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The information contained in this report was compiled exclusively for the use
of the Michigan Depaxtment of Transportation. Recommendations contained
herein are based upon the research data obtained and the expertise of the re-
gearchers, 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. :



The I 275 freeway extends from I 75 inthe south toits northern termi-
nus at the I 696 interchange—a distance of approximately 39 miles. About
nine miles south of I 696 it is joined by I 96 and this portion of the freeway
is designated I 96/1 275. The general location and alignment of the freeway
are shown in Figure 1, which also shows that the construction entailed 13
different construction projects. For the sake of simplicity, each project
has been assigned a code number that will be used throughout this report
whenever reference is made to a specific project. As can be noted, the
code numbers range from 1 through 13 and are assigned consecutively from
south to north.

The pavement is continuously reinforced concrete, 9 in. thick. The
roadways on the I 96/1 275 portion are made up of four 12-ft lanes; where-
as, on the remaining sectionthey consist of three 12-ft lanes. The amount
of steel reinforcement in the longitudinal direction is 0.7 percent on all
projects. Transverse reinforcement was used on Projects 1, 2, and 9
through 13, but not on Projects 3 through 8. The pavement was placed on
a foundation consisting of a 10~-in. subbase layerof granular material over-
Jaid with 4 in. of dense graded aggregate except on Project 1 where 14 in.
of granular material was used instead of the two-layer combination used on
the other projects. The pavement on Projects 1, 2, 10, 11, and 13 was
placed in 1974 and on the remaining projects in 1976. The pavement from
I 75 to Telegraph Rd (Project 1) was opened to traffic in November 1975,
from Telegraph Rd to M 153 (Projects 2 through 9) in January 1977, and
from M 153 to I 696 (Projects 10 through 13) in July 1975.

Longitudinal cracking was discovered during routine pavement surveys
conducted in 1977. As a result, special surveys were made during May
1978 and again in March 1979. In addition, punch-out failures-—small
sections of concrete which are 'punched' into the base or broken apart by
traffic—were found on three projects. Table 1 lists the percent of longi-
tudinal cracking on each project for both the 1978 and 1979 surveys and the
number of punch-out failures found in each survey.

The rather large increases in the amount of longitudinal cracking on
some projects from 1978 to 1979 isbelieved to be due largely tothe differ-
ent survey procedure used. In 1978, the pavement was surveyed only from
the trafficlane shoulder, and apparently cracks in the third or fourth lanes
were not visible from that distance. In 1979, the survey was conducted
from both shoulders and thus more accurate with respect to cracks in the
inside lane or lanes. With respect to punch-out failures, another survey
was conducted on May 31, 1979, with the results showing a total of 30 loca~
tions with this type of problem. Although the number of punch-out failures
had increased sincethe March survey, they were still confined to Projects
4, 5, and 8.
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Figure 1. General location and alignment of T 275 and I 96/1 275 freeway. Mileage, coniract

numbers, and code numbers are also shown.
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Because of the unusually large amount of longitudinal cracking occur-
ring on some projects, soil samples were taken from two locations in De-
cember 1978 and from five areas in March 1979 in anattempt to determine
the causes of the cracking. Tests on these samples indicated that the soil
foundation could be a factorin the causes leadingto the formation of cracks.
A more extensive investigation was proposed by the Testing and Research
Division in May 1978 and was approved by the Department's Engineering
Operations Committee atits June 6, 1979 meeting. This is a report of that
investigation.

Scope

Since the nature of the cracking appearsto be the same on all projects,
and because of lower traffic volumes south of T 94, only the six most south-
ern projects were selected for investigation. Because more cracking is
occurring on the southbound roadway, and to further limit the test area,
only this roadway was studied. Also, to ensure minimum interference with
traffic, only the traffic lane (outside lane) was tested.

