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PRETFACE

This interim report represents a study of the behavioral characteris-
tics of an experimental continuously reinforced concrete pavement during
its first ten years of life. The characteristics studied include absolute
pavement displacement, crack férmation, surface crack width variation,
reinforcement stresses, surface roughness, and reinforcement corrosion.
Also included are the load deflection behavior after one year and4-1/2 years
of service, air temperature variation, and traffic volume to which the pave-
ment was subjected, as well ag a discussion of the causes and repair pro-
cedures developed for failures which occurred during this period. Initial
costs of this and other continuously reinforced pavements built during the
past ten years are compared with standard jointed pavement costs during
the same Iieriod and in the same construction zones.

Since this study is continuing, and further observations of the pavement
as well as other continuously reinforced pavements are planned, especially
in the areas of progressive pavement growth and reinforcement corrosion,
no final conclusions and recommendations are presented at this time.
Trends, results, and observations for the individual characteristics stud-
ied are presented in respective chapters in this report.



INTRODUCTION

In 1958 the Michigan Department of State Highways, with the approval
of the Federal Highway Administration, constructed an experimental con-
tinuously reinforced concrete pavement for the purpose of studying its per-
formance and cost as compared with Michigan's conventional concrete pave-
ment. Anearlier reportcovered thedesign, construction, instrumentation,
and scope of study, in some detail (1). A summary of pertinent portions
of this report is presented here for the reader's convenience.

The experimental pavement ig part of Interstate 96, located between
Portland Rd and M 66 approximately 23 miles northwest of Lansing. It
consists of a 4, 14-mile portion of the westbound roadway and a 6. 09-mile
length of the eastbound roadway.

"The westbound roadway is continuously reinforced throughout the length
of the project with plain welded wire mesh inthe eastern 10,331 ft and de-
formed bar mat in the remaining 10,530 ft of the western end. On the east-
bound roadway the eastern 10,550 ft is reinforced with deformed bar mat
and the western 10,557 ft contains plain welded wire mesh. The center
portion of the eastbound roadway (3,804 ft) is standard reinforced pave-
ment. A 493-ft standard reinforced relief section is located at each end
of the continuously reinforced sections. -

The deformed bar mats were 6 ft 2 in, wide and 16 ft long with 11 No., 5
bars inthe longitudinal direction and 7 No. 3 bars in the transverse direc-
tion. The longitudinal bars were spaced 6 in. center to center. The first
transverse bar was placed 1 £t 1 in, from the mat ends, the second bar at
ecach end was spaced on 2 ft 5-in. centers and the remaining three bars
spaced at 2 ft 8 in. center to center. Mats of the plain welded wire fabric
were 11 ft 6 in. wide and 12 ft long. The longitudinal reinforcement con-
sisted of 46 No. 5/0 gage wires, spaced 3 in. on centers, except for three
spaces in the center being 4 in. In the transverse direction, 12 No. 1 gage
wires were spaced 12 in. on centers. The standard reinforcement mat size
was 11 ft 6 in, wide and 10 ft long. In the longitudinal direction 24 No. 2/0
gage wires were spaced on 6-in, centers and, transversely, 10 No. 4 gage
wires  were spaced on 12-in., centers. The steel percentage provided by
each type of reinforcement was 0.59, 0.60, and 0. 16 for the deformed bar
mats, plain welded wire mesh, and the standard mesh, respectively. The
physical properties of the reinforcement, as determined from tests on rep-
resentative samples of the longitudinal members, are given in Table 1.



Each roadway pavement is 24 ft wide, divided into two 12-ft lanes by a
1/8 in. wide by 2-in. deep sawed centerline joint. Lane ties consisted of
No. 4 deformed bars, 30 in. long and spaced at 40 in. All continuously
reinforced sections are of 8-in. uniform thickness whereas the standard
. pavement sectionand the six relief sections are of 9-in. uniform thickness.

Construction joints inthe continuously reinforced sections, in addition
tothe pavement reinforcement, contained 1»-1/4-in, diameter steel dowels,
18 in. long, spaced on 12-in. centers. Load transfer at contraction joints
in the standard pavement and at expansion joints in the relief sections was
provided by installing steel dowels of the same size and spacing as used in
the construction joints. Contraction joint spacing inthe conventional pave-
ment section is 99 ft. Each relief section consists of 11 1-in. expangion
joints spaced alternately at 56 ft 3 in. and 42 {t 4 in.

TABLE 1
STEEL REINFORCEMENT PROPERTIES
Pr ties Bar I\D;inn Standard
operties Mat re Mesh
» Mesh
Yield Strength, * psi 77,000 78,000 72,000

Ultimate Strength, psi 140,000 . 84,000 81,000
Breaking Strength, psi 127,000 56,000 54,000
Mod. of Elasticity, psi 30 x 10% 30 x10° 29 x 10®
Elongation, % (2"G. L.) 16 12.8 10
Average Diameter, in. 0.509 0.434 0.334

* Based on 0.2 percent offset

Paving operations began September 22, 1958 and were completed
October 20, 1958, The concrete was poured in two lifts, the first being
struck off 3 in. below the pavement surface with the reinforcement placed
on top. The bar mats were lapped 13 in., with the ends of the longitudinal
bars placed against the last transverse bar of the preceding mat. The plain
welded wire mesh was lapped 12 in., so that the first transverse wire of
the mat being laid rested behind the last transverse wire of the preceding
mat. After the reinforcement was in position, the second lift was poured
and the concrete consolidated and finished in the normal manner required
for standard pavement.

The concrete mix for the project was' designed for a constant cement
content of 5-1/2 sacks per cu yd. Based on tests at'the time of construc-
tion, the concrete had an average air content of 5.4 percent and an average



slump of 2 in. ‘Tests on sample beams, taken at approximately 600-ft
intervals throughout the projects, showed an average modulus-of-rupture
value of 590 and 760 psi at 7 and 28 days, respectively.

The entire paveinent was placed on a 12-in. granular subbase over-
lying, in general, a Type A-4 clay subgrade. '

TEMPERATURE VARIATIONS

The average air temperature for the time period (approximately 2-1/2
hr) required to conduct each quarterly performance survey is plotted in
TFigure 1. Yearly extreme high-low temperatures obtained from a U. S.
Weather Bureau Station located about three miles north of the project are
also shown in Figure 1. Based on the Weather Bureau data, the pavement
has been subjected to annual temperature range variationg from 105 F in
1960 to 122 F in 1963.
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Figure 1. Average air temperatures for survey period and yearly
extreme temperatures.



From the temperature plot it may be noted that the temperatures at
which summer and winter measurements were taken varied from the ex-
tremes. For summer measurements the average variation was 14 F, with
the range of variation being 5 F in 1959 to 23 F in 1963 below the extreme
high temperature., In the winter the average temperature variation was
36 I, with a maximum variation of 44 ¥ in 1964 and a minimum of 24 F in
1962 ahove the extreme low temperature. It should, therefore, be kept in
mind that measurement values associated with the various performance
factors under study and presented in this report represent the temperature
condition at the time of survey and not the extremes to which the pavement
has been exposed.
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Figure 2. Correlation of average air and average slab temper-
atures.

In all cases the quarterly surveys were conducted from about 11:00 a. m.
to 1:30 p.m. in order to minimize the effect of slab and air temperature
differentials. Thirty-seven sets of slaband air temperature datawere ob-
tained during the survey periods and a regression line of the average slab
and average air temperature is shown in Figure 2, Each pointon the graph
represents the average of 8 to 10 air temperature readings and 48 to 60
concrete temperature readings. As noted on the Figure, the standard error
of estimate of the average concrete temperature with respect to the av-
erage air temperature was 4.58 degrees.



TRATFIC VOLUME

Annual traffic volumes of commercial vehicles for each roadway for
each of the tenyears are shown inTable 2. The total annual traffic volume,
including all vehicles and both roadways, is also given. These figures
were obtained from the Department's Traffic Planning and Analysis group
basedon 8 and 24-hr sample periods and estimating factors for commercial
traffic proportions.

TABLE 2
ANNUAL NUMBER OF VEHICLES

Commercial Vehicles !

Year Total
Westhbound | Eastbound Vehicles ®
| 1959 185,000 160, 000 2,080,000
: 1960 193, 000 168,000 2,190,000
1961 201, 000 176,000 2,300,000
1962 210,000 185,000 2,409,000
1963 214, 000 199,000 2,640,000
1964 235,000 209, 000 2,884,000
1965 311, 000 255, 000 2,774,000
1966 373,000 306, 000 3,577,000
1967 373, 000 306,000 3,468,000
1968 477,000 392,000 3, 780, 000

Total 2,772,000 2,356,000 28,102,000

(1) Includes pickup trucks
(3) Both roadways

ABSOLUTE PAVEMENT DISPLACEMENT

The relief sections, congisting of 11 1-in. wide expansion joints, were
installed to provide for seasonal changes inlength of the continuously rein-
forced sections as well'as expansion space for permanent increase in length.
To measure these longitudinal changes, a permanent reference monument
was installed at the end of each continuously reinforced section at the time
of construction. An initial zero readingat each monument was taken within
48 hours after pouring the end pavement portion. Subsequent measurements
were made four times a year thereafter.
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The measured range inlength change from summer to winter at the six
ends is shown in Figures 3, 4, and 5. Fipgure 3 illugtrates the movement
for the 20, 861-ft section of the westbound roadway which containg bar mat
reinforcement in the east half and plain mesh reinforcement in the west
half. Figure 4 shows the movement for the 10,557-ft plain mesh reinforced
section on the western portion of the eastbound roadway, and Figure 5 the
movement of the 10,550-{t bar mat reinforced section on the eastern part
of the eastbound roadway. Measurements at the east endof the mesh rein-
forced section onthe eastbound roadway were discontinued in 1963 because
damage tothe monument by maintenance equipment prevented correct fas-
tening of the measuring device. At the east end of the westbound roadway,
measurements were discontinued in 1961 due to failure in the pavement
continuity near the end. Readings at the east end of the bar mat reinforced
section on the eastbound roadway were inadvertently omitted in 1965.

As anticipated, relatively large seasonal movements were measured
at the freé\ends of the continuously reinforced sections. The average
measured yearly range of change in length was 1.1 in. at each end or, in
other words, the sections were on the average 2.2 in. longer in the sum-
mer than in the winter. The average recorded temperature change asso-
ciated with this winter to summer increase in length was 60 F. The sea~-
sonal change in length of the four mile section on the westbound roadway
was inthe same general range as the two two-mile sections onthe eastbound
roadway, indicating that seasonal movement at the free ends igs independent
of length for long continuously reinforced sections.

