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At the request of R. A. Welke, Supervisor of the Bituminous Technical
Services Unit, part of Control Section F 210240 of US 2 has been investi-
gated todetermine the cause of early cracking, Normally, pavements such
as this one are scheduled for reconstructionwhen 12 to 14 years old; where-
as this pavement has beenscheduled for reconstruction after only 8 years.
The section of US 2 studied extends from Nahma Junction west 9.5 miles
(Fig. 1)« When the original roadway was reconstructed, some changes in
alignment were made and the grade was raised such that the minimum sub-
base thickness placed on the old pavement is 10 in. and the maximum is
42 in., In addition, the old shoulders were undercut to the bottom of the old
concrete pavement and the undercut area backfilled with subbase material.
The finished pavement consists of two 12-ft lanes and 9-ft shoulders. The
pavement consists of 280 1b/sq yd bituminous aggregate and a 10-in. thick
aggregate base, The shoulders consist of 170 1b bituminous aggregate and
a 6~in. aggregate base. A brief field study, based on pavement surface
distress features, foundation drainage properties, and the pavement's load
carrying capacity was conducted to identify the principal causes of early
cracking. Recommendations for correcting pavement deficiencies are in-
cluded in this report.

Field Test Procedures

A visual inspection of the pavement was conducted to identify pavement
surface distress features. This procedure, which is outlined in Ref. (1),
enables identification of the following causes of distress on the basis of the
crack forms present and their associated distress features:

1) Traffic load induced failure,

2) Asphalt durability deficiencies,

3) Nosn-~load related base and subbase deficiencies,
4) Subgrade deficiencies.

On completing the visual survey, 11 test sites were selected and tested
to determine the following information:

1) Rut depth,

2) Pavement layer thicknesses,

3) Depth to water table,

4) Base, subbase, and subgrade drainability using procedures outlined
in Ref. (2). '

The pavement was also load-tested to determine its structural capac-
ity. To do this, a one-mile long site was selected and pavement surface
deflection measurements were made using procedures outlined in Ref. (3).
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The stiffness of each pavement layer was determined on the basis of the
magnitude of the measured deflection. The pavement's ability to resist
alligator cracking and rutting was determined on the basis of its stiffness,
layer thickness, and durability of the bituminous concrete.

Test Results

The results of the visual survey found three basic crack forms present
and these indicate the following pavement deficiencies or problems:

1) Transverse cracks - A small to moderate number of transverse
cracks are present, indicating the bituminous concrete has low to moderate
temperature sensifivity, Therefore, the bituminous concrete generally
lacks durability, and will thus be subject to early fatigue cracking.

2) Alligator cracking in the vicinity of transverse and longitudinal
cracks and at the pavement's edge (Figs. 2 through 4) - Much of the pave-
ment is subject tothis distress form, indiecating the base layeris, for much
of the roadway, subject to volume change and loss of strength as a result
of frost action.

3) A band of alligator cracking occurring between the pavement cen-
terline and the inner wheelpath - The exact cause of this form of cracking
could not be definitely established, but it appears to be associated with the
area where the two base and subbase layers abut. A scenario of how-this
form of crackingis believed to have occurred is as follows. Because traf-
fic had to be maintained, this reconstruction was done one lane at a time.
Thus, when the new base and subbase layers were placed for the second
lane segment, complete consolidation of the longitudinal interface between
the base and subbase sections of the first and second lanes was difficult to
attain, This left a 'construction joint' area a foot or two to the side of the
centerline of the pavement surface and it is an area that is difficult to ade-
quately compact. Under traffic load, thisarea of the pavement was subject
to a small amount of additional consolidation, The differential movement
of the surface was enough to cause longitudinal cracks to form in areas of
greatest movement. The presence of longitudinal cracks, which admit
surface water, combined with the frost susceptible properties of the base,
cause scasonal base weakening to occur and resulted in localized alligator
cracking as shown in Figure 5.

Results of the site investigation are as follows:

1} Pavement layer thickness data are summarized in Table 1, These
data indicate that the bituminous concrete thickness averages 2-1/2 in. at
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the center of the lane and about 2-1/3 in. in the outer wheelpath; whereas,
no difference is normally found in unrutted pavements. Therefore, the
small difference indicates that the bituminous concrete is subject toa minor .
degree of rutting. The base thickness varied from site to site but no signi-
ficant differential base thickness was found. Subbase thickness varied
considerably due to variability of the grade lift over the original pavement.
Where a subgrade was found, the material was, in all cases, granular and
would permit vertical drainage.

2) Density and drainability are summarized in Table 2, These data
show that the base is moderately dense and essentially impervious. The
subbase layer, on the other hand, has good drainability and should be able
to drain fast epough so that it will avoid volume change on freezing and,
therefore, avoid loss of strength during thaw periods.

3) Rut depth measurements are summarized inTable 3, These results
indicate the inner wheelpaths are rutted slightly more than the outer wheel-
paths. This means the base is subject to weakening as a result of frost
action. Typically, the base increases in volume on freezing and thaw
causes lateral displacement as traffic recompacts the wheelpaths. Because
more base material accumulates between wheelpaths compared to the edge
of the pavement the depthof rutting in the outer wheelpaths is less than that
of the inner wheelpaths. This base characteristic, while affecting the per-
formance of the pavement, has no affect on its load carrying capacity.