The selected test area, excluding bridges and standard pavement, con-
tains 68,550 ft of three-lane pavement. This lengthof pavement was divid-
edintc 44 test sections, each 1, 500 ft longand one sample site was selected
1,000 ft into each section. This constitutes a systematic sampling plan
with a randomly selected starting point. In addition, eight sample sites
were selected in cracked areas to obtain more data on distressed sections.

Each sample site was arbitrarily defined as representingan area three
lanes wideand 200 ft long. The sample sites were divided into cracked and
uncracked sites depending on whether or not there were any longitudinal
cracks within the site area. On the basis of this division, there were 24
cracked and 28 uncracked sites.

The investigation deals with the performance of the concrete and the
foundation, a review of the construction materials, and a discussion of _
crack locations. In addition, the lengths of cracks inselected test sections
were measured so that future measurements can be made to determine
whether the cracks are continuing to propagate. Moreover, a small-scale
crack sealing study was made to determine the feasibility of sealing the
longitudinal cracks.

Crack Tocations

The crack locations with respect to project numbers and lanes, as of
March 1979, are shown in Figure 2 for the six projects on the southbound




roadway which were selected for this investigation. As can be seen in the
figure, Projects 1and 3 are free of cracks, buf the remaining four projects
all contain longitudinal cracking in varying amounts,
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Figure 2. Percent of lane with longitudinal cracks on
Projects 1 through 6 as of March 1979. ‘

The lane with the most cracks is the outside (traffic) lane, ranging
from 1.5 percent cn Project 2 to 20.6 percent on Project 5. The inside
lane on three projects is cracked more than the cenier lane; whereas, on
Project 4 the reverse is true. Since most trucks travel the outside lane,
traffic loads are suspected to be one of the factors contributing fo the for-
mation or propagation of longitudinal cracks.

Although the exact locations of cracks within a lane were nol measured,
most of them are located in the middle 8-ft portion of the 12-ft lanes. A
number of cracks originate and end at the same lane edge, but the majority
parallel the pavement edge. Some cracking zig-zags the sawed longitudinal
lane joint, notably on Project 13 where 65 percent of the cracking in the
southbound roadway is of this type. These zig-zag cracks are normally
caused by late sawing, or lcads on the slab before sawing the longitudinal
joint. Where tie bars and transverse steel are used, theyhold these cracks
together; thus the cracks have only minimal effect on the pavement's per-
formance.
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As canbe noted in Figure 2, most cracking is located in projects with-
out transverse steel, with the exception of Project 3 where no cracking has
occurred. Interms of percentage, the pavement without transverse steel
has cracked for a total of 2.7 percent of its equivalent lane length. The
pavement with transverse reinforcement contains cracks totaling 0.3 per-
cent of its equivalent lane length. Although the absence of transverse steel
should not cause longitudinal cracking, its use will hold existing cracks
tightly together, thus minimizingthe progressive distress that is associated
with cracked unreinforced concrete pavement.

The effect of the roadway alignment on cracking is shown in Figure 3.
The graphat the left illustrates that for Projects 4, 5, and 6, the low sides
of superelevated sections contain more than three times as much cracking
as the tangent sections and the high sides of superelevated sections. The
graph at the right shows that the same pattern is true for all the three-lane
pavement on southbound 1 275, except that there is about eight times as
much cracking on the low sides of the superelevated sections as compared
to the other alignment types. It should also be noted that the increase in
amount of cracking has been much higher on the low sides of the super-
elevated sections than on tangent sections or on the high sides of super-
elevated sections. While this phenomenon is most dramatic for the traffic
lane (Fig. 3), it is also true for the inside (median) lane (Fig. 4). The
center lane, which cannot be classified as to high or low, nevertheless
shows slightly more cracking on curves as opposed to tangents. These ob-
servations on the correlation of cracking with superelevation hold for both
the percent longitudinal length cracked as well as for the number of new
cracks occurring each year.