As seen in Figures 3, 4, and 5 eachsection has increased permanently
in length. On the basis of the winter measurements, an average growth of
2.1 in. has occurred at each section end from 1959 to 1968. The max-
imum growth, 2.6 in., occurred at the east end of the bar mat reinforced
section on the eastbound roadway (Fig. 5) and the minimum 1.8 in., at the
west end of the mesh reinforced section on the eastbound roadway (Fig. 4).
Measurements at the free ends indicate that increase in length commenced
the first year and progressively increased each year thereafter.

To obtain information on the movement of the slab in the end region of
the continuously reinforced sections, a setof sevengage plugs were instal-
- led inthe pavement 12 in. from the outside edge of the passing lane at each
end during construction. The plugs were spaced 99 ft apart, the first plug
being set at the end of the continuously reinforced pavement. Since the end
‘plugwas alsoused to measure the movement of the free end of the slab with
respect to a fixed reference point, it was possible to obtain the absolute
displacement of each plugas well as the increase in length of each succes-
sive 99-ft slab segment by measuring the distance between plugs.



The plug-to-plug distance was measured with an invar tape in combin-
ation with a small plastic plate and a set of vernier calipers with a 0,001
in. resolution. The plugs and the plastic plate have a conical drilled hole
in the center of crosshairs scribed on their top surface, and the caliper
legs are equipped with conical points. Spring scales were used tomeasure
the tengion in the tape when a measurement was taken. A 16-~lb tape ten-
sion was applied during all measurements.

The procedure used in taking a measurement was as follows: The zero
mark on the tape was aligned along the crosshairs of one plugand the 100 ft
mark along the crosshairs of the plastic plate which was placed on the
pavement in line with, and near the next plug location. The proper tension
was applied, the correct alignment wag established, and the plate held
securely in position while a caliper reading of the distance between the
plug and the 100-ft mark was taken.

It is obvious that this method of measuring changes in the lengths of
99-1t slab.segments is not as precise ag desired. To establish the precision
of the readings, test measurements were conducted on 14 99-ft slab seg-
ments. Tive measurements were taken on each slab segment using dif-
ferent personnel to tension the tape, hold the plastic plate, and take the
caliper reading. The average standard deviation of these data was 0.043
in., with the expected maximum error for a 95 percent confidence level
for one reading being 0.086 in. Since the test measurements were con-
ducted in the winter under the adverse effect of cold weather conditions, it
is expected that the error in warm weather readings would be less.. Error
in the measurement due to change in length of the tape as a result of tem-
perature variations would also be present. The tape had a coefficient of
linear expansion of 2.2 x 10~ per unit length per degree F and was cal-
ibrated at 68 . Based onthe average winter temperature reading the cor-
responding error inthe tape length would be 0. 013 in. Although the meas-
urements contain these errors, itisbelieved they are of sufficient accuracy
to indicate the magnitude of the free end displacements.

The recorded yearly range in length change of the 99-ft slab segments
at each of the six free ends is shown in Figures 6, 7, and 8. Figure 6 il-
lustrates the displacement range for the westbound roadway, Figure 7 shows
the range of the mesh reinforced section on the eastbound roadway, and
Figure 8 shows the movements of the bar mat reinforced section on the
eastbound roadway.
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At some distance away from the free end of a continuously reinforced
pavement the accumulated friction force will be equal to the temperature-
induced force in the slab and there will be no displacement at this point.
The seasonal length change would, of course, be greatest at the free end
and then diminish as the distance from the end increases until the point of
zero displacement ig reached. The recorded seasonal movements indicate
this to be true. There is, however, only a little difference in the move-
ments at the 99, 198, and 297-1t points from the end. At the 396-ft point,
the movements show a pronounced decrease in magnitude and at the three
remaining points only slight movements occurred. As can be seen from
the graphs the seasonal movements at 396 ft from the end and beyond are,
in most cases, within plug or minus one standard deviation of the meas-
urement accuracy. The length of pavement required at each end to anchor
the central portion of a continuougly reinforced pavement is dependent upon
the subbase friction developed, the temperature and moisture variation to
which the pavement is subjected, and the rate and degree at which cracks
fail to close completely after each environmentally induced temperature
cycle. The pavementacts as an articulated slab intension with the induced
forces resisted by the concrete and steel. In compression, however, the
slab tends to act more like a continuous concrete slab. In. effect, this be-
. havior is. analogous toa continuous uncracked slab which has a lower mod-
- ulus-of-elasticity in tension than in compressgion. Thus, the apparent an-
chorage length would be less when the slab is under tension. Since this
tendency for the pavement to respond as a continuous slab in compression
is dependent on the degree of crack closure, the point of zero movement
from the free end would progressively tend to increase with each seasonal
temperature cycle and the free end movement would correspondingly tend
to expand or grow.

Measurements of absolute displacement at the free ends and of expan-
sion joint widths in the relief sections (see Joint Width Variations) show
that the continuously reinforced sections have increased permanently in
length, This increase inlength or growthof the pavement is also reflected
" in the measurements of yearly range of length change shown in Figures 6,
.7, and 8, because as can be noted, the yearly change in length is displaced
to the right or expansion side of the graph. Based onthese data, it appears
that about four years after construction, permanent growth had occurred in
a section of pavement about 700 ft from the free end.

The average absolute displacement of the seven points along the slab
is shown for the summers of 1960, 62, 64, 66, and 68 in Figure 9. Be-
cause some of the gage plugs have spalled out and the pavement has failed
in one end region of one section, the plotted values are the average of only
three free end movements where the instrumentation is still intact.

~12-



Since the plotted values are summer measurements, it must be kept
in mind that the seasonal expansion of the pavement ig included in these
displacements. It should be noted that as the age of the pavement increases
the point of zero movement is displaced further away from the free end.
For example, in 1960 the plot indicates that at about 550 ft there would be
no displacement, but in 1968 the point of zero displacement would be about
1,300 ft from the free end. . Further observations will be continued to deter—
mine the rate and extent of this movement. A short length of pavement

near a free end will be removed to allow the pavement growth to continue
normally. o

2.8

: O —~AVERAGE AIR TEMPERATURE
AT TIME OF READINGS,

AVERAGE ABSOLUTE DISPLACEMENT OF GAGE POINTS, INCHES .

o

®

o : J !

) 29 198 297 396 495 594 603
DISTANCE FROM FREE END, FEET

Figure 9. Averagé absolute summer
displacements of points along slab at
free end of pavement.

On the westbound roadway, two 500-ft gections, one in each type of
reinforcement and in the center of a days pour, were instrumented with
gage plugs for the purpose of measuring length changes in the slab away
from the free end. The plugs were spaced at 99-ft intervals along the edge -
of the passing lane and the measurements were performed with an invar
tape in the manner described previously.

The average change in length ‘of a 99~ft slab segment as measured in

the summer and winter from 1959 through 1968 is shown in Figure 10. Un-
fortunately, the measuring method was not accurate enough to provide data
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on which to bage any conclugion a8 to exactly how much change in length
occurred. It can be noted that the changes were quite erratic and, in some
cases, the winter measurements indicate greater increase in length than
the following summer readings.

All the measured changes were small with only five readings greater
than +0,05 in. On the basis of a maximum expected error of + 0,086 in.,
in one measurement at a 95 percent confidence level all readings except
four could have been zero. It appears, therefore, that any changes in
length occurring in the central region of the slab are extremely minute.
Also, based on the 10 year data, there is no permanent increase in the
length of a slab segment located in the central region of a long continuously
reinforced pavement. '
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JOINT WIDTH VARIATIONS

Expansion Joints

As previously mentioned, the expansion joint relief sections were
installed to provide for seasonal changes in length and anticipated growth
of the continuously reinforced sections. Seasonal joint width variations
were obtained by vernier caliper measurements of the distance between
gage plugs installed 4 in. each side of the joint centerline. The average
annual summer to winter variation in joint width for each of the 11 1-in.
expansion joints in the six relief sections is illustrated in Figure 11. The
progressive consumption of expansion space can alsobe seen onthis graph,

i
}

The openings of the joint adjacent to the free end of the continuously
reinforced sections.(Joint No. 1) have increased on the average from the
original 1 in. width to 1.77 in. during each winter cycle. The maximum
average width, 1.94 in., was recorded in 1963 and the average minimum,
1.55 in., in 1968. In the summer, the average joint opsning was 0.73 in.
with a 1-in. opening in 1964, and an average minimum opening of 0.52 in.
was recorded in 1967. Thus, the average seasonal joint width variation
measured at the free end joints was 1.04 in, '

With joint openings of this magnitude the -hot-poured, rubber-asphalt
sealant failed in adhesion shortly after construction (Fig. 12). As a result
of sealant failure, incompressible materials could readily enter the joints
and prevent proper closure of the joints during pavement expansion. Seal-
ant failure and contamination of the joints were so extensive by 1964 that
restoration of the joints was necessary. The old sealant and expansion
filler were removed and the joints cleaned of extraneous material with com-
pressed air. New filler material was inserted and the joint grooves sealed
with the same type of sealant used originally. Because the sealant in the
remalining 10 expansion joints in each relief section has primarily been in
compression these seals have, in general, performed quite well.

Examination of Figure 11 reveals the progressive closingof the relief
section expansion joints. Note that Joints No. 6 and 7 are the only two
joints showing only slight permanent closure after 10 years. Therefore, it
appears that closure of Joints No. 2, 3, 4, and 5 is caused by growth of
the contihuously reinforced section and Joints No. 8, 9, 10, and 11 are
closing because the adjacent standard jointed concrete pavement also ex-
hibited a permanent increase in length,
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Based on the,joint width data the maximum compression in the filler
material in the 1-in. expansion joints is about 0.6 in. On this basis the
available expansion at the time of construction afforded by the 11-joint
relief section was 6.6 in. In the summer of 1968, 76 percent of this space
was consumed. The growth of the continuously reinforced section accounted
for 40 percent of the space and the ‘growth of the standard pavement used
up to 36 percent. The total loss of expansion space in the 11-joint relief
section occurred at an average rate of about 0.5 in. per year. That is,
both the continuously reinforced pavementand the adjacent standard jointed
pavement have grown at an average rate of about 1/4 in. annually.

i
&

g

[ 1 . 1 . o ¢ . N
RN k> : . PR N

Figure 12, Typical seal failure at the free end of the continuously
reinforced sections in 1960 (left) and 1964 (right),

Construction Joints

The continuously reinforced pavement sections contain a total of 14
construction joints. Of these, six are in the bar mat reinforced sections
and eight in the mesh reinforced sections. Each joint was constructed at
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a minimum distance of 6 ft away from a reinforcement lap. In addition to
the steel being carried through the joint, 1-1/4 in. diameter steel bars,
18 in. long were installed at 12-in. centers to assure proper load trangfer
across the joints. All joints were instrumented with gage plugs in order
to obtain information on the width changes occurring at this type of joint.

