bituminous base section. These results in-
dicate that both sections were constructed with temperature sensitive
asphalt but the bituminous base section has a high asphalt content which
provides greater long term durability. This is another reason for the some-
what better performance of the bituminous base section.

Pavement Condition Rating (PCR)

Based on the analytical survey data a pavement condition rating can
be established which rates the pavement on a scale of 0 to 100, with 100
representing a perfect pavement. Those pavement distress features hav-
ing the most effect on performance have been fully presented by Novak
in Ref. (8).

Condition ratings of 50 or below indicate the pavement to be in a ter-
minal condition and to require rehabilitation. Ratings of 70 or more in-
dicate the pavement to be in an acceptable condition. Those pavements
rated between 50 to 70 are considered to be in gquestionable condition.
The purpose of the Pavement Condition Rating is to establish the priority
order for pavement repairs.

Figure 10 indicates that the aggregate base and bituminous base test
" sections have equal pavement condition ratings and both are in the ques-
tionable area of acceptability.

Pavement Service Rating (PSR)

The purpose of the Pavement Service Rating is to establish the priority
order for pavement repair of those pavements whose condition ratings
are approximately the same and lie between 50 and 70. This rating is
based on the volume of traffic carried, rate of pavement deterioration
and present condition. The PSR may vary from near 0 to a value in ex-
cess of 5. A 0 PSR value indicates the pavement to be in perfect condi-
tion while a 5 value indicates a normal rate of deterioration in which
the pavement would reach a PCR of 5 within a 20 year period, when
subjected to the highest ADT within its category. The PSR values for
pavements requiring repair should, typically, be greater than 5.



Figure 11 shows the PSR values for the two test sections. Both pave-
ments have equal pavement conditicn ratings (PCR); however, the PSR
indicates the bituminous base pavement is deteriorating at a more rapid
rate. Hence, if the bituminous base pavement had not been resurfaced
in the summer of 1983 its condition, in time, should have been worse than
that of the aggregate base section.

100 3 5 T
z -
BITUMINQUS
90 | 5 E@- " 'gaste é
= _ AGGRECGATE i
= . & BASE s
80 ~ -
(%] = z 4 =
o = & o
o g a 4
2 ~
g °F & o wl s
= Z Y z
E—
é 60 - - é 3} é ﬁ
0
5 ' 5] &
= 50~ N = E
) o Q
z L g i
Q 40~ > 2 - ﬁ ul
U m 3 |__ — E
E e z Ty
z 30 O W Gz
b < " o
w n < 5
Z 20 £ & F 2
fin < w
9 &
0 5 ?T
o
0 Y 0 Y

Figure 10. Pavement condition rating  Figure 11. Pavement service rating
values (PCR). values (PSR).

Figures 12 and 13 show the PCR and PSR values for the two test sec-
tions and for three other areas in the immediate vicinity of these sections.
These additional sections include two bituminous base sections (C and
D) and one untreated aggregate base section (E), constructed during 1971
to 1973 and opened to traffic in the spring of 1974. The bituminous base
sections are similar in construction to test section A and the aggregate
base section similar to test section B. These show the pavement condi-
tion ratings to be about the same for the bituminous treated and the aggre-
gate bases (Fig. 12). The pavement service ratings (Fig. 13) show a mixed
rate of deterioration among bituminous and aggregate base sections.
Sections D and E are deteriorating at a significantly greater rate than
are the other sections {Fig. 13).

-10 -

=y



100 IO
Ty A& B—TEST SECTIONS - ' g ARB-TEST SECTIONS
C—-SECTION BETWEEN A AND B C—-SECTION BETWEEN A AND B
- D-SECTION SE OF B D-SECTION SE OF B
6 80 E-SECTION SE OF D z 8fr E-SECTION SE OF D
2 g
Q2 70 A
z V)
: 7 :
z 60 %‘ < -
3 o "
= 50~ U gL
E >
ral i
Z L
9 40 7 D 4
— B E E ?
& 3o ¥ 3t %
p- ¥ 7
w <>I 7z
z 201 & 2k Bl E
- 7
10 / [ /
o 0
BITUMINOUS AGGREGATE BITUMINOUS AGGREGATE
BASE BASE BASE BASE
Figure 12. PCR values for different Figure 13. PSR values for different
bituminous and aggregate bases. bitumincus and aggregate bases.
CONCLUSIONS

The following conclusions can be drawn concerning pavement designs
that include bituminous and aggregate base course materials. These con-
clusions are based on laboratory studies and approximately 12 years of
field performance evaluation.

1) Equivalency factors for base layers are not constant factors. They
are instead, functions of the stiffness and thickness of the other layers
of the pavement section as well as the mechanical properties of the base
material itself.

2} Thickness equivalency charts for aggregate and bituminous treated
aggregate bases were developed by Kuo (4) for two standard Michigan
flexible pavement sections. These charts permit equating the thickness
of bituminous treated bases to that of aggregate bases to obtain equiva-
lent structural pavement performance. Environmental factors such as
frost heave, moisture variation, thermal cracking, etc., must be dealt
with as a separate design analysis.

-11 -



3) Long-term field studies, in which the pavement cross-sections des-
cribed in this report and in Ref. (6) have been exposed to both traffic
loading and environmental effects, indicate that the thinner (4-in.) bitu-
minous base sections performed as well as those constructed with a nor-
mally used thickness of graded aggregate base {about 8 in.). Some of
the tests indicated a small advantape for the bituminous base but the
difference was not considered significant.

4) The selection of an aggregate base or a thinner combination of
aggregate and bituminous base would appear to depend upon economic
rather than structural considerations.

5) In comparing different pavement designs it is important that the
quality of the materials used be carefully controlled in order that the
environmental effects can be minimized. This is particularly true of flexible
pavements where the durability of the bituminous and aggregate materials
used can exert a significant effect on pavement performance.

REFERENCES
1. Al Nouri, I, "Evaluation of a Quasi-Elastic Modulus of Granular Base
Material,” MDOT Research Report No. R-749, September 1870.

2. Al Nouri, L., "Effect of Temperature on the Elastic Response of Asphalt

Treated base Material,” MDOT Research Report No. R-816, June 1972.

3. Hsia, F. T., "Thickness Equivalencies for Asphalt-Treated and Untreated
Aggregate Base Course Layers,” MDOT Research Report No. 1025,
November 1976,

4, Kuo, S. 8., "Development of Base Layer Thickness Equivalency,” MDOT
. Research Report No. R-1119, June 1979,

5. Hsia, F. T., "Comparison on the Performance of Bituminous Stabilized
Bases (M 66 and M 20}," MDOT Research Report No. R-1046, February
1971.

6. Mainfort, R. C., "Further Evaluation of Black Base and Aggregate
Base Construction (M 20 and M 686)," MDOT Research Report No. R-1203,
August, 1982.

7. DeFoe, J. H., "Use of Deflection Bagsin Characteristics for Flexible
Pavement Analysis and Overlay Design,” MDOT Research Report No.
R-1204, September 1982,

8. Novak, E. C., "An Analytical Survey Procedure for Flexible Pavements,”
MDOT Research Report No. R-1225, not yet published.

-12 -

*y