One difference between a tangent and superelevated section is the sur-

face drainage, and in some casesthe drainage path, in the base and subbase
layers. In superelevated sectiong, the surface water runs across all lanes

to the low side; whereas, on tangent sections the crown point is 24 ft from
the traffic lane edge. On some curves the subgrade is designed to slope
from one lane edge to the ditch bottom at the opposite side which increases
the drainage length by 12 ft. It is suspected that the increased drainage
path and the additional surface water available for enteringthe bases through
the shoulder joint may be one of the reasons why more cracking occurs on
the low side of superelevated sections.

Sampling

At each of the 52 sample sites, two 6-in. diameter cores were taken
through the concrete slabat the center of the traffic lane. The longitudinal




distance between the cores was dependent upon the transverse crack spac-
ing, but normally ranged from 6 to 10 ft. The concrete cores were saved
for laboratory tests.

Disturbed samples of the base and subbase and of the subgrade, to a
maximum depth of 5 ff, were taken through one core hole and the thickness
of the base and subbase layer was measured. Additional disturbed base
material was collected through the second corehole prior todriving a 3-in.
diameter by 36-in. Iong Shelby tube through the subbase and into the sub-
grade to obtain undisturbed samples of these materials. Shelby tube sam-
ples were also taken from the side slope when field conditions indicated
they were needed to determine subbase drainability. Hand-auger borings
were made on the slopes to determine subbase thickness and depth to the
subgrade. The cross-sectional surface profile of the roadway from ditch
line to ditch line was established at each sample site so that in conjunction
with measured layer thicknesses, the ‘as-built' cross-section dimensions
would be available for drainability calculations.

Construction Materials

Records of materials used to construct the roadway section selected
for investigation of longifudinal cracking were reviewed tc determine if
particular materials could possibly be identified as a cause of the distress.

The granular material used forthe subbase came from several borrow
pits located near the projects. On Project 1, 14 in. of granulay material,
placed in two 7-in. lifts, was authorized in lieu of separate subbase and
base layers. Approximately half the length of Project 2 was built with sub-
base material from Willow Pitand the material for the other half was from
a pit in Monroe County. The base for Project 2 was a limestone material
from France Stone Pit. ’

The subbase for Project 3 was all from Willow Pit and the slag base
was from E. C. Levy's Plant No. 3. For Project 4, the subbase came
from a borrow pit on Willis Rd and the base from E. C. Levy's Plant No.
5. Two pits (Willow and Farrantino) were the sources of the subbase on
Project 5, and the base source was E. C. Levy's Plant No. 3. The slag
bage materialused in Projects 3, 4, and 5 was of the basic oxygen furnace
type. Project 6 was built withsubbase from the Willow and Zayty Pits and
from Wayne County sanitary landfill, and the base consists of natural ag-
gregate from Dixon Pit.

The cement usedon all projects was Type 1A. Four brands of cement
were used: Dundee on parts of Project 1 and all of Project 2; Peerless on




Projects 3 and 4; Medusa on Project 5; and Wyandotte on Project 6 and on
parts of Project 1. Blast furnace slag coarse aggregate was used in the
concrete for all six projects.

Except fora 2,600 sq yd area on Project 1, where a regular pavement
grade concrete (8ix sack cement per cu yd mix and a 28-day strength of
3,500 psi in compression), a modified grade conerete was used on the en-
tire southbound roadway portion of Projects 1 through 6. The modification
consisted of using 5.6 sack cement per cu ydand adding a water reducer to
the mix. The compressive strength design factor remained at 3,500 psi in
28 days. Tests oncores taken through the pavement indicate the slab thick-
ness, steel depth, compressive strength, and seven-day modulus of rupture
strength all met specification requirements.