At two of the joints in-the bar mat reinforced sections, unusually wide
cracks were noted in the morning side pour during the first winter after
construction. By the spring of 1962 the pavement at these locations had
deteriorated to the point where repair was necessary. One joint in a
mesh reinforced section failed by blowup in the summer of 1965. The
cause of failure and the repair methods utilized at these locations are dis-
cussed in detail in this report in the section titled Failure and Repair.
Measurements of joint width changes at the failed joints as well as at one
joint in the mesh reinforced section where one of the gage plugs spalled
out were deleted from the data presented.

The average summer and winter openings for each year for joints in
the bar mat sections and the extreme closure and opening recorded each
year are shown in Figure 13. On the average, the yearly joint width var-
iation was 0.009 in, and the average yecarly extreme variation was 0.023
in. It is of interest to note that the joints have never completely closed
since they were constructed. Rather the average summer opening steadily
increased until 1962 when it leveled off at a value of approximately 0.025
in. The average winter opening also continued to increase for the first four
years and since then has remained relatively constant at 0.0386 in.

Joint width variation data for joints in the mesh reinforced sections
are presented in Figure 14. Generally speaking these joints performed in
the same manner as those in the bar mat sections, but the width variations
were greater. The yearly average variation from summer to winter was
0.011 in. and the average yearly extreme variation was 0.044 in. Since
1962 the average summer opening has been near 0.035 in. and the winter
opening has remained around 0. 045 in,

Contraction Joints

Ten contraction joints in the standard pavement control section in the
middle of the eastbound roadway were instrumented for joint width variation
measurements. The extreme and average joint openings measured in the
summer and winter of each year are shown in Figure 15.

The jointopenings given represent those of standard contraction joints
-spacedat 99 ft. None of the joints have returned to zero opening since con-

-19-



struction. The average summer joint opening has been close to 0.07 in.
during the first five years and since then has increased to about 0.15 in.
Infiltration of foreign material into the joints through failed seals could
account for this increase in joint opening during periods of maximum pave~
ment expansion.

The average joint openingin the winter increased from 0,17 in. in 1959
to 0. 88 in. in 1961 and maintained thig approximate value during subsequent
winter measurements until 1963. In 1964 the average winter joint opening
decreased to 0. 30 in. and has remained at about this level during subsequent
measurements through 1968. The reasonfor the reduced joint opening dur-
ing the last few years may be attributed to the formation of several trans-
verse cracks in the slabs between joints, ‘

CRACK FORMATION

Transverse cracks in a continuously reinforced pavement occur in an
erratic manner and at irregular spacings. Some cracks extend across the.
full pavement width; some originate at either pavement edge, and either
terminate, join other cracks or divide into two cracks before reaching the
opposite edge; and some originate and end without reaching either pavement
edge. :

Because of the erratic nature of crack formation, the results of any
‘crack spacing survey will depict the crack conditions inrelation tothe def-
inition used to describe what constitutes a crack and the location chosen to
measure the crack spacings. In this project, any transverse crack greater
than 12 ft in length (one-lane width) regardless of where it originated or
ended was counted as an individual crack. Where surveys were conducted
to obtain the crack condition in one lane, cracks greater than 6 ft in length
(half-lane width) were counted as a single crack regardless of their origin
or ending point. During both type of surveys the crackspacings were meas-
ured at the pavement edge. '

Daily inspections of several pavement sections were planned beginning
the first day of pouring in order to determine the manner or pattern in .
which cracks develop. However, because of inclement weather conditions
and personnel scheduling difficulties this inspection schedule could not al-
ways be followed. The early crack development data are presented in
Table 3 in terms of average crack spacing from 2 to 12 days after pour
and 70 days after pour. Asthe Tableillustrates, the average crack spacing
during the first few days after pour varies from section to section. This
is to be expected since the concrete consistency, curing conditions, and
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temperature influence the development of cracks, and these characteristics
naturally would vary on a project of this length.

IFrom Table 3 itappears that the crack spacing inthe mesh reinforced
sections decreased faster than in the bar mat reinforced section during the
firgt few days after construction. This was most probably due to the fact
that the average pour temperature for the bar mat reinforced sections was
eight degrees lower than the tempserature at which the mesh reinforced sec-
tions were placed. After the pavement had attained an age of two to two and
one-half months, there was little difference in the crack spacing among
the various sections with an average spacing of 10.5 ft inthe bar mat rein-
forced sections, and 10. 3 ft in the wire mesh reinforced sections.

TABLE 3
SUMMARY OF EARLY TRANSVERSE CRACK DEVELOPMENT
Average Trangverse Crack Spacing, ft.
Etxze Bar Mat Reinforcement Wire Mesh Reinforcement
r
Pouring Eastbound Westhbound Eastbound Westbound
(D&_YS)O Pour Length, ft Pour Length, ft Pour Length, ft Pour length, ft
] 2763 | 3168 | 2256 | 2510 [ 3409 | 3696 | 2110 | 2410 | 2344 | 2332] s225 | 2780 | 2582
2 1,382 1,205 o 1,075
3 88 117 124 927
4 627 35 28 130
5 205 22 52 43
6 .921 15 18 19 25 18 . 21
7 84 19 17 24
8 24 120 17
9 15 30 487 14 20
10 39 116 16
11 27 30
12 . 25 ,
0% 10 11 10 11 10 11 11 10 10 10 10 10 11

(1) Average of all individual pours; range: 56—85 days,

From the time of construction in 1958 thirough 1961, quarterly surveys
of crack spacing for the full-width pavement were conducted in six daily
pour sections reinforced with bar mat and in seven daily pour sections of
wire mesh reinforcement. Since the crack spacing at an unrestrained end
of a continuously reinforced pavement does not represent the spacing in
restrained pavements a 300-ft length of pavement at these ends was deleted
from the survey in all pour ends adjacent to a relief section, The results
of these surveys, shown in Iigure 16, illustrate the relationship between
average crack spacing and pavement age for both types of reinforcement.
During this time interval the average crack spacings for both sections de-
creased slowly with time witha consistently shorter interval inthe bar mat
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reinforced sections. In the fall of 1958 the average crack spacing in the
bar mat reinforced sections was 10.5 ft and in late 1961, 4.8 ft. In the
mesh reinforced sections, the average crack spacing interval for the same
dates was 10.3 and 5.9 ft, respectively. It is evident from Table 3 and
Figure 16 that the average crack spacing decreases rapidly during the first
few months and then proceeds to decrease ata much slower rate from then
on, "

12
BAR MAT REINFORCEMENT |
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Figure 16. Average crack spacing in
bar mat and wire mesh reinforced sec-
tions. :

To obtain information onthe frequency distribution of the crack spacing .
interval inthe traffic and passing lane, four 1, 000-ft sections in the center
of four daily pours in each type of reinforcement were surveyed. These
surveys were conducted inthe fall of 1858, spring of 1959, fallof 1961, and
spring of 1969. TFigures 17 and 18 show the frequency distribution of the
crack spacing interval in the traffic and passing lanes for these survey
dates in the bar mat reinforced and mesh reinforced pavement sections,
respectively.
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These Figures show that the average crack spacing decreased with
time. It is perhaps of most interest to note that in the fall of 1958 about
16 percent of the cracks in the bar reinforcement, and 20 percent in the
wire reinforcement were spaced atover 15 ft; but by the spring of 1959 the
greater than 15-ft interval had decreased to about 6 percentand 13 percent,
respectively. Also, during the first survey there were hardly any cracks
spaced at less than 1 ft whereas the percentage of crack intervals at this
distance had increased toan average of 10 percent in1969. As can be noted
from these frequency distributions, the initial crack spacing interval tends
to be more uniformly distributed and with time becomes more skewed to~
ward the shorter crack spacings.

There was no appreciable difference in crack spacing between the traf-
ficlane and passing lane in the fall of 1958. However, in the spring of 1969
the average crack spacing inthe passing lane was 0.5 £t and 0. 8 ft greater
than that in the traffic lane in the bar mat and mesh reinforced sections,
respectively. This relationship between average crack spacing in the two
lanes is illustrated by the line graph in Figure 19. This greater crack
spacing in the passing lane indicates that the heavier truck traffic which
normally uses the traffic lane mfluences the formation of new cracks in
that lane.
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SURTACE CRACK WIDTHS

Data on crack wi.d,th variation were obtained from three locations in
both the bar mat and mesh reinforced sections. These locations were ag
follows: .

1) near a construction joint
2) approximately 500 ft from a free end

3) in the approximate center of a day's pour.

The first four cracks which developed at these locations were selected
for measurement. At each crack two gage plugs were installed, one each
side, 5 in. from the crack and 12 in. from the pavement edge. The dis-
tance between plugs was measured with a Whittmore 10-in. mechanical
strain gage, and the average surface crack width at the time of the initial
strain gage measurement was obtained with a scale microscope. This
reading was applied as a correction tothe initial mechanical gage reading.

At the construction joints, two of the instrumented cracks were located
in the pour preceding the joint and two in the pour following the joint. The
summexr-winter crack width variations for cracks on both sides of the joint
and in both types of reinforced sections are shown in Figure 20, It can be
seen that in all cases the summer to winter width variation is less than
0.01 in. Moreover, the cracks never close but progressively continue to
open during the first four years after which there appears to be no further
increase inopening. The chart indicates that the cracks preceding the con-
struction joint do not open quite as much as those just following the joint,

Figure 21 shows the summer-winter average crack width variations
500 ft from the end of a section and in the center of a day's pour for both
reinforcement types. The summer-winter variations in crack width is
small; less than 0.005 in., with the exception of the 1961-62 changes for
cracks inthe center ofa day's pour in the bar mat reinforced section which
averaged between 0.006 and 0.007 in. As in the case of cracks near a
construction joint, the width increases sharply during the first four years,
tends tolevel off and maintain about the same width thereafter. The average
crack width magnitude at which there appears to be no further increase is
about 0.028 in. at 500 ft from the end, and 0. 026 in. at the center of a day's
pour in the mesh reinforced section. For the same two locations in the
bar mat reinforced section the value at which the crack widths stabilized
-was .about 0.023 and 0,028 in., respectively.
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CRACK WIDTH VARIATION — INCHES
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REINFORCEMENT
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Figure 22. Crack width variations in wire mesh and bar mat reinforced

sections over a 24-hr period,
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In addition to the yearly cycle, the cracks are also subjected to daily
cycles of width variation. To obtain information on the magnitude of the
daily width changes, the width variations of the instrumented cracks at the
previously mentioned three locations were measured every hour from
6:00 p.m. August 30 to 5:00 p.m. August 31, 1961. The measured air
temperature change for this period was 26 F with a low of 62 F oceurring
at 6:00 a.m. and a high of 88 I at 4:00 p.m. on August 31.

