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INTRODUCTION

The first continuously reinforced concrete
pavement (CRCP) was built by the Bureau of Public
Roads in 1921 near Washington, D. C., on the Columbia
Pike. In 1925, the Illinois Division of Highways used
a continuously reinforced pavement over a section of
peat bog. Another test road, which included  several
continuously reinforced test sections, was placed by the
Indiana State Highway Commission in cooperation with
the Bureau of Public Roads in 1938. Based on
performance of those initial test roads, considerable
interest was aroused in several highway departments, and:
additional  experimental CRC pavements were
constructed in Illinois and New Jersey in 1947 (1), in
California in 1949 (2), and in Texas in 1951 (3). By
1959, there had been about 100 miles (160 km) of
equivalent, two-lane pavement constructed using CRC
concepts. By 1969, the mileage of CRC pavement had
increased to over 5,000 miles (8,000 km), and an
increasing number of highway and airfield agencies were
adopting the CRC pavement as a standard or alternative
construction procedure (4 through 16).

CRCP IN KENTUCKY

Approximately 7.2 miles (115 km) or 29
lane-miles (46 lane-km) of continuously reinforced
concrete pavement were placed using slip-forms on 171
in Henry, Trimble, and Carroll Counties [I 71-2(15)37]
(Figure 1). Paving was completed there in late 1968
(17). The slab was 8 inches (203 mm) thick and
contained 0.677 percent longitudinal steel placed at a
nominal depth of 3 + 0.5 inches (76 = 13 mm) below
the surface. No. 5 deformed bars were spaced
transversely at 5.5 inches (140 mm). Two inner lanes
of mainline pavement extending 4.7 miles (7.6 km)
westbound on I 275 from I 75 in Boone and Kenton
Counties [I 275-9(23)8] were built in 1971; the outer
lane and Ramp H from I 75 southbound onto I 275
westbound were completed in 1972 (Figure 2). Other
ramps in the I 75 - I 275 junction were not studied.
No. 5 bars were used at intervals of 4.75 inches (121
mm) in the 9-inch (229-mm) slabs. This provided 0.677
percent longitudinal steel for both slab thicknesses.
Special provisions and standard drawings applicable to
these projects are included in the Appendix.

The minimum, expected, 28-day compressive
strength for pavement concrete was 3,500 psi (24 MPa),
and the minimum, expected, 28-day modulus of rupture
was 550 psi (3.8 MPa) when tested in accordance with
ASTM C 39 and ASTM C 78. The reinforcement could
be deformed steel bars, deformed bar mats, or welded
deformed wire fabric. The size, spacing, and laps were
indicated on the plans for a specific job. Wide-flange
beams and angles in terminal joints conformed to ASTM
A 36 and were galvanized after fabrication in accordance
with ASTM A 123.

Base and subgrade construction was the same as
for conventional pavements. Reinforcement could be
installed by pre-setting on chairs or continouous chair
bars or be depressed into the fresh concrete - that is,
except when slip-forming. Transverse bars could be
positioned either over or under the longitudinal bars,
provided that the position was not varied and that a
clearance of 3 * 0.5 inches (76 + 13 mm) from the
top of the pavement to the steel was maintained.
Concrete was placed in one lift. Finishing and curing
of CRC pavement were the same as for conventional
portland cement concrete construction. Transverse
construction joints were installed at the end of each
day's work, when work was terminated for 30 minutes
or more, or where the project terminated in a frée end.
At construction joints, longitudinal bars were required
to extend a minimum of 8 feet (2.4 m). Additional No.
5 bars, 3 feet (0.9 m) in length, were placed between
the longitudinal bars at the joints. Construction joints
were a minimum of 3 feet (0.9 m) beyond a lap, and
all laps were a minimum of 8 feet (2.4 m) beyond
construction joints. Terminal joints were a minimum of

125 feet (38 m) from any structure and were also
designated where the pavement abutted another
pavement. The terminal joint consisted of the necessary
excavation, the sleeper slab, and the wide-flange beam
and angle as then detailed in Standard Drawing

RPC-020.
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Figure 1. Location of I 71-2(15)37. Completed in December 1968; 7.198 Miles
(11.582 km), 8-inch (203-mm) Slab. Slip-Formed.




Figure 2.