On the basis of the material records review, there is noindication that
a certain material is more likely to cause cracking than any cther one.
The effect on the performance of the concrete and the foundation, based on
tests of samples from the existing roadway, will be discussed later in this
report. :

Pavement

The concrete cores removed from the pavement during the sampling
work were tested in the laboratory to measure current strength levels. Of
the two cores takenat each of the 52 sample sites, one was tested in com-
pression and one in lateral shear at the level of the steel. Compression
tests were in accordance with ASTM C42, where shear tests followed a
Departmental procedure consisting of elamping the core on its side in a
steel cradle and shearing off the top portion of the core through a similar
steel cradle on the upper side of the core. The results of tests on the 104
cores are given in Table 2.

These datawere analyzed and it was found that there was no significant
correlation between cracking and either shear or compressive strength.
There were only two compression tests out of 52 which were below 3,500
psi and this consisted of one each from Projects 4 and 6.

The average compressive strengths of cores from uncracked areas of
Projects 4, 5, and 6 were 5,190, 4,610, and 4,730 psi, respectively, as
compared to averages of 4,640, 4,800, and 4,670 psi for cracked areas.
Similar shear strength averages foruncracked areas of Projects 4, 5, and
6 were 600, 610, and 775 psi, respectively, as compared to averages of
665, 660, and 685 psi for cracked areas.




The results of these tests on the 104 cores shown in Table 2 indicate
an acceptable level of compressive and shear strength for all six projects
sampled. Also, there doesnot appearto bean inherent weakness in crack-
ed areas as compared to noncracked areas. The average pavement thick-
ness and depth of steel are acceptable for all six projects cored, with the
exception of the steel ag measured on the four cores of Project 1 which
were less than optimum.

TABLE 2
SUMMARY OF CONCRETE CORE TESTS
Pavement . i ; . Compressive
Project Thickness, in. Steel Depth, in. Shear Strength, psi Strength, psi
No.
High | Low | Ave |High | Low | Avg | N0 Of | uigh | Low | ave [N | migh | row | Ave
Cores Cores
[ 0.1 8.8 9.5 4.5 3.0 3.7 9 9265 530 745 9 5,720 3,200 4,710
5 9.5 8.6 9.2 4.9 3.0 3.9 14 825 460 660 14 5,800 4,110 4,780
4 9.5 8.8 %.1 4.8 2.5 3.9 12 760 520 635 12 5,700 3,460 4,870
3 9.6 9.0 9.3 4.3 3.8 3.9 8 895 445 675 g 5,670 4,790 5,110
2 9.5 8.9 9.2 4.2 3.1 3.6 9 914 700 V3 9 6,410 5,170 5,670
1 9.6 9.0 &2 2.5 1.8 2.0 2 790 770 780 3 5,340 4,930 5,140
Toundation

The laboratory tests conducted on the foundation samples included de-
termination of gradation, Atterberg Limits, AASHTO clagsification, speci-
fic gravity, layerthickness, density, moisture content, permeability, frost
susceptibility, and drainability for those layers where each test was perti-
nent.

Because of time restrictions and limited test equipment available, it
wag decided early in the test program to complete tests on samples from a
project with a large amount of cracking and from one with little cracking,
in order to possibly establish the cause of the difference in their perfor-
mance. Projects 3 and 5, with 0 and 20.5 percent cracking in the outside
lane, respectively, were selected for inmitial testing. Although tests on
samples from the other projects are still in progress, it is anticipated that
conclusions reached, on the basis of the data from Projects 3 and 5, will
not be changed. Test data are summarized in Tables 3, 4, and 5 for the
subgrade, subbase, and aggregate base, respectively.

-10 -




For 19 of the 20 sites, enough test data were available for statistical
examination in the form of stepwise multiple regression of some test and
environmental variables. The following variables were examined for their
linear impact on longitudinal eracking accumulated by 1979 within each 200-
ft site: :

1) Tangent-nontangent sections,

2) High-low portion of superelevation sections,

3) Percent saturation of subbage,

4) Permeability of subbase,

5) Time between subgrade completion and concrete pour,
6) Time between base completicn and concrete pour.