The average crack width variations for cracks having a mean spacing
of 5.6, 8.4, and 11.0 ft are shown.in Figure 22 for both the bar mat and
mesh reinforced sections. It can be seenthat the greater the mean spacing
the larger the crack width variation. It can also be seen that the variation
was very nearly the same in both types of reinforcement. The average
maximum variationwas 0.0013, 0. 0008, and 0. 0007 in. for the long, inter-
mediate, and short crack spacing, respectively.

In order to investigate the steel condition at several typical cracks,
twelve cores were taken in September 1963, six in March 1966, and eight
in March 1968. Itach core was cut so the crack divided the core in approx-
imate halves. Of thefirst setof twelve cores, four cores were taken where
the crack intervals ranged from 8 to 12 ft, four where the crack spacing
was 3 to 8ft, and four where al to 3 ftcrack spacingwas found. The cores
taken in 1966 and 1968 were selected from areas where some of the larger
crack spacings were found (7 to 15 ft)., Each time anequal number of cores
were cut from the two types of reinforced sections, '

Priorto investigating the steel conditionthe crack width variation from
top to bottom of the cores was measured with a scale microscope. Table 4
gives the average crack width at successive levels below the surface of each
core taken in 1963 and 1966. Of the eight cores taken in 1968, four were
cut in half as shown in Figure 23 and the crack width variation in the ver-
tical plane of each of these four cores is also included in Table 4.

On the bagis of these measurements, it is evident that the width of the
cracks decreases rather rapidly in the top 2-in. layer, and at the steel
level (8 to 4 in. below the surface) the crack widths have decreased to a -
magnitude which is generally considered non-detrimental with respect to
steel corrosion. Although the cracks were visible for the full pavement
depth, their widths were extremely small from the steel level to the bot-
tom of the cores. Generally speaking; it appears that for the crack spacingé
and reinforcement types involved, those variables have little influence on
the magnitude of the crack widths at the steel level and below.
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TABLE 4

CRACK WIDTH VARIATIONS IN VERTICAL PLANE

Crack Average Cracl Widths at Successive Levels
Date Spacing }Rei)ﬂ?}*cexneni: Core At 1t0 2 in. AL 4 to 6 in. Below
Cored Intervaly . Type No. Ipivement| Below steel | Below | "
ft Surface | Surface Surface *
Bar Mat 3 0,070 0.020 0,020 0,012 0,002
ar M 9 0.050 0.028 0.010 0.010 Minute
8-12 Mesh 6 0,045 0.028 0,015 0,010
12 0.045 0.015  0.010 0.004
Bar Mat 1 0,045 0,014 0.015 0.002
September - 8 0,025 0.013 0.010 0.006  0.003
1963 Mesh 4 0.035 0.018  0.020 0.004
10 0,025 0.012 0,015 0.004 0,003
Bar Mat 7 0,015 0.010 0.010 0.002  0.002
a 2 0. 005 0. 002 0.002  Minute
1-3 Mesh 5 0.025 0.018 0.010 0.003
~ 11 0.010 0,011 0,010 0.008  0.005
3 0.040 0.018 0,013 0,006  0.005
Bar Mat 4 0.033 0.020 0.009 0,007  0.006
March 6 0.037 0,020 0.008 0,003  0.002
1966 8-15 ' ‘
1 0.028 0.026 0.008 . 0.009  0.003
. Mesh 2 0. 048 0,018 0,010 0.004
5 0.052 0.032  0.009 0.006
5 0.047 0.032 0,015 0.007  0.010
Bar Mat
ar Ma 8  0.045 - 0,025 0.005 0.007 . Minute
March ‘ :
1968 715 '
Mesh 4 0,055 0,015 0,008 0.007 0,003
2 0.055 0,010  0.012  0.010

0.028
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REINFORCEMENT STRESSES

During construction one-lane reinforcing mat each of deformed bars
and wire mesh were instrumented with SR-4 strain gages to measure the
resulting reinforcement strain intensities with time. Five of the longitud-
inal bars or wires in each of the two reinforcement mat types were gaged
and two 12-ft lengths of No. 28 corrugated steel, 3 in. high were placed in
line with the gage centers and across both lanes to insure the formation of
a crack at these locations. '

Strain gages were also mounted on hot rolled steel plates which were
enclosed in an air-foam rubber and paraffin block, so as to allow unre-
strained movement of the plate due to temperature change. These blocks
were then placed in the concrete and, with the bar gages, completed the
strain measuring bridge circuit. A complete description of this instru-
mentation is given in Reference (1). :

Plots of the resultant strain measurements for each reinforcement
type together with the air temperature variation for time periods of 120
hours and 150 days after initial construction are shown in Figures 24 and
25, respectively. A

With reference to Figure 24, the crack inthe wire mesh section formed
sometime between 19 and 24 hours after placement and the steel stress
ofl‘anged from about 1,800 psi tengion before cracking to about 31, 000 psi
tension after cracking. In the case of the barmat section, the crackoccur-
red sometime between 75 and 88 hours after placement and the correspond-
ing steel stress changed from about 1,500 psicompression before cracking
to 37,500 psi after cracking.

The strain and air temperature variation over a 62‘--day period in the
case of the deformed bar matand about five months for the wire mesh rein-
forcement are depicted in Figure 25. Small resistance to ground measure-
ments of the bar mat gages resulted in erratic strain readings and these
measurewments were discontinued after the two month period indicated. The
gages on the wire mesh reinforcement yielded erratic readings after five
months, and these measurements were also discontinued after this périod.

The maximum recorded stresses for the time periods indicated were
about 44,000 psi in the bar mat section and about 37,000 psi in the wire

- mesh gection.

Although the recorded stresses do not repr:=co: the maximum that
occurred in the reinforcement in this experimental pavement, they are
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indicative of the general stress variation that takes place during the initial
time interval after placement. There i also, however, no evidence to
indicate that the reinforcement stresses anywhere inthe experimental pave~
ment have exceeded the yield gtrengths of the respective steels.

SURFACE ROUGHNESS

The surface roughness of the experimental pavement was measured
with the MDSH roughometer which is of the same general type as the Federal
Highway Administration's (BPR-Type) roughometer. The roughness value
for a particular test section of the roadway was obtained by measuring the
roughness in the center of the traffic and passing lane and then averaging
the two valueg. Tigure 26 gives the roughness indices thus obtained for
each year for the continuously reinforced Joctlons the standard pdvement
sectlon and the relief sections.

In Michigan, three arbitrarily determined roughness classifications
are used: good, average, and poor, with the respective roughness ranges
in inches per mile heing 0 to 130, 131 to 174, and 175 or more. On the
basis of this clagsification the initial roughness indices of the continuously
reinforced sections and the standard pavement section were in the good
category, whereas therelief sections were inthe average group range. As
can be noted in Figure 26, the roughness of all sections tended to increase
for the first four years, and then level off for the remaining six years.

The 1968 average roughness indices of the four continuously reinforced
sections, standard pavement, and the combined relief sections were 150,
135, and 166 inches per mile, respectively, placing them in the average
roughness category.

The relatively shortslab lengths and the 11 1-in. wide expansion joints
inthe relief sections would account for the higher roughness indices meas-
ured in thege areas. The relatively greater initial and subsequent rough-
ness indices of the bar mat reinforced section onthe westbound roadway is
considered only indicative of the variability of roughness that results on
any given project as a function of the environmental and construction con-
ditions that exist at the time of concrete placement,

Comparing the roughness of the two pavement types reveals that the
standard pavement section has a smoother surface. However, the differ-
ence issmall (16 in. per mile based onthe average value for the 1968 read-
ings) and is of no real significance.
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A random selection of 30 Michigan construction projects for standard
99-ft jointed pavement reveals that initial roughness indices range from
109 to 151 with a mean of 129, Based on these data, the assumption that
continuously reinforced pavements provide a substantially smoother surface
than jointed pavements is not necessarily true.

PICTORIAL RECORD OF SURTACE CRACK CONDITION

Ateach of the three locations in both types of reinforced sections where
crack width measurements were made, the surface condition ofeach crack
was recorded pictorially on a yearly basis. The photographs were taken
in the fall of each year, except in 1968 when they were taken in the latter
partof July. Figures 27, 28, and 29 show the appearance of atypical crack
inthe traffic lane in1958, 61, 63, and 68 in the wire mesh reinforced pave~
ment at a construction joint, 500 ft froma free end, and in the approximate
center of a days pour. Figures 30, 31, and 32 illustrate a typical crack
condition for the same years and same locations in the bar mat reinforced
pavement. The adjacent crack gpacing as of 1968 is also shown on each
Figure. ‘

Generally speaking, the appearance of the cracks is reasonably good.
It can be seen that the surface width has increased with time. However,
close inspection of the cracks revealed thata good part of the apparent sur-
face width ig due to the crack edges being rounded. It is also evident that
small spalls have occurred along the cracks through the years. The round-
ing and spalling of the cracks are more prevalent in the wheel path areas
and no surface deterioration of this type appears near the outside lane edges.

Cracks in areas of relatively large spacing exhibit greater surface
width and deterioration than.cracks in areas of relatively small spacing.
To illustrate this, photographs taken in July 1968 of cracks representing
both large and gmall spacings are shown in Figures 33, 34, and 35. Fig-
ure 33 shows cracks at small spacing inboth types of reinforced pavements,
and Figures 34 and 35 show the conditionof cracks at large spacing in plain
welded wire mesh and bar mat reinforced pavement, respectively.

There is little difference in the surface condition of cracks in the two
types of reinforced pavement. With the exception of a few cracks having
rather large spalls or passing through asurface pop-out, the cracks cannot
be felt nor do they create any thumping, such as joints do, when driving
over the pavement at normal speeds.