«——— | 275 - 9(23) 8 —

Location of I 275-9(23)8. Extends 4.7 miles (7.6 km) Westward; Built
in 1971; Outer Lane and Ramp Were Completed in 1972; 9-inch

(229-mm) Slab.




PERFORMANCE

Crack surveys were made periodically on I 71 and
I 275 200 feet (61 m) in each 1,000 feet (305 m) were
sampled on I 71; 100 feet (30 m) in each 1,000 feet
(305 m) were sampled on I 275. Any crack, regardless
of size, was counted and recorded. The survey made
in July 1969 on I 71 gave an average interval of 5.78
feet (1.76 m) between cracks. In July 1970, another
survey was conducted, and the average interval between
cracks was 4.14 feet (1.26 m). There was a strong
tendency for cracks to occur at intervals at or between
25 and 5 feet (0.8 and 1.5 m).

The first cracking observed on I 275 was at a
regular interval of 30 feet (9.1 m) and occurred during
an onset of winter temperatures soon after construction.
Surveys of the mainline section of I 275 in February
1972 (4 months after construction) indicated a
dominant interval of 3 to 6 feet (0.9 to 1.8 m). By
October 1972 (1 year after construction), the dominant
interval had decreased to 2 to 5 feet (0.6 to 1.5 m).
The mature spacing of cracks on the mainline section
of 1 275 is shown in Figure 3.

Figure 3. Mature Spacing of Cracks on Mainline Section of I 275.
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: To develop a time-to-cracking relationship, surveys
of ramp sections of I 275 were begun immnediately after
construction (April 1972) and made at short time
intervals. Most of the cracking occurred within the first
-2 weeks after construction; this is shown in Figure 4.
The spacing between cracks on the ramps later in 1972
is given in Figure 5. \

Cores from the I-71 project approximately 3.5
years after construction showed that the cracks
extended through the full depth of the slab. The steel
showed slight traces of corrosion.

The crack patterns approaching the terminal joints
are obscured. In the July 1970 survey (I 71), there was
no apparent cracking in the first 85 feet (26 m) from
the beginning station (1742 + 50) and no obvious
cracking in the last 25 feet (8 m) approaching Station
1866. Several other end-situations existed within this
project, and all conformed more or less to this pattern.
Ends, of course, are free to expand and contract to some
extent.

PERCENT OF CRACKS

Figure 4.

Apparently, traffic had little influence on the crack
interval on I 275. The incidence of cracking in the
outside lane was slightly greater than in the two inside
lanes on the mainline.

The construction season and the early curing
temperatures may have affected early crack development
but had little or no affect on the ultimate crack
intervals. I 71 and the mainline inner lanes of I 275
were paved in the fall; the outer lane and a ramp on
I 275 were paved in early spring. The mainline inner
lanes of I 275 which were exposed to cold temperatures
at an early curing age first developed cracks at a regular
interval of about 30 feet (9 m); otherwise, the majority
of cracking occurred at an early age; and all pavements
seemed to reach an equilibrium in cracking after
approximately 1 year.

40 50 60 70 80 90
ELAPSED TIME (DAYS)

Spacing between Cracks in Relation to Time (Age. of Concrete); Ramp
Section, I 275, Westward from Southbound I 75.



Mature Spacing of
Southbound I 75.

Figure S. Cracks on Ramp

Section;

I 275, Westward from

OF CRACKS
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THEORIES OF CRACKING: PLAIN AND JOINTED
CONCRETE

Cracking of plain concrete pavements occurs when
contraction or distension creates forces equal to the
compressive or tensile strengths of the concrete. For
example, very young pavement concrete may crack
during the very first drying (and) or cooling, if the
conditions are critical. The resisting forces are due to
friction between the pavement and earth. According to
the frictional drag theory,

F = fw, I

where  F longitudinal drag force,

f = coefficient of friction between the
pavement and earth (usually equal
to unity), and

W = normal force (or weight of
pavement).