Low portion of superelevation was the only significant (0.10) variable se-
lected bythe stepwise procedure. The raw correlation of this variable with
crackingwas 0.71. None of the other variablestaken singly or in combina-
tion could improve this enough to suggest their consideration as causal fac-
tors. Although the number of samples was low (19), it is not expected that
additional samples will substantially alter these findings.

As mentionedearlier in the report, it was concluded that, on the basis
of core strengths, the concrete was not a factor in the formation of longi-
tudinal cracks. Although the statistical analysis failed toreveal any corre-
lation between the foundation variables examined and cracking, it is evident
the mechanisms causing cracking must lie in the pavement support layers.
On the basis of examination of the test data, coupled with observations in
the field during sampling, the following discussion will attempt to establish
the role of each support layer in the sequence of events leading to the for-
mation of cracks.

Subgrade - A summary of the subgrade test data is given in Table 3.
As the data show, the subgrade on Project 3 is classified as A-6; whereas,
on Project 5 it consists of three clagsifications: A-2-4, A-4, and A-6. The
A-2-4 soilis basically a. fine sand and generally provides a. stable subgrade.
The A-4and A-6 soils are predominantly clayey silt materials and both are
commonly used for fills. They both perform well when moisture contents
are low.

During sampling it was noted that the clayey subgrade material was
very firm, dense, and relatively dry. This was also the case at two bor-
ings made to a depth of 8 ft during an earlier cursory study. As can be
seen inthe table, the in-situ moisture contents were below the plastic limit
of the soil which indicatea very stable subgrade material, behaving essen-
tially as an elastic material. Being well compacted and in an elastic con-
dition to a considerable depth, the subgrade should not be a factor in the
formation of longitudinal cracks.

- 11 -




TABLE 3
SUMMARY OF SUBGRADE DATA

Station | Sample | Liquid | Plasticity | Plastic | Moisture | -200 AASHTO
No. | Site No.| Limit| Index | Limit | Comtent, | Material, | . 0 otion
percent percent
-
g48+00 10 - N.P, - - 38,0 A-d
833+00 11 — N, P, — _— 19.3 A-2-4
818400 12 — N.P. — - 17,0 A-2-4
L | storo0  12a 24 10 14 11,7 68, 0 A-d
> | so3+00 13 24 10 14 10,0 72,0 A-4
S | 787+00 14 27 11 16 13.1 68.0 A-6
5 | 783100 14a 26 11 15 2.1 68, 0 A
S | 718400  14b 26 11 15 12,6 65, 0 A6
2 | 773+00 15 27 12 15 12.2 71,0 A-8
| re2400 15a 25 11 14 11,8 87,0 A-6
768+00 16 26 12 14 11,1 69,0 A-6
736+00 17 24 10 14 9.2 64,0 A4
721+00 18 30 13 17 14,9 84,0 A6
L 704400 19 26 12 14 12,9 78,0 A-6
[ o | 526400 31 27 13 14 10,4 70,0 A6
5 | s01r00 32 30 14 16 12,1 72,0 A-6
Z | 486+00 33 40 20 20 16.8 78,0 A6
§ 467400 34 29 13 15 . 11,7 67.0 A-6
o | 462400 35 35 16 19 16,2 87.0 A-6
& | 439400 36 39 19 20 17,4 88.0 A6
L

Subbase - One of the purposes of the subbase layer is to provide ade-
quate drainage of water entering the foundation through joints and eracks in
the surface. While many factors influence the amount of water a subbase
layer can drain, it is obvious that the more open-graded the material, the
better drainage it provides. TFurther, the exposed surface of the subbase
on the side slopes must be kept open to prevent blockage of the drainage
outlet,

The test dataon the subbase have been summarizedin Table 4. As can
be noted, the amount of -200 material contained in the subbase samples
varied considerably-—ranging from 2.6 percent at Site 18 to 22.1 at Site 32.
Generally, the more fines a porous material contains the more dense it
will be, which reduces its abilityto drain. This maybenoted by comparing

the 200 material content with the permeability values given in the table.
In general, the higherthe fines the lower the permeability values. Although

the permeabilifyvalues are low compared to values ranging from 800 to
1,000 ff per day, which are considered essential for effective drainage,
they are within the range of 1 to 80 ft per day which is normal for many
subbase materials commonly used.
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The subbaseat 12 of the 20 gites was found to be over 90 percent satu-
rated with the remaining sites having moisture contents in the 80 percent
range. This is not unusual for sands, but it indicates that they have high
capillary potential and do not gravity drain very effectively.