=30



*Jurof UWOIFONIISUOD JB UOIIDSS YSOUW SJIIM Ul YOBIO OSISASURL] *L7 oIndid

8961 - ONIDVLS MOVYD LNIDVraVY
H i
N LLL L e —

.29 W Y . | LINIOr

g8l , , 2G5]

37



*PUS 98] WOJIJ 3 (0¢ UOTI0OS YSOW SIIM U JOBID 9SISASUBILY, °8F 2InJLi

8961 - ONIDVLS MOVED 1
oz 4 .8l

. i i
. s
- ﬁv
S -~
. .
»
) ?
:
. |
4 . ¢
- . .
- 4
R
t - I
H
# - - R
o . ;

38



0
o

*anod s, £BP B JO I93U80 SY] Ul UOIJOSS YSOW SJI4 U YOBIO SSISASUBL]L, ‘{7 2IndLi

8861 — ONIDVIS MOVYED LN3IDVrdVv

{ .08 [6l-.ec—Lzz

-39



*3UIOf UOIJONIISUCD JB UOIJOSS JBTU JBQ Ul JOBIO 8SISASUBILL *(0f °Indrd

8961 ~ONIDVdS MOVND 1NIDVray
m WL | T

Sl
BT
o

.u.mm.w,

N - * e
- - - - ~ .
« i - - - P . . s e ] R
- - 7 oL o - " - e
T T N R ' R . . o~ .7 :
. > - B - I -
i . £ A K o~ | - o 5
P . ) ‘ - -
- % . B . - .
. o . 4
/f - - - “
- - 4 e T i
4 .

|

=l Qe



"PuUs 89J] W0 3 00§ UOII08S JBW JB(Q UI JOBIO 9SISASURL], 'T¢ oandid

8961 - ONIDVES YOVYD INIOVEAY
R . SO Lz

- - N . T
e c g
.
- , N
- AN - -
L .
7 s
7
' -
[
’ - -7
: - - - - - -
188!
N .




*anod s,£Bp ® JO I93U90 9y} Ul UCIJOSS JBUWT JB( U OBIO OSISASUBILL

8961 — ONIDVHS MDOVYD 1INIDVIav

"€ 2andig

€96l 196]

g5 6l

49



juoweaed

podxojuIex Jo sadA; yjoq ur Suroeds }OBIO [TBWS
JO BOI® Ul S)OBID Jo oocueieaddy *g¢ sandig

YR

> -
- . Q)
. ; / Fl
‘ J P
. - Y ;
s
‘ - .- e o - /
- i /
i P
‘ V4
: s - é /
< - ;
. . ;
. " {
/ 7
;

SY0BIS XiS Jo dnoxd
jeuw I2d : :
~, ’ T

juswaasd pPeoIOIUISE

. N - . !
B - - R p
P - ’ i
4
Fl u
P -

SYOBJID UDASS IC dnoxd




g

)

27" . ¢ (32" : .

107" o 68" -
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section. ' '
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Figure 36. Two-axle load truck.
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Figure 37. Deflectometer used in 1959 study (dial gage used for calibration
only).
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LOAD DEFLECTION TESTS

As partof the overall evaluation program, load deflection studies were
performed on the experimental project in September 1959 and again in May
1962. Deflection measurements were made at cracks, midway between
cracks, and at construction joints in the bar mat and welded wire mesh
continuously reinforced sections, Inthe standard pavement section deflec-
tions were measured at contraction joints, at the midpoint of the slab, or
midway between a joint and a crack. The tests were conducted for the pur-
pose of comparing the deflections at the various points in the two types of
continuously reinforced pavement sections as well as the deflections of the
standard pavement section,

Equipment

A two-axle truck (Fig. 36) was employed for applying the load to the
pavement during both studies. Steel blocks, weighing 1,000 1b each, and
1,200-1b concrete blocks were used as weight. Resulting static axle weights
were 8,400 and 19,600 lb on the front and rear axles, respectively, during
the 1959 tests and 5,000 and 17,600 1b, respectively, for the 1962 tests.
The truck axle spacing was 14 ft, and a tire pressure of 70 psi was main~
tained in the rear tires.

TFor the purpose of measuring the deflections, special deflectometers
were constructed. Those used in the 1959 tests (Fig. 87) consisted of an
aluminum bar secured to a 50-1b steel anchor block. One end of the bar
was connected to the point on the pavement where the deflection was de-
sired. This connection was made by means of a bolt attached to the bar
with a wire and a threaded nut cemented to the pavement with epoxy resin.
The other end of the bar was attached to a small strain-gaged cantilever
beam in such a manner that vertical movement of the slab would activate
the gages. ’

The type of deflectometer used in the 1962 tests is shown in Figure 38.
It consisted of an aluminum I-beam with a Linear Variable Differential
Transformer (LVDT) fastened to one end of the beam. The deflectometer
was positioned so that the LVDT core insert was resting on the pavement
point where the vertical movement of the slab was to be measured. The
I-beam was supported on the shoulder 6 ft from the point of deflection;
whereas, the distance between the support and deflection point for the bar
~used in the 1959 deflectometers was 1 ft. This modification was made in
order to reduce the possibility of the deflectometer being supported inside
the deflection basin,
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Recording was done on a four-chamnel Sanborn Oscillograph system.
Calibration for all tests was accomplished by depressing the bar end, or
in the case of the LVDT sensors moving the core a given amount and then
adjusting the recording equipment for desired output.

Figure 38. Deflectometer used in 1962 study.

Procedure

Ateach testareadeflections were measured at four different locations.
Two longitudinal deflectometer spacing arrangements were used in 1959:
1) a deflectometer placed 4 in. each side of a joint and 4 in. each side of
the adjacent crack, 2) a deflectometer placed 4 in. each side of a crack
and at the midpoint of each adjacent slab or slab segment. In the 1962.tests,
the longitudinal spacing was as follows: 1) a deflectometer placed 2 in.
each side of a crack or joint and at the midpoint of each adjacent slab or
slab segment, 2) a deflectometer placed at the midpoints of two adjacent
slab segments and directly over two adjacent cracks. In all tests the de-
flectometers were positioned to measure the deflection 1 to 1- 1/2 in. from
the pavement edge.

Before recording any deflections at any test area the pavement was
conditioned or "ironed out" by four passes of the load truck. During the
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test runs the outside rear tire was pogitioned from 8 to 14 in. away from
the pavement edge. Test runsg in 1959 were made at both creepand 30 mph
- 8peeds and one getof data was taken during the day and one setat night. In
1962, all tests were conducted at creep speed and at night only.

For each test period the air temperature was obtained by an automatic
temperature recorder and the concrete glab temperature measured at the
thermocouple installation incorporatedin the pavement during construction.
Joint and surface crack openings were measured at the time of testing. A
vernier caliper was used to obtain the joint openings and an optical micro-
meter uged to measure crack widths.

1959 Test Results

The daytime tests were conducted from 1:15 to 4:30 p.m. and the night
tests from 12:15 to 4:30 a.m. The average air temperatures for the day
and night period were 86 and 62 F, respectively. During the daytime per-
fod the average slab temperature at the surface was 11 F higher thanat the
bottom whereas during the night period the average slabtemperature at the
top was 6 I lower than the bottom surface.

Sketches of the set-up and test area at each of five locations are shown
in Figures 39 through 43, with individual and average maximum deflections
at the various points given below each sketch., Figure 44 shows typical de-
flection traces for Trial Number 2 at Test Areas No. 3, 4, and 5 at creep
speed at night. As can be seen from these traces, the maximum deflec-
tions represent the influence of the loading and axle spacingof the test ve-
hicle utilized, and are not the result of individual axle loads.

Summaries of the average maximum deflections for the various test
conditions at points along the pavement edge are presented graphically in
Figures 45 and 46. Because the data are very limited in quantity and be-
cause no attempt was made to determinie the subgrade properties at the -
individual test sites, no specific conclusions can be made with regard to
the relative deflection performance of the continuously reinforced sections
and the standard reinforced pavement. However, based on the data ob-
tained, the following results of the deflection characteristics of the con-
tinuously reinforced and standard reinforced pavement sections are sum-
marized.
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TEST AREA NO, 1
Bar Mat Reinforcement

DEFLECTOMETER LOCATION

7 R
g
¢, -
DU, §,D2 D3| P4
< 5 Qp
LOAD DEFLECTION DATA
Creep 30 mph
Location Trial | Trial | Trial Avg Trial | Trial | Trial Avg
1 2 3 1 2 3
D1 0.002 0.002 0,002 0,002 0.‘ 002 0.002 0,002 0.002
D2 0.002 0.002 0.002 0,002 0.002 0.002 0.002 0.002
g D3 0.003 0.003 0,003 0.003' 0. 002 0.002 0.002 0,002
D4 0.003 0.003 0,003 0.003 0.003 0.002 0.003 0.003
Joint Opening - None ’ Crack Opening - None
D1 0.012 0.012 0.012 0.612 0.011 0.009 0.011 0.010
. D2 0.010 0.010 0,010 0,010 0.009 0.008 0.009 0.009
SZ:S D3 0.011 0.012 0.011 0.011 0.010 0,008 0,010 0,009
D4 ~0.014 0.014 0,013 0.014 0.012 0.010 0,011 0.011
Joint Opening - 0. 002 Craék Opening - 0.011

Figure 39. Deflectometer locations and deflection data for Test Area No. 1,
Sta. 894+99 westhound roadway.
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TEST AREA NO, 2

" Special Mesh Reinforcement

DEFLECTOMETER LOCATION

Sta. 890+16 eastbound roadway.