6 7 s 10
INTERVAL

W may be represented by an element of the body of
height, h, and width, w, having length, /, multiplied by
the density (unit weight), v, of the material. The force,
F, may be represented by ¢A, and A may be defined
as h x w. Thus,

ocxhxws= xhxwxlIxf 2

Tm
and

g = ypxl 3

For cracking to occur, o must be critical. Let Our
equal the modulus of rupture of the concrete -- say 600
psi (4.1 MPa); assume the density of the concrete to
be 144 Ibs/ft>, or 0.0833 lbsfin® (9.5 Mg/m°). Finally,

600 lbs = 0.0833 x 12 x 1/12,
600 lbs = 1 lb/lineal ft x I, or
! = 600 lineal feet (183 m).



It is seen that the tensile strength of the concrete
in pounds per square inch is equal to the length of
pavement in feet which can be mobilized (brought into
traction) in both directions about an assumed point
(cross section) of reference during contraction. The
natural interval between tension cracks, therefore, will
be approximately 2 /. There would be at least one crack
in each 1,200-feet (365-m) length of pavement. Usually,
critical drying-shrinkage or cooling occurs before the
concrete achieves ultimate strength. For instance, if new
concrete achieves 30 psi (0.2 MPa) tensile strength
during the first few hours and undergoes further drying
and cooling at night, there may be cracks at 60-feet
(18-m) intervals. This is a basis for spacing contraction
joints at 50 feet (15 m) or less and for sawing joints
before the concrete is 16 hours old. Figure 6 shows a
shrinkage crack which was well-controlled by a sawed

joint. Figure 7 shows a crack near a contraction joing
which was sawed too late or else the dowels were skewed
or were otherwise locked.

Concrete having a compressive strength of 3,000
psi (21 MPa) is capable of pushing 3,000 lineal feet (915
m) of pavement in both directions from a given point.
The normal interval between blowups or severely
crushed joints would be between 6,000 and 9,000 feet
(1,820 and 2,740 m) (considering compressive strength
to be 4,500 psi (31 MPa)) if there were no reductions
in cross-sectional bearing such as those made by sawed
joints. A 25-percent reduction in cross section would
shorten the interval to between 4,500 and 6,750 feet
(1370 and 2060 m). This is a basis for spacing expansion
joints approximately one-half mile (0.8 km) (or less)
apart.

Figure 6:

Normal Shrinkage Cracking, Well-controlled by Sawed Joint;
I 64, Louisville-Frankfort; Nov. 1965.



Figure 7.

Shrinkage Crack. Either the joint was Sawed too Late or the Dowel Bars

Locked or Froze (Misaligned).

It is seen that the ability of concrete to ""push’
is about 10 times greater than its ability to "pull", This
"push-pull” cycling is a daily and seasonal happening,
which may or may not involve freeze-thaw phenomena.
"Even apart from any freezing and thawing, push-pull
stresses are fatiguing if they exceed approximately 50
percent of their failure values. Fatigue is an insidious
type of failure which eventually becomes outwardly and
visibly manifested in cracks where the stresses have been
most concentrated. This type of deterioration has been
identified extensively with sawed- or
reduced-section-type joints and called '"D-cracking'' -
but has been mistakenly attributed, by others, to
unsound aggregate and to freeze-thaw actions (18, 19).

Whereas weakened-plane-type joints effectively
discipline the close-interval cracking due to contraction,
the pushing stresses accompanying temperature
exapnsion often exceed 50 percent of the critical
compressive stress. The thrust force borne by a cross
section reduced 25 percent intensifies the stress 1.33
times. Near-critical stresses cause severe fatigue damage.
Of course, critical stresses cause explosive shattering or
buckling. An increase of 100°F (56°C) in pavement
temperature suffices to generate severe compression in
a pavement.

8

Figure 8 shows a crack midway between
contraction joints which are 'frozen" or "locked". The
direction of traffic is from left to right. Faulting is
typically a drop-off. Figure 9 shows a sawed, doweled,
contraction joint which is also faulted slightly. Each of
these two cases illustrates a tendency to upthrust in the
forward direction. Progressive deterioration, such as
D-cracking, shattering, etc. is more likely to originate
at the sawed joint because the force bears on a reduced
cross section. The dowel holes in the concrete must have
enlarged somehow under the forces causing faulting.

Figure 10 shows upthrusting at a full-depth
concrete patch. The patch, there, is shaped like an
inverted T - that is, the granular base material was
removed from under the ends of the slabs, and the whole
cavity was refilled with concrete. Upthrusting is evident
at the joint between the edge of the slab and the
bituminous shoulder.