Another drainage problem discovered during soil sampling was that
from the edge of the shoulder to the toe of the subbase, drainage is usually
restricted because layers of poor draining materials have been incorporated
in the subbase beyond the shoulders, and the side slopes have been covered
with topsoil and clay. 1In such cases, the subbase cannot provide positive
drainage, tending instead to trap water under the pavement. On the bagis
of field observations and permeability tests on subbase material from the
slopes, it was determined (see table) that only three sites had unrestricted
drainage, eight sites were restricted on one side, and nine were restricted
on both sides.

The frost susceptibility test values range from 0 to 0.53 mm per day.
These data show that the subbase isnot frost susceptible in the usual sense,
but it cannot remove water fast enough toavoid the intrusicn and holding of
surface water which, upon freezing, could cause heaving equal to about 10
percent of its thickness, due to the expansion of water during freezing.

It is evident that the subbase is not performing as intended. Although
the permeability values are in the range found for many sands, pore sizes
are such that it cannot gravity drain very well and the drainage outlet at the
side slopes is restricted due to contamination and construetion methods.
1t is believed that the availability of water in the subbase is part of the rea-
son longitudinal cracking has developed. First, it provides water for for-
mation of ice lenses in the base during freezing. Further, its meisture
content may vary in accordance with variations in pore sizes which could
cause differential heave whenthe subbase freezes. Since more water must
be drained at the low side of the superelevated sections, it is plausible that
in these areas the moisture problem is most severe and causes the more
severe crackingat sample sites onthe low side of the superelevated section
(see table). Although not shown by the test data, it is generally accepted
that loss of support occurs during, and for a period of time afier, thawing
which certainly would aggravate the crack problem.

Base - The baseis a drainage layer and is intended for rapidly drain-
ing surface water away from the slab and intothe subbase. Thus, it essen-
tially is a vertical drain; whereas, the sand is a horizontal drain. As can

be noted in Table 5, which is a summary of base test data, all samples
tested except one, were found to be impervious, that is, the permeability
is less than 1 ft per day.
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TABLE 5
SUMMARY OF BASE DATA

Sample | Thickness, _209 Fr(_)sf.: . Permeability,
Site No. . Material, { Susceptibility, ft/day
percent mm/day
-
10 4.00 5.6 2.38 Not Tested
11 3.75 5.5 2.15 Not Tested
12 4,00 5.6 1.92 Impervious
12a 4. 50 6.5 3.06 Impervious
w 13 4.35- 5.0 1.07 Not Tested
o 14 4.25 4.6 1.69 Impervious
E 14a 4.25 6.4 1.99 Impervious
3 14b 4. 00 6.2 1.59 Impervious
g 15 3.75 5.2 1.19 Impervious
Ay i5a 3.75 7.9 2.03 Impervious
16 3.50 5.7 1.06 Erroneous Test Result
17 4.50 2.6 2.04 1.8
18 4.00 5.4 2.25 Impervious
19 6.20 3.7 1.82 Impervious
. 31 4.00 8.8 3.28 Impervious
8 32 3.25 i¢.2 3.40 Impervious
=4 33 3.50 9.3 4.07 Impervious
g 34 3,75 9.0 2.18 Impervious
Iy 35 3.75 8.2 2.70 Impervious
k é{l 36 4.00 4.7 2.54 Imperviocus

Frost susceptibility data (Table 5) show arange from1. 06 to 4.07 mm
per day. Frost heave values from 1 to 2 and from 2 to 4 mm per day are
classified as low and moderate, respectively. On that basis, 12 sites had
moderate and 8 had low frost heave potential. It should be noted that all
samples from Project 3were inthe moderate group. Frost heave measure-
ments taken during the earlier studies indicated that the pavement is sub-
ject todifferential frost heaving, especiallyat the pavement-shoulder joint.