O 0O
& - -
Dlg || 6D2 D3¢ ) 4D4
st G G
LOAD DETFLECTION DATA
Creep 30 mph
Location Trial | Trial | Trial Avg Trial | Trial | Trial Avg
1 2 3 1 2 3
D1 0.005 0.005 0.004 0,005 0.005 0.005 0,004 0.005
D2 0.006 . 0.006 0.0056 (5.006' 0.005 0. 005 0.005{ 0.005
g D3 0.003 0.003 0.003 0.0Q8 0.002 Q.OOZ 0.002 0.002
D4 0.003 . 0.003 0.003 0.003 0.003 0.003 0.003 0.003
Joint Opening - 0.013 Crack Opening - 0. 007
D1 0.023 0.024  0.023 Q.,O2.3' 0. 020 0.019 0.020 0.020
— D2 0.020 0.020 0.020 0,020 0,016 0.016 0.017 0..016
g D3‘ 0.021 0.021 0.02Q 0.021 0.617 0.017 0,017 0.017
D4 0.022‘ 0.022 0.022 0.022 0.019 l0.0l’Z 0,018 0,018
Joint Opening - O 021 Crack Opening. - 0.008 -
Figure 40. Deflectometer locations and deflection data for Te.st Area No. 2,




TEST AREA NO. 3
Special Meagh Reinforcement

DEFLECTOMETER LOCATION

o ¥ ¥
< g 9
x P o
8] 3 ®]
¢
DI, D2, ) D3 D4
’W‘ 5w "y 5 - 8"
e 11! = 10—l 1 14 s
LOAD DEFLECTION DATA
. Creep 30 mph
Location | Tyial | Trial | Trial A Trial | Trial | Trial A
1 2 3 VB 1 2 3 | ~VE
D1 0.003 0.003 0.003 0.003 0,003 0.003 0.003 0,003
D2 0.006 0.006 0.006 0.006 0.007 0.006 0,007 0.007
D3 0.006 0.006 0.006 0.006 0.006 0.006 0.6006 0.006
D4 0,004 0.004 0.004 0.004 0.004 0.003 0.004 0,004
Joint Opening - None Crack Opening - 0,008
D1 - 0.018 0.018 0.019 0.018 0.015 0.015 0,015 0,015
- D2 0.021 0.021 0.022 0.021 0.017 0.017 0.017 0.017
I
S_? D3 0.019 0,020 0.020 0.020 0.015 0.015 0,016 0,015
Z
D4 0.018 0.018 0.019 0.018 0.014 0.014 0.014 0.014
Joint Opening - None Crack Opening - 0.008

Figure 41, Deflectometer locations and deflection data for Test Area No. 3,
Sta. 930+00 eastbound roadway. '




TEST AREA NO, 4

Standard Reinforcement

DEFLECTOMETER LOCATION

Joint Opening - 0.50

Crack Opening - None

‘,...
2 z Z
¢ - - )
Dl D24|,D3 D4
o 4 Q' e — 49" 6“——%-'4
bt——— 99" 0" Brnd 99'-0"
LOAD DEFLECTION DATA
Creep 30 mph
Location | prial | Trial | Trial | - Avp | Trial'} Trial | Trial =
1 2 3 Ve 1 2 3 J
D1 0.004 0.004 0.004 0.004 0.005 0.004 0.005 0,005
D2 0.009 0.009 0.009 0.009 0.008 0.008 0.008 0.008
2{ D3 0.009 0.009 0.009 0.009 0.009 0.009 0.009 0.009
Q ‘ .
D4 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004
doint Opening - 0.50 'Crack Opening - None
D1 0.019 0,019 0.018 0,018 0,015 0.015 0.016 0.015
- D2 0.052 0.053 0.053 0.053 0,040 0.039 0.041L 0.040
I
O D3 - 0.057 0.056 0.056 0.056 0.044 0.043 0.046 0.044
Z : .
D4 0.020 0.019 0.019 0.019 0.015 0.014 0.016 0,015

Figure 42. Deflectometer locations and deflection data for Test Area No. 4

Sta. 973+20 eastbound roadway. .
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TEST AREA NO. 5
Bar Mat Reinforcement

DEFLECTOMETER LOCATION

Joint Opening - None

Crack Opening - 0,011

8] 8 3]
¢ - . -
DI, D2,4],03 D4
l L£~~7L3"~w wnd-&”wl J
s l4'-6" pofete ' 6
LOAD DEFLECTION DATA
Creep 30 mph
Location | qrial | Trial | Trial Av Trial | Trial | Trial Ave
1 2 3 B 1 2 3 Ve
D1 6.005 0.004 0.004 0.004 0.004 0.004 0,004 0.004
D2 0.008 0.008 0,008 0.008 0,007 0.007 0.007 0.007
>_
g D3 0.009 0.009 0.009 0.009 0.008 0.008 0.008 0.008
D4 0.004 0.003 0,004 0.004 0.004 0,003 0.004 0.004
Joint Opening - None Crack Opening - 0.009
D1 0,012  0.012 0.012 0.012 0.011 0.010 0.010 0.010
— D2 0.018 0.018 0.018 0.018 0.017 0.016 0.016 0.016
= A
g- D3 0.019 0.019 0.019 0.019 0.018 0.017 ©0.017 0.017
D4 0.014 0.014 0.013 0,014 0,013 0.012 0.012 . 0.012

Figure 43. Deflectometer locations and deflection data for Test Area No. 5,

Sta. 1029+63 castbound roadway.
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Figure 45. Average maximum deflection at various points along
. pavement edge during day and night tests at 30 mph.
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Figure 46. Average maximum deflection at various points along
pavement edge during day and night tests at creep speed.
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1. As expected, because of the pavement being warped upward during
the night, the deflections resulting from the daytime tests are substantially
lower than those recorded at night. The day measurements for the 20 de-
flectometer positions in the five test areas ranged from 0. 002 to 0.009 in.
whereas al.night the range extended from 0,009 in. to a high of 0. 056 in, at
a joinr in the standard pavement gection.

2. Increase in speed from creep to 30 mph had practically no effect
on the magnitude of the daytime deflection measurements at dny of the five
test areas. However, a reduction in deflection magnitude occurred at the
30 mph speed during the nighttime tests. Based on the deflections of all
twenty points measured, the average reduction was 19 percent with a min-
imum of 10 percent occurring in Test Area No. 1 and a maximum of 24 per-
cent at the contraction joint in Test Area No. 4,

3. The average maximum relative deflection at cracks and construc-
tion joints in the bar mat and wire reinforced continuous sections as well
as at cracks in the standard jointed section was 0.001 in. for the daytime
loadingss and ranged from 0. 001 in. to 0.004 in. for the night loadings,

4. Theaverage deflectionat cracks inthe bar mat reinforced sections
ranged from 0.005 in. for the day loadings to 0.014 in, for the night load-
ings. The average deflection at cracks in the wire mesh reinforced sec-
tions ranged from 0.004 in. to 0,019 in. for the day and night loadings,
respectively. v

5. The average deflection at construction joints in the bar mat rein-
forced sections ranged from 0,002 in. for the day loadings to 0.010 in. for
thenight loadings. The average deflectionat construction joints inthe wire
mesh reinforced sections ranged from 0.005 in. to 0,020 in. for the day
and night loadings, respectively.

6. Theaverage deflectionat contraction joints in the standard sections
ranged from 0,009 in. for the day loadings to 0.048 in. for the night load- .
ings. :

7. The average deflectionat points halfway between cracks in the bar
mat, wire mesh, and standard reinforced sectiong for day and night load-
ings ranged from 0.004 to 0.012 in., 0,004 to 0.016 in., and 0.004 to
0,017 in., respectively.
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1962 Test Results

As previously mentioned the 1962 load-deflection tests were conducted
at creep speed and at night only. Two test periods were required to com-
plete the scheduled tests; one from 11:45 p.m. to 3:50 a.m. and onefrom
12:30 a.m. to 2:00 a.m. on the following night. The average air temper-
ature during the test periods was 42 F with a high of 45 and a low of 39 F.
Recorded slab temperatures show that the glab surface was from 3 fob F
cooler than the bottom surface during the test intervals.

Seven areas were selected for test: three in the bar mat reinforced
section, three in the gpecial megh reinforced section, and one in the stan-
dard pavement gection. In each test area, the deflectometer locations and
deflection data for each point and trial loading are shown in Figures 47
through 53. Test Areas No. 1 and 5 are at the free end of a section of spe~
cial mesh and bar mat reinforced pavement and, as shown in the sketches,
two of the four deflectometers used at each location were placed directly
over a crack., The remaining four areas in the continuously reinforced
section are in the middle portion of a day's pour and were selected to ob-
tain information on deflection with respect to different slab lengths as well
as across cracks. Deflections at a contraction joint and at the slab mid-
point in the standard pavement were measured for comparing the deflec-
tions of the two pavement types.

A typical load-deflection trace from Trial Number 4 at Test Area No. 7
s shown in Figure 54. Average deflections at various points alongthe pave-
ment edge for each test area are plotted in Figure 55. As in the case of
the 1959 tests the data are very limited and do not warrant specific con-
clusions; however, a summary of the data obtained is as follows:

1. The smallest deflections (0.008 to 0.014 in.) were measured in
Test Areas No. 1 and 5 which are at the free ends of a continuously rein-
forced section which has relatively long slab segments and narrow crack
openings. The average relative deflectionacross the cracks was 0. 001 in.,
and the average midpoint slab deflection was 0,015 in. less (about 15 per-
cent) than the average deflection at cracks. There was very little differ-
ence between the deflections measured inthe bar mat and wire mesh rein-
forced areas. ‘ ‘ ‘ '

2. In Test Areas No. 2 and 7, having intermediate slab lengths (3 to
7 ft) the average relative deflection across the cracks was less than 0.001
in, The average midpoint slab deflectionwas 0. 028 in. less (about 15 per-
cent) than the average deflection at ‘the cracks. There was. no significant
difference between the deflections occurring in either the bar mat or wire
reinforced sections. :
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3. The bar mat reinforced test area with slab segments in the short
category (less than 2.5 ft) deflected equally at the crack and at the slab
midpoints. These deflections measured 0.016 in, which were 0.003 in.
less (about 16 pevcent) than the deflections at cracks in the areas with
medium slab length segments and about the same .for points midway be-
tween cracks in the long slab segment area. The special mesh reinforce-
ment test area with ghort slab segments (Jess than 2.5 ft) deflected an av-
erage of 0.032 in, at the crack and 0. 034 in. at the slab midpoints or about
twice as much as other areas in the continuously reinforced pavement sec-
tiong. There was no indication that the structural quality of the pavement
at this location was inferior to that at other test locations and it is, there~
fore, anticipated that the subgrade support was less at this particular loca-
-tion.

4. Slab midpoint deflections in the standard pavement were in the same
general deflection range (0. 018 in.) ag deflections inthe continuously rein-
forced sections, whereas deflections at the contraction joint (0.041 in.)
were more than twice as much as the greatest deflection of any pointmeas-
ured in the continuously reinforced pavement test areas.