A cracking phenomenon not yet fully explained is
shown in Figure 11. The separation at the centerline
(groove sawed to one-fourth of slab thickness + 1/2 inch
(13 mm)) could not have happened unless accompanied
by failure of the tie bars. i



Figure 8. Crack Midway between Contraction Joints which Are Frozen or Locked.

Figure 9. Contraction Joint which 1s also Faulted Slightlly in One Lane.
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FATIGUE OF CONCRETE

Concrete may withstand an unlimited number of
applications of stress up to 50 percent ¢f its ultimate
strength -- some authorities say, up to 55 percent of
ultimate strength. From the standpoint of pavement
slabs, fatigue is usually inferred to mean overstressing
due to bending (flexure). Whereas bending due to live
loads and warping due to temperature are normally
considered in the design of pavement slabs, overstressing
(fatigue) in the axial direction due to thermal expansion
(compression) has not been regarded heretofore as being
significant to the performance of pavements.
Unfortunately, progressive deterioration at sawed joints
has been mistakenly attributed by others to
freezing-and-thawing and blamed on poor quality of
aggregate - under the name of D-cracking.

Strength of concrete varies somewhat with the
mode and rate of loading and with moisture conditions.
A given stress may be slightly more (or less, as the case
may be) fatiguing at some times than it is at others.
A stress near criticality at a given time and in given
conditions may cause catastrophic failure at another
time or under slightly different conditions. Nevertheless,
fatigue tests in the compression mode have yielded
typical S-N diagrams. Antrim and McLaughlin (20)
found good correlation between the stress S, expressed
as a percentage of compressive strength, and log N, the
number of load applications; their equation for
air-entrained concrete was as follows:

log N = 20.501 - 0.214 S. 4

It is interesting to note that when N = 1, S = 96; when
S is in the range of 50 to 55, N is large.

Fatigue damage generally progresses in three or
more stages: the first is insidious (or unseen) and
continues until a crack is found (crack initiation); the
second involves crack propagation through a subcritical
to a critical stage; the third stage is the final fracture.
The total fatigue life embraces all stages. As a matter
of historical interest to Kentucky, see Reference 21.

THE D-CRACKING PHENOMENON

Whereas some commentaries imply that the term
D-cracking in portland cement concrete pavements
merely alludes to an early, recognizable symptom of
deterioration usually associated with a joint or an edge,
others use the term more definitively: that is, to describe
D-shaped cracking patterns conjunctive to a joint or
edge.

From the mid-1920's until the late-1940's, both
expansion and contraction joints were considered to be
necessary to the satisfactory performance of concrete
pavements. Several experimental pavements were built
without any joints; the natural intervals of cracking were

about 50 feet (15 m) when the concrete contained
limestone aggregates and less than 50 feet (15 m) when
the aggregate was gravel. The cracking was adjudged to
be due, principally, to shrinkage and thermal
contraction. Current practices for spacing contraction
joints evolved from those experiments. The conception
of a contraction joint was a reduced cross section, with
or without dowel bars. The depth of the saw cut became
D/4 + 1/4 inch (6.3 mm), where D is the thickness of
the slab. The thinking was that expansion would
somehow take care of itself. Prior history indicated that
expansion joints did not prevent blowups. The joints
filled with incompressible material and ceased to
function, anyhow. Wooley, 1945 (22), credited this
explanation to Griffin, 1943 (23).

Whereas the experimental pavements without joints
contracted and cracked, thermal expansion and closure
brought the total cross section into bearing. On the
other hand, the sawed contraction joint reduced the
bearing area and consequently intensified bearing
stresses 1.38 times.

Assuming the coefficient of thermal expansion of
concrete to be 5.5 x 100 per degree F (9.9 x 10
per degree C), and the modulus of elasticity to be 5
x 10° psi (34.5 GPa), the stress rise, when fully
constrained, would be: Cg AT Eg, or 2,750 psi (19.0
MPa). The stress concentrated on the bearing area would
be 2,750 x 1.38, or nearly 3,800 psi (26.2 MPa).
Normally, pavement concrete is required to have a
compressive strength of 3,500 psi (24.1 MPa).
Fortunately, most concrete exceeds the strength
specified; fortunately, too, the concrete is not fully
constrained unless the contraction joints have become
filled. Nevertheless, it seems evident that thermal
stressing can approach the compressive strength of the
concrete at typical contraction joints, Blowups observed
have occurred at joints -- not in the slab itself. Blowups
most likely occur at joints where the concrete is the

weakest.