Although field observations indicated the base to be dense, the -200
material contained in the test samples was in the normal range for base
materials. Its pore size is typical to that of silt which gives it high capil-
lary potential.

The base conditions found during this study indicate that the base is a
factor in the causes of longitudinal cracking. It certainly is a very poor
drainage layer and it is frost susceptible. Water drawn into the base dur-

ing freezing causes ice lenses to form. Since it is very likely there is a

difference in the quantity of water available to cause frost heave, differen-
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tial frost heave will result. Differential frost heave along the pavement-
shoulder joint may occur as a result of additicnal moisture in the form of
saltwater available during de-icing periods, which may account for the
cracking in the outside lanes. The large amount of cracking found on the
low side of curves may also result from differential heave since more salt-
water and water, in general, is available at these locations. Unequal sup-
port conditions during thawing is thought to cause cracking in the center
lane and could alsoaccount for some cracking in the outside lanes. During
thawing, the base is in an ideal condition for pumping fines which may be
the cause of faulting beginning to develop at some of the wider cracks.
Pumping may also be a factor in the formation of punch-outs.

Crack Propagation

In order todetermine if existing cracks continue to increase in length,
cracks in 16 of the 44 test sections were selected and measured while the
lane was closed for sampling work. Since future measurements will be
done under traffic along the shoulder edge, cracks in test sections located
in ramp areas were not selected because of the hazard invelved in making
future measurements in these areas. Only cracks in the traffic (outside)
lane were included. Cracks terminating at the shoulder or at the interior
lane joint were not considered for measurements.

A total of 26 cracks were measured—iwo each in 10 test sections and
one in each of the remaining test sections. With respect to the projects,
four cracks are located in Project 6, twelve in Project 5, nine in Project
4, and one in Project 2. The cracks are identified by reference to the
stencilled station numbers along the pavement edge. To ensure that the
selected cracks have space intowhich they can propagate, the length of un-
cracked slab at each crack end was measured except where the distance to
the next crack was more than 100 ft in which case this fact was merely
noted. Although it was proposed to measure the crack lengths quarterly,
it is suggested that measurements be made only in the fall and springof
each year. '

Crack Sealing

Since excessive water in the base and subbase is detrimental to pave-
ment performance, sealing the longitudinal cracks to minimize the intrusion
of surface water would be advisable. Therefore, a study is being conducted
to monitor the horizontal and vertical movement of several cracks to de-
velop sealing procedures and to evaluate several sealants.
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A 1,500-ft section of southbound I 275 in Project 4 was selected for the
study. This sectionhas 12 cracks in the traffic lane with a combined length
of about 1,000 ft. The testarea islocated between Sta. 623+00 and 637+50.
The eracks vary from hairline to 1/4 in. in width with some of the wider
ones beginning to develop faulting and spalling.

One to three sets of measuring plugs were set at each crack to monitor
any movement. Initial measurements were takento determine the horizon-
tal distance betweenthe two plugs ineach set and to determine the vertical
relationship between the two plugs. These measurements will be repeated
this fall, winter, andspring to determine the movement at each crack in
the test section. The length of each crack was also measured to monitor
any increase in length that may occur.