Summary

A qualitative assessment of the results. of both of the above series of

- deflection tests indicates that the deflections at cracks, at points between
cracks, and at construction joints in the continuously reinforced 8-in. pave-
ment sections were essentially compatible for the various speeds and day
and night loadings involved. There is no significant difference in the deflec-~

.tion behavior in the continuous sections reinforced with either type of rein-
forcement and, with the exception of deflections at the contraction joints
in the standard jointed pavement, the deflection at cracks and at points be-
tween cracks are in the same range for both the continuous sections and
the standard jointed gection. The relative deflections across cracks in the
continuous sections were small, with load transfer ratios ranging from 45
percent to an optimum 50 percent for all loadings involved. The relative
deflections across cracks, and the percentage deflection increase at cracks -
over points between cracks for the short, intermediate, and long slab seg-
ments were essentially the same.
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TEST AREA NO, 7
Bar Mat Reinforcement

DEFLECTOMETER LOCATION

x ¢

S Q 5

o o <

G 3] 3]
*

o - - -
DIy D2, | ,D3 oD%
lqﬁ "“7IL§”L.~ 'l.u,../ " et 30 - 6" ;I B 3‘ - 6”‘

LOAD DEFLECTION DATA

. Trial Trial { Trial | Trial
Location 1 o 5 4 Avg
D1 0.019 0.019 0.018 0.019 0.019
D2 0.020 0.020 0.020 0.020 0.020
D3 0.019 0.019 0.019 0.019 0.019
D4 0.016 0.016 0.016 0.016 0.016

*Crack Opening ~ 0, 028

Tigure 53. Deflectometer locations and de-
flection data for Test Area No. 7, Sta. 1007+25
eastbound roadway.
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Figure 56. Steel samples showing the first four stages of corrosion,
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REINFORCEMENT CONDITION

To maintain the continuity of a continuously reinforced pavement for
its design life it isnecessary that the reinforcing steel remain structurally
sound. As previously mentioned, steel removed from repairs performed
in 1962 was--insome cases--excessively corrodedat crack locations., Al-
though the corrosion had occurred at wide cracks within the failed area, it
generated concernas tothe conditionof the steelat cracks of normal width.
As a result several cores have been taken periodically for the purpose of
checking the condition of the steel. A set of twclve cores were taken in
1963, gix in 1966, and eight in 1968 through typical cracks throughout the
experimental pavement. Periodic coring will be continued to monitor the
condition of the steel reinforcement.

Unfortunately it is difficult to developa meaningful procedure for deter-
mining the degree and effect of corrosion that has occurred on reinforcing
steel. In an attempt to establish congistency for rating and comparing the
corrogion attack the corrosion scale given below was devised. Samples of
plain wires removed from cores are shown in Figure 56 to illustrate the
different indices of corrosion. These samples were wire brushed hefore
photographing.

Corrosion Scale

Index Definition

have occurred.

1 No corrosion, Discoloration of the surface of the bar may

2 Mild corrosion., Scattered minute pitting of the bhar surface.

3 Moderate corrosion. Concentrated pitting of the bar sur-
face with pit depths up to approximately 1/32 in., and/or
the beginning of slight uniform reduction of the bar diameter.

4 Severe corrosion. Concentrated pitting of the bar surface
with pit depths greater than approximately 1/32 in., and/or
uniform reduction of the bar diameter up to approximately
25 percent.

5 Critical corrosion. Deep concentrated pitting of the bar |
“surface, and/or uniform reduction of thebar diameter from
over approximately 25 percent to failure of the bar.
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TABLE &

.CORROSION CONDITION OF REINFORCEMENT

Crack Crack Crack
Date Spacing | Reinforcement | Core | Width at Width at Corrosion
Cored Interval, Type No. | Burface Steel Index
ft
) 3 . 070 . 020 3
Bar Mat 9 .050 . 010 2
8-12
Mesh 6 . 045 . 015 2
i 12 . 045 . 010 2
1 . 045 . 015 2
Bar Mat 8  .025 . 010 2
September 3.8
1963 Mesh 4 . 035 . 020 4
10 . 025 . 015 4
7 . 015 . 010 2
Bar Mat 9 005 L 1
1-3 Mesh 5  .025 .010 3
N 11 . 010 . 010 4
3 . 040 . 013 2
Bar Mat 4 . 033 . 009 2
I\/Ilz;%csh 8-15 6 . 037 .. 008 2
1 . 028 . 008 2
Mesh 2 . 048 . 010 1
5 . 052 . 009 2
5 .047 . 015 3
) 6 . 043 Not measured 2
Bar Mat 7 . 068 Not measured 2
N . . 005
I\ligégh 715 8 0456 05 1
1 . 048 Not:neasured 3
2 . 0565 .010 3
Mesh 3 . 047 Not measured 1
4 . 055 . 008 1
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The corrosive condition of the three sets of steel samples obtained
from the sample cores is given in Table 5 along with adjacent crack spacing
in the area cored, width of crack at surface, and crack width at the gteel.
Each steel sample was rated independently by three different persons.
Since the rating scale is subject to interpretation the three ratings did not
agree in-all cases. Eleven samples were given the same index and for the
remaining 156 samples two of the three observers were in agreement. Tor
these samples the index number given in the table is that which was assigned
by the two observers.

From the Table itis evident that corrosion of the steel does exist, but
it is encouraging to note that apparvently there has been little increase in
the rate or degree of corrosion since 1963. Threc of the samples removed
after ten years showed no corrosion, two exhibited minute pitting and three
had concentrated pitting at the crack location. These limited data presented
are insufficient to make any predictions as to the length of time the rein-
forcement will continue to perform its function. However, on the basis of
the 10 year condition as determined by the samples taken, it appears that
it would be several years before reinforcement failure due to corrosion
would take place.

FAILURE AND RE PAIR

During the ten-year period since construction of the experimental pave-
ment a total of 15 failures have occurred. Thirteen of these failures were
in the continuously reinforced sections and two in the standard pavement
section. The location and type of reinforcement at each repair area are
given in Table 6.

Repairs to re-egtablish the continuity of the pavement were made in
Areas 1 through 5 in May 1962, in Areas 6 through 10 in September 1963,
in Areas 11 through 13 in October 1865, and in Areas 14 and 15 in June
1968. Tigure 57 illustrates a typical failure ineach reinforcement type of
the continuously reinforced sections,

Before a failure was repaired, cores were taken through the distressed
pavement; and during repair, portions of the slab to be replaced were care~
fully removed in order to determine the cause of failure. As a result, the
causes of each failure were determined and are discussed as follows:
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Bar mat reinforced section,
eastbound,

Plain welded wire mesh reinforced sec-
tion. Sta. 1045+40 westhound.

Plain welded wire megh reinforced sec-
tion., Sta. 1071+90 wegsthound.

Plain welded wire mesh reinforced sec-
tion, Sta. 1070425 westbound.

L

Figure 57, Typical failure conditions in continuously reinforced pavement
sections.
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TABLE 6

PAVEMENT FAILURES DURING THE TEN-YEAR OBSERVATION PERIOD

Ares Station Roadway Lane Reinforcement
No. Type
1 1071480  Westbound =~ Traffic & Passing  Plain welded wire mesh
2 1045+70  Westhound Traffic Plain welded wire mesh
3 87580  Eastbound Traffic & YPasging  Plain welded wire mesh
4 1017+03  Eastbound Traffic & Passing Deformed bar mat
5 1044+66 Yastbouud Traffic & Pagging Deformed bar mat
6% 1071+90 Weathound Traffic Plain welded wire mesh
7 1045+40  Westhound Traffic & Pasging  Plain welded wire mesh
8 976+87  Fastbound Traffic & Pagsing Standard mesh
9 990+82  Iasthound Traffic & Passing Standard mesh
10*  1044+66 Eastbound Traffic Deformed bar mat
11 1046+00  Westhound Treaffic Plain welded wire mesh
12 1070+25  Westbound Traffic & Passing Plain welded wire mesh
13 936+72  Eastbound Traffic & Passing  Plain welded wire mesh
14 ~1000+80 Westhound Traffic & Passing  Plain welded wire mesh
156 1001+70 = Westbound Traffic & Passing  Plain welded wire mesh

* The failures at area 6 and 10 occurred in previously repaired areas.

Bar Mat Failures

- Two failures (Areas 4 and 5) occurred in the first reinforcement lap
following a transverse construction joint and were caused by poor congoli-
dation of concrete in the area and a digcontinuity inthe steel reinforcement
(the reinforcement mats had inadvertently been placed 2 in. apart in the
vertical plane of the lap). As a result of the concrete being poorly con-
golidated and the reinforcement discontinuity, unusually wide cracks devel-
oped in these areas shovtly after constyuction. Severe spalling along the
cracks required periodic patching with bitwninous cold patch material until
the distressed pavement wasg replaced.

The third failure (Area 10) occurred inthe replaced traffic lane pave-
ment at Area 4 duringthe first night after concrete pouring. It was caused
by iasufficient bond development in the reinforcement steel splice and re-
sulted in the formation of a wide single crack near the center of the rein-
forcement lap.

Plaia Welded Wire Mesgh Failures

Eight failures in the sections containing this type of reinforcement oc-
curred at laps. These fajlures resulted from an insufficient lap length and
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are characterized by either one or hoth of the two types of failures shown
in Figure 58, and described as follows:

Type 1 Fajlure is characterized by a vertical crackextending from the slab
surface to the depth of the reinforcing steel; then by a horizontal crack or
separation of the concrete hetween the steel mats to the end of the lower
mat, where a vertical crack extends to the hottom of the slab. Because of
the insufficient lap the bond resistance of the plain wire is broken and move~
ment is possible as shown in Figure 58, Poor consolidation of the two
concrete layers, as was observed in the areas where this type of failure
existed, facilitates the formation of the horizontal crackat the steel level.

Type 2 Failure is distinguished by a veriioal crack extending the full depth
of the slab through a section at the end of the mat lap. The weld at the
crosswire counection in the lap fails as well as the bond along the longi- -
tudinal steel extending through the vertical failure crack; the slab is then
free to move (Fig. 58). Cores taken in the slab at sections through the
failed crosswire connection indicate that the presence of moisture causes
rusting of the reinforcement steel in the weld area, which undoubtedly in-
creases the possibility of weld failure. Poor consolidation between the two
concrete Jayers in the lap area apparently allows moisture to progress
along thig plane as water seeps down through the vertical crack. Improper
welding or rusting of welds causes some of the cross-wire connections to
fail before the maximum forces induced by shrinkage and temperature are
developed. As a result, the stress normally taken by the failed welds is
transferred to the remaining cross wire counections, causing them to be
overstressed and a vvoproncive failure ccevra across the slab,

A brief description of each failure follows:

Area 1 - The failure crack originated at the outer edge of the traffic lane
and it was found that a Type 2 failure had occurred in the outer 8 {t of this
lane whereas the inner 4 ft had failed inthe manner described fora Type 1
failure. In the passing lane the reinforcement had fractured at the failure
crack, This steel fracture resulted from increased stresgs induced in the
steel because the traffic lane wag ineffective in resisting tensile forces.
The steel was heavily rusted at the point of failure, indicating that corrosion
had weakened the reinforcement prior to complete failure.