Others (18, 19) have attributed D-cracking at joints
principally to freezing and thawing - and, therefore, to
qualities of aggregates. This theory is based on the
presence of disintegrated concrete under the joint
together with the apparent tendency for the
deterioration to begin at the bottom and progress
upward. Several observations seem to conflict with this
theory. For instance, in no case excavated and examined
was there any comparable deterioration at the pavement
edge or any unsoundness elsewhere in the slabs. On the
other hand, there were overwhelming evidences of
diagonal shear and near-horizontal splitting of the slabs
(24). Severe D-cracking on an airport apron is shown
in Figure 12. Elsewhere, cracking and shear occurred
at all joints, regardless of direction, and enlarged at
corners; this is illustrated in Figure 13.

11



Figure 12.  Severe D-Cracking; Airport Apron.

Figure 13. Deterioration at Interior Corners: Airport Apron.
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It is hypothesized, here, that the principal
mechanism of deterioration of these situations is
overstressing of the bearing area at the joint. The
principal thrust is generated by thermal expansion; the
eccentricity or direction of the thrust at the bearing
surface determines the mode or angle of failure. Warping
of the slab or intrusions into the joint may cause uneven
bearing. Fatigue is believed to be a contributory cause.
Indeed, cracking and deterioration tends to begin at the
bottom and is insidious in that way. Fatigued and
fractured concrete may be affected by freezing and
thawing; however, freezing and thawing is not an
essential part of the mechanism hypothesized.

Contraction joints should not be sawed (should not
have a reduced cross section); they should consist of
a parting or a non-adhering separating panel extending
full depth and width and should have dowel bars. This
type of joint may be kept in a compressed condition,
or nearly so, by the proper design of expansion joints
or dual-purpose contraction-expansion joints. The
compression material in the joint should provide enough
resistancetto closure to push back and restore several
slabs in each direction, from a given joints, to their
equilibrium or 'null" position. Limiting the
back-pressure of the joint filler to approximately SO
percent of the compressive strength of the concrete
would avoid unnecessary overstressing and fatigue of the
concrete.

THEORIES OF CRACKING: CONTINUOUSLY
REINFORCED CONCRETE PAVEMENTS

Cracking of continuously reinforced pavements has
not been fully explained heretofore. There is a pattern
or regular interval of cracking which is characteristic of
the first cool-down after the maximum heat of
hydration has passed. This interval may range between
30 and 60 feet (9 and 18 m) and may occur within
24 hours after construction. A second pattern appears
during the first significant rise in temperature during or
after curing. This interval depends on the strength of
the concrete at the time and the percentage of steel.
This interval generally ranges between 2 and 6 feet (0.6
and 2 m). A third pattern develops in the end zone
-- that is, from the very ends of the concrete and steel
inward and into the slab. To the unaided eye, it may
appear that the distance to the first crack is 50 to 100
feet (15 to 30 m). Close inspection affirms the presence
of close-spaced (2 to 6 feet (0.6 to 2 m)) cracking as
found farther inward and more remote from the end.
The mechanism by which these cracks are obscured
there, but revealed elsewhere, is explained by the
so-called drag theory and yielding of the steel.

Rising-Temperature Theory

For a temperature change of AT, the steel is
strained CAT, where Cg is the coefficient of thermal
expansion of steel. Likewise, the strain in the concrete
is C.AT, where C is the coefficient of expansion of
concrete. Assuming continuity of strains,

CAT + Ao Eg = CAT + AoyfE, 5

where E_ and E_ are the moduli of elasticity of steel
and concrete, respectively. For a balance of forces,

Agg = Do /Al 6
where Ag is the area of steel per unit of cross-sectional
area of pavement. Substituting Equation 6 into Equation

5 and integrating with respect to T, the stress rise per
unit length is found to be

Ao, = 1/[(/EGAg + (1/EQ] (C4- Cp)

(T, - Ty). 7

Using Equation 6, the stress rise in the steel is

AUS = IIE(AS/EC) + (I/Es)] (CS - Cc)r ]
(T, - Tp).