An inspection of the cracks and a review of the available sealing ma-
terials indicated that a groove or reservoir would have to be formed along
the crack to receive any of the sealants. Two methods were used to form
the groove. The first method was close-range sandblasting with a 3/16-in.
diameter nozzle. This method works quite well on the narrower cracks in
conjunction with a full-depth sealant where the groove acts onlyas a reser-
voir to channel the sealant info the crack. However, it was found to be
difficult to maintain a uniform depth. This problem might be reduced by
mounting the sandblast nozzle on a wheeled cart. Another problem is, of
course, removal of the sand from the roadway.

The second method was the use of a commercially available crack cut-
ter or router. This was a MacDonald 'Crack Chaser,! Model GC1, made
by the MacDonald Air Tool Corp. of South Hackensack, New Jersey. It is
simply a wheel-mounted pneumatic hammer equipped with a face and side
cutting bit. After some experimentation with the cufting capability of the
router it was decided that a 1/2-in. wide by 1/2 to 3/4-in. deep groove
would bethe most practical size to use. This size groove was cut at a rate
of about 120 ff per hour. The groove was quite uniform in width and depth
andwould be satisfactory for surface sealants but not for full-depth sealants
because the crushed concrete was forced into the narrower cracks and
could not be removed by either sandblasting or compressed air.

Since the amount of movement at the cracks is unknown, several seal-
ants of two general types (shallow and full-depth) were selected for test
installations. Light gray polyurethane, polysulfide, and silicone were used
as shallow or surface sealants intended to seal only the top 1/2 to 3/4 in.
of the crack. Flexible polyesters were used as full-depth sealants. A
summary of the sealants installed is given in T'able 6.

It is anticipated that after exposure to traffic and weathering for one
winter, recommendations concerning sealing of the cracks can be made.
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Conclusions

On the basis of field observations and test data obtained during this in-
vestigation, it is concluded that the concrete and subgrade are not factors
confributing to the formation of longitudinal cracks. Although the exact
mechanism responsible for cracking was not determined, it is concluded
that the primary causes are attributed to poorly drained bases and sub-
bases, blocked drainage paths, and frost susceptible bases. This condition
results in excessive pressure on the slab due to freezing or a subsequent
reduction inbase support, or both, which induces large stressesin the slab
when subjected to traffic loads. Since the steel reinforcement in a conti-
nuously reinforced pavement is constantly under a high tensile stress, there
is considerably more tendency for the pavement to span reduced support
areas in thebase andact as a 'bridge' rather than a pavement with uniform
support. As a consequence, the performance of continuously reinforced
pavement is extremely sensitive to foundation characteristics.

The investigation failed toestablish any reason why Project 3 is with-
out cracks. However, it should be noted that relatively long crack-free
sections exist on other projects also. Apparently, the many variables re-
quired to cause cracking are present in the right combination at only cer-
tain localized areas. Once a crack has formed and additional moisture
enters the bases, the conditions change and the crack may propagate or a
new one form in the. near vicinity.

Recommendations

1. Drains should be placed under the pavement-shoulder joint in order
to intercept surface water and to collect lateral draining subbase water.
Tentatively, it is recommended that drains be placed on Projects 4 and 5
and on the northbound roadway of Project 8. It is suggested that details
concerning drain design and placement be determined in cooperation with
the Design Division.

2. Subject to the evaluation results of the cursory sealing study, it is
suggested that the longitudinal cracks be sealed.

3. Punch-out areas should continue to be maintained using bituminous
material until drain and crack sealing work is scheduled. At such time,

concrete repairs should be made at severe punch-out locations.

4. With respect to future construction, it is suggested that the use of
more open-graded materials in the base and subbase be considered. Also,
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the use of edge drains should be considered to more effectively drain the
bases. In addition, action should be taken to ensure unblocked subbase
drainage ouilets.

Additional Study

It is suggested that a study be initiated to determine if voids occur at
the longitudinal cracks and at the pavement-shoulder joint, and to explore

the possibility of undersealing to prevent or minimize the void formation
should it be found that a problem exists.

Also, elevation measurements would be taken at scheduled intervals
and at selected locations to determine slab movement due to frost action.
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