Area 2 -~ The failure was confined to the traffic lane and was categorizedas -
a Type 2 failure. Extremely poor consolidation of the two concrete layers
inthe lap areawas noted; thus, moisture entering throughthe vertical crack
would have had easy access to the crosswire welds, which undoubtedly in-
creased the possibility of weld failure by rusting of the steel,
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Area 3 - A Type 1 failure was obsorvcd tohave occurredin the traffic lane,
where the failure crack originated. In the passing lane seven longitudinal
wires had fractured completely. Fourteen wires near the original point of
failure were severely corroded and the remaining 25 wires inthe matwere
rusted to a lesser extent. :

Area 6 - The failure occurred in the May 1962 traffic lane repair patch
(Aloa L) A wide single crack developed in the center area of the patch
during the night after concrete pouring, indicating that the bond strength
of the reinforcement lap at this location did not bave sufficient capacity to
resist the ensuing tensile forces induced in the slab by shrinkage and de-
creasing temperature,

Area 7 - In the width comprising the first 17 longitudinal wires from the
traffic lane edge a Type 1 failure had occurred. At the passing lane edge
21 wires had {ractured at the failure crack. Although 12 wires in the re-
maining width of the roadway had fractured, it appeared that the failure in
this area was a Type 2 failure.

Area 12 - Except for 14 wires fractured in the cen‘uer of the passing lane,
failure was charactérized as a Type 1 failure. 1t appeared that the traffic
lane and part of the passing lane failed in this marmer first, causing over-
stressing of the steel in the center portion of the pagsing lane. As a re-
sult, these steel wires eventually fractured.

Area 14 - From the surface appearance of the distressed area and from
coring through the crack, it was determined that a Type 1 failure had oc-
curred in both lanes. During removal of the failed area it was noted that
the concrete had not been sufficiently consolidated to obtain satisfactory
bond between the top and bottom pours.

Area 15 - At this location it was found that-a Type 2 failure had occurred
in both lanes. In addition to poorly consolidated concrete inhoth lanes, the
steel mats were placed 1 in. apart in the vertical plane of the lap.

At Station 1046+00 westbound roadway (Area 11) failure occurred in
the traffic lane as a result of the presence of a large clay ball in the con-
crete. Spalls developed around the clay pocket and periodic repair, first
with Embeco mortar and later with bituminous material, was required until
repair with concrete was made in 1965. There was no break in the steel
continuity at this location, but a few wires in the clay ball area had rusted
through. '
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A blow-up occurred on June 27, 1965 at the construction 1omt located
at Station 836+92 eastbound roadway (Areal3). Based onevidence gathered
during repair, it was concluded that initial poor consolidation of the con-
crete on the morning side resulted in a plane~of-weskness along the steel
level, Moisture entermg through the joint, in addition to rusting the steel,
seeped into the poorly consolidated concrete and caused further weakening
and deterioration, The strength of the bottom concrete layer finally was
reduced to the point that it offered little reqlbiance to the induced com-
pressive forces and failure occurred. :

Standard Mesh Failures

The failure at Area 8 occurred at the third point of a 99-ft slab and
wag located almost directly over a 15 in. culvert. The reinforcement had
fractured in hoth lanes. Because the contraction joints on either side of
the failure were performing satisfactorily it appeared that loss of sub-
grade support rather than induced temperature and shrinkage stresses was
responsible for the failure. At Area 9 the failure occurred at the approx-
imate midpoint of the slab. The reinforcement had fractured inboth lanes.
The failure crack originated five months after construction of the pavement,
and subsequent settlement of the subgrade required mud-jacking of one end
in 1962. Stresses induced by volume change followed by loss of subgrade
support, resulted in this failure.

The causes of the failures in the continuously reinforced pavement sec-
tions indicate that good workmanship is of the utmost importance in con-
structing this type of pavement. It isalso apparent that the concrete vibra-
tion normally supplied by conventional paving equipment is not sufficient
to obtain satisfactory consolidation of the concrete when the slab is poured
in two lifts,

Repair Procedures

The basic requirement inreplacinga section of continuously reinforced
pavement is that continuity of the steel be maintained throughout the re-
placed area and the immediately adjacent original pavement. To insure
this, the end limits of the repair areas were set ata minimum of 3 ft from
a lap in the existing pavement so that 3 ft of reinforcement could be left
intact through the end limit at each end of a repair in order that the re-
placement steel could be securely lapped with the exis iting reinforcement.
Before establishing the limits of the avea to be replaced, the laps in the
reinforcement were located by taking cores through the failed pavement.
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At the end limits of the concrete area to be replaced, a-sawcut 1-1/2
"~ in. deep was made to provide a neat straight joint across the pavement.
The reinforcement was then expoged and cut 3 ft inside the sawed limits
and the freed center portionof the distressed slabwas broken and removed
by mechanical eduipment, In the areas where the existing reinforcement
was left intact the concrete was removed by use of air hammers and hand
tools. The longitudinal replacement steel consisted of No. 5 deformed bars
in the bar mat reinforcement section and No. 4 deformed bars in the wire
mesh reinforced sectiong. The bars were placed adjacent to and lapped 3 ft
with each existing bar or wire at each end of a repair patch. All trans-
verse steel was No. 3 deformed bars and was spaced at approximately 2-ft
centers. A high-early-strength transit-mixed concrete was used in the
repair patches. The concrete finishing operations were done by hand, and
the patches were allowed to cure for three days before being opened to
traffic.

When the continuity of a continuously reinforced roadway islost across -
its entire width, the free ends at the failure are subjected to relatively
large daily longitudinal movements due to temperature and moisture fluc-
tuations. As a result it is difficult to develop sufficient bond strength in
the lap joining the existing reinforcement and the replacement steel. In
cases where only one lane failg, repair experience indicates that the re-
maining lane is capable of resisting the normally expected daily tempera-
ture-induced tensile forces.

The May 1962 repair procedures required the replacement steel togpan
the full length of the patchand that each No. 5 replacement bar be welded to
an existing bar with 4 2-in. long flare groove welds equally spaced along
the 3 ft lap. The No. 4 bars used in the welded mesh repairs were to be
similarly welded but only three welds per bar were required. By specifying
welding of the laps the reliance on early hond strength development to re-
establish the continuity was eliminated. However, at two repairs where
both lanes had failed, the bars welded in place bowed up vertically when
unexpected hot weather occurred, and in order to return the steel to the
correct elevation hefore concrete pouring, it was cut in the center of the
patchand spliced. As previously mentioned, a large single crack developed
at the splice location in these two repairs, indicating bond failure of the
splice. Welding of the steel lap at the remaining locations was omitted
since only one lane had failed or was partially effective in resisting induced
forces. Instead the steel was only lapped for the 3-ft length at each end
of a patch. The bond strength of these laps coupled with the resistance to
movement of the other lane was sufficient to re-establish the continuity of
the pavement. '
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As a result of the experience gained from the 1962 repairg, the fol-
lowing procedure to be followed in repairing failures in the continuousgly
reinforced sections was recommended:

1. Where both lanes fail the replacement steel in the lane to be re-
paired is first welded tothe existing steel with two 1-in. {lare groove welds
per bar. The welding operation at oneend of the repair patch is postponed
until just prior to concrete pouring to minimize the effect of temperature
induced stresses. In the lane repaired last and at repairs where only one
lane has failed the replacement steel is lapped 3 ft with the ekisting rein~
forcement.

2. Concrete pouring should take place during the late evening hourg
from 8 p.m. to 12 p.m. to minimize the temperature drop in the cooling
cycle, and to give the concrete asix to eight hour cure before the concrete
goes into compression in the warming cycle of the following day. By ex-
ercising these precautions the pavement continuity at the aveas repaired in
1963, 1965, and 1968 werc established without difficulty.

The two failures in the standard pavement were repaired by removing
a 2-ft section and installing a standard contraction joint at each location.
These areas have since continued to function in a satisfactory manner.

RELATIVE COST

A comparison of the initial construction costs for continuously rein-
forced and jointed concrete pavement for eight yearly pericds when con-
tinuously reinforced pavement has beenbuilt in Michigan is given in Table 7.

As noted, the 1958 and 1961 costs are based on 9-in. uniform standard
pavement with a 99-ft joint spacing and 8-in. uniform continuously rein-
forced pavement with 0.6 percent steel. The 1964 through 1970 costs are
based on 10-in. uniform standard pavement with a 72-ft joint spacing and
9-in. uniform continuously reinforced pavement with 0,7 percent steel.

These yearly cost comparisons are based onthe jointed pavement that
was the standard at that time, and which was built in the same construction
zone where the continuously reinforced pavement projects were located.
The 19568 and 1961 construction seasons represent rural two-lane Interstate
construction, whereas the remaining years represent urban multiple~lane
Interstate construction located all in the Detroit area.

vl Qe



All costs include pavement reinforcement, joint construction and mate-
rial, anchor lugs, and wide-flange or multiple expansion joint relief sec-
tions. . '

Based on these cost comparisons, the initial construction cost of con-
tinuously reinforced concrete pavement has averaged about 26 percent
greater than standard jointed concrete pavement. It is also of interest to
note that the cost per lane mile of construction for either jointed or con-
tinuous pavement has rigen about 30 percent over the six-year period from
1965 through 1970, i

Unfortunately, a realistic economic comparison between these two
types of concrete pavement cannot be made since the total maintenance cost
per lane mile per year for maintenance of pavement ig not available and
there is no quantitative standard to which concrete pavements are continu-
ously maintained. It is of interest to note, however, that on two mainten-
ance contracts let in1970 for the removal and replacement of deteriorated
joints in 12 and 14 year old pavement, the cost per square yard ranged
from $25 to $35, or some three to four times the initial construction cost
for the same year.

TABLE 7
INITIAL PAVEMENT COST
1 Standard Pavernent CRC Pavement

Year - -
Lane Mile l 8q Yd Lane.]vl]le] 8q Yd
1958 $33,877 $4.82 $41,536 $ 5.90
1961 33,440 4,74 41,817 5,94
1964 45,196 6.42 52,026 7.38
1965 48,012 G.82 65,050 9.23
1967 65,970 7.95 71,808 10.20
1968 63,660 9.05 80,115 11.36
1969 64,910 9.21 79,341 11.33
1970 64,641 9.18 82,227 11.68

(1) 1958 and 1961 costs are based on 9-in. uniform
standard pavement with 99-ft joint spacing and
§-in. uniform CRC pavement with 0.6 percent
steel. '

1964-1970 costs are based on 10-in. uniform
standard pavement with 72-ft joint spacing and
9-in. uniform CRC pavement with 0.7 percent
steel,
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