The total stress rise, g, can be found from
o = Ao OL, 9
where AL is the length of pavement under consideration.

Substituting Equation 9 into Equations 7 and 8 and
integrating with respect to L, it is found that

Lo = LC, - €)1 DAT, - T))]
kg + dEANGE ! 10

and

L = S, - G [T, - Ty)) AJJE,) +
(I/ES)S]US'C 2 - TPl A o

13



Equations 10 and 11 can be used to estimate L
for the following typical values. Whereas the extreme
range of cycling of pavement surface temperatures is
from -20°F to 145°F (-29°C to 63°C), the temperatures
at the depth of the steel range about 100°F (56°C)
between winter and summer. This value of T, - T is
used as an approximation of the effective, seasonal
change in temperature, Estimates of parameters are as
follows:

5.5 x 106/°F (9.9 x 100/°C),

C =

c, = 65 x 100°F (117 x 106/°C),
E, = 5 x 10% psi (34.5 GPa),

E, = 30 x 108 psi (206.8 GPa),

A = 0.00677, and

T,-T; = 100°F (56°C).

Recognizing that the distance between cracks may
approach 2L, it is found for concrete with a tensile
strength of 600 psi (4.1 MPa) that L, = 30.7 inches
(0.8 m). L. describes the condition for cracking of the
concrete; L describes the condition for yielding of the
steel. Both conditions are met, approximately
simultaneously, when AT = 100°F (56°C). It may be
noted that the maximum tensile force in the concrete
just balances the maximum extension force in the steel.
There is no historical basis for balancing these critical
forces or for pre-selecting the percentage of steel in this
way. Neither is there any historical basis for considering
the yield strength of deformed-bar reinforcing steel to
be 90,000 psi (620 MPa). Grade 40 or Grade 60 steel
surely would have yielded in the 600-psi (4.1-MPa)
concrete described above -- that is, 60,000 x 0.00677
= 406.2 psi (2.8 MPa). The analysis suggests that crack
- intervals typically should be 2.5 feet (0.8 m) or greater
but less than 5 feet (1.5 m). This compares favorably
with observed crack intervals. These intervals occurred
with about equal frequencies. The frequency graphs do,
in fact, appear to be truncated in a way suggesting the
existence of bi-modal trends.
Bond-Strength Analogy
The force in a steel bar at the yield point is g , A
To develop sufficient anchorage in concrete to ufilize
the full force of the bar without pulling out, the bar
would have to be embedded a length equal to about
40 diameters. To derive the bond strength needed, let

asyAs = ugxZZXx ls 12
where u bond strength needed (psi)

T DS/4IS,

z = gerimeter of bar (in.),

Ogy X "D%r = 1 x mDg, x I, and

D, = diameter of bar (in.).

14

is 60,000 psi (410 MPa), D_is 0.625
inch (16 nu)TLf]y, and [ is 40 diameters, p = 375 psi (2.6

When

MPa). When Osy = 90,000 psi (620 MPa), DS is 0.625
inch (1.6 mm),’and [ is 40 diameters, u = 625 psi (4.3
MPa). Forty diameters is a rule-of-thumb figure.
Contrarywise, the allowable bond stress is generally
taken to be 350 psi (2.4 MPa), which in the above case
could mobilize a stress of 56,000 psi (386 MPa) in the
No. 5 bar. Forty diameters of a No. 5 bar is 25 inches
(0.6 m).

This analogy implies that if a continuously
reinforced pavement were pre-cracked at intervals of 40
x D, and were floated and stretched -- that is, pulled
uniformly at the tendons, there would be a chance that
yielding of the steel and widening of cracks could occur
with great regularity. On the other hand, if the concrete
were not pre-cracked and the pavement were stretched
by pulling the steel, the steel (if capable of withstanding
a greater force than the concrete) would transfer force
into the concrete in relation to the depth of embedment.
The force in the external portion of the tendon would
equal the force in the internal portion of the tendon
plus the force in the concrete. The first crack may occur
at any point farther than i from each end. Further
stretching under the sustained force will induce cracks
at an eventual interval ranging between lS and 215,

The bond-strength  analogy  parallels the
rising-temperature theory described previously insofar as
crack spacing is concerned. The motivating force is more
readily visualized as arising from temperature distension
of the steel -- in which case no external force is required.
Bond strength, or resistance to slip, was called the "slip
modulus” by Shrader (25).