4) Base and subbase gradations are summarized in Figures 6 through
16, These results show that the base material generally doesnot meet 22A
grading requirements but does meet all 20 series requirements. The sub~
base does meet all Class II grading requirements.

Results of the load study are summarized in Table 4, and the pavement
load capacity data are summarized in Table 5. The deflectiondata indicate
that the closer the original pavement is to the surface of the existing pave-
ment, the less the pavement deflects. The load capacity data indicate the
pavement is under-designed for the load it carries. A summary of bitu-
minous content and penetration data is presented in Table 8.

Discussion

The causes of early cracking and distress have been identified and are
presented in the following discussion:

Bituminous Concrete Layer - The number of transverse cracks pre-
sent indicates that the bituminous concrete varies with up to moderate
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temperature sensitivity. That is, its tensile strength is too low to resist
thermal shrinkage stresses developed in freezing weather, and thermal
cracking should increase with time. Because of its moderately low tensile
strength it will also be susceptible to early fatigue cracking, The thinning
of the bituminous concrete in the outer wheelpath compared to the center of
the lane indicates it has only a slight tendency to rut or thin-out near the
pavement edge.

TABLE 6
SUMMARY OF BITUMINOUS CONCRETE
PENETRATION AND BITUMEN CONTENT

Wearing Leveling Combined
Course Course Course
Std. Std., Std.
A- [ ] - A -
Original penetration 89.6 2.6 89.2 1.9 89.4 ——
Recovered penetration '
1. original 49,2 2.9 52.4 5.1 50,5 -—
2. present - _— - ——=  26.3 6.4
Bitumen content .
1. laboratory 6.2 0.2 4.9 0.4 Ba7  =mm
20 fiE].d 5.9 0.3 4:.8 O 2 505 ——
3. present - — - § e 5.6 0.7

Base Layer - The principal problem with the base is that most, but
not all, of it is subject to frost action. This means that where the base is
frost susceptible, freezing causes it to expand, and on thawing, it is un-
stableuntil traffic has completed recompaction. This base problem induces
alligator cracking, which first occurs along longitudinal and transverse
eracks, and the pavement edge where the supply of surface water, needed
for volume change, is most abundant. Alligator cracking between the pave-
ment centerline and inner wheelpath is construction related, as noted pre-
viously, and should not re-occur in a recycling of the bituminous concrete
provided the construction joint area is properly attended to during recon-
struction.

Subbase Layer - The subbase layer is adequately drainable and it should
have a positive influence on the pavement's long-term performance.




T.oad Capacity - The pavement is structurally too weak to carry the
present commercial traffic load assuminga 20-yeardesign life. According
to analysis, failure would occur in two years if the bituminous aggregate
were highly cracksusceptible and 14 years if it were non-crack susceptible.
Since the pavement's crack susceptibility ranges irom low to moderate, it
is estimated that alligator cracking in the wheelpaths, due to the applied
load, should begin when the pavement is about § to 10 years old.

Another load capacity problem is that the base has inadequate lateral
support during spring thaw periods due, principally, to infiltration of sur-
face water at the pavement/shoulder joint, This results in alligator crack-
ing of the pavement edge and, in more severe cases, short pothole-like
depressions are formed.

Recommendations

On the basis of the causes of early cracking and other distress forms
found, the following recommendations are offered.

1) Overlaying the existing pavement is not recommended since the
temperature sensitive nature of existing bituminous concrete and the sea-
sonally unstable base should prematurely reflect the existing pavement

condition. The time needed for reflective cracking to occur would be a
function of both the thickness and temperature sensitivity of,the overlay.

Because of stress concentrations at existing cracks, overlaying will result
in earlier cracking than would occur with new or recycled bituminous con-
crete of the same thickness.

2) It is recommended that the existing bituminous concrete be recycled
so that its temperature sensitivity can be corrected by blending with softer
bitumen. Thisshould require increasing recovered penetrations toapprox-
imately 100. Advantages of recycling are that less virgin materials are
needed which, by reduced demand, helps hold their cost down and con-
serves bitumen for future use.

3) It is recommended that the thickness of the bituminous concrete
layer be increased to 5 in. in order to have a design life of 20 or more
vears. The same design life should be possible with 4 in. of bituminous
concrete and full-depth shoulders.

4y 1t will be beneficial to reduce the base thickness, by as much as 4
to 6 in., in order to reduce the degree of frost heave the reconstructed
pavement is subjected to. Therefore, the existing base could be reduced
in thickness to supply aggregate for other purposes and yet leave an ade-
quate construction platform.

-10 -




5) The in-place base material meets 20 series grading requirements.
Therefore, in any scheme to recycle the existing bituminous concrete, the
base could be used as the source of aggregate for virgin bituminous ma-
terial.

6) Any rehabilitation scheme should consider full-depth shoulders to
improve base confinement and to prevent surface water infiltration at the
pavement/shoulder interface. In this respect, specifications should require
there be no construction joints between the outside edge of shoulder and the
pavement centerline. Otheradvantages of full-depth shoulders are that they
reduce shoulder maintenance costs and facilitate future life cycle renewal.

-11 -
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Figure 15. Base and subbase gradation at Site 14, Station 788+00.
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Figure 16, Base and subbase gradation at Site 15, Station 827+00.
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