APPLICATION OF DRAG THEORY TO
CONTINUOUSLY REINFORCED PAVEMENTS
Before close-interval cracking occurs, any thermal
contraction, due to down-cooling, tends to shorten the
pavement. If the contration were free and unrestrained,
the steel would contract slightly more than the concrete;
and this tightening of the tendons would bring the
concrete into compression. A pavement resting on earth
resists expansion and contraction, as described before.
The drag resistance balances the combined tensile forces
in the steel and concrete until the stress rises in the
concrete to the critical level and the concrete cracks.
The steel may or may not have yielded when the
concrete cracks. When the concrete cracks, the forces
tend to transfer to the steel and to induce yielding in
the steel then and when further contraction ensues.



The length of pavement which generates a drag
force equal to the yield strength of the steel is

l(ft) = g x percent steel/100. 13

When de, = 60,000 psi (414 MPa) and percent
steel = 0.67);, then [ = 406.2 feet (104 m); when Ogy
= 90,000 psi (620 MPa), ! = 609.3 feet (186 m).

If the concrete is already cracked at close intervals,
as explained by rising-temperature situations, the steel
alone determines the distance from an end where the
drag forces cause yielding of the steel and widening of
the cracks. For mild steel, this would be about 400 feet
(120 m); for high-strength steel, this would be about
600 feet (185 m). This introduces an apparent mismatch
of logic inasmuch as the observed distance to the first
apparent crack has been in the order of 30 to 100 feet
(9 to 30 m). Beyond the first crack, the apparent
interval shortens progressively untjl the normal, short,
regular interval becornes established. However, the first
down-cooling or curing shrinkage may occur before
bond develops between the steel and concrete. For
instance, concrete having a ensile strength of 30 to 50
psi (0.2 to 0.35 MPa), would crack at 30- to 50-foot
(9- to 15-m) intervals and crack later at 2.5- to 6.0-foot
(0.8- to 1.8-m) intervals. Only the earliest shrinkage
cracks would be at all apparent to the observer -- and
they might be more so farther inward from the end.

Two mechanisms superimpose at the end. The
close-interval  cracking has been demonstrated
experimentally to be independent of position in a
pavement and to be dependent upon the characteristics
of the steel and concrete.

Whereas the very first cracking may occur at
intervals of 30 to 50 feet (9 to 15 m) and whereas
close-spaced cracking must await the development of
nearly full strength of the concrete and a critical rise
in temperature, close-spaced cracks will not be readily
apparent near the end of the slab. However, if the
tendons at the end of a slab were pulled, the interval
between cracks would be close-spaced; but the crack
width would be greatest nearest the end and would
diminish farther inward into the slab and as drag
resistance rises in proportion to distance.

BUCKLING
Thermal compression in a pavement occurs when

the temperature rises and when free expansion is not
permitted because of natural or imposed constraints.
Constraints may be partial or complete. The actual
distension or elongation together with any further
elongation which would occur upon removal of any
constraints is equal to the free expansion. That portion
of the expansion which would occur if constraints were
removed is virtual expansion, and that portion of the
strain is virtual strain. The product of this strain and
the modulus of elasticity is stress.

A plain concrete pavement undergoing a 100°F
(56°C) rise would have a free expansion of about 3 feet
(5.5 x 10 x 100°F x 5,280) per mile (0.57 m per
km). If completely constrained, the stress rise would be
about 2,750 psi (19 MPa) - that is, 5.5 x 10® x 100°F

x5 x 106. Indeed, this stress rise alone is likely to
exceed 50 percent of the compressive strength of the
concrete and is, therefore, fatiguing to the concrete.
Extreme effects at points of weakness and(or) reduced
sections have been described previously. An overthrust
of 3 feet (0.9 m) or an upthrust or arching of slabs
could occur. This is a form of buckling.

A continuous strand of reinforcing steel undergoing
a 100°F (56°C) rise would have a free expansion of
3.4 feet (6.5 x 10 x 100°F x 5,280) per mile (0.6
m per km) -- that is, approximately 0.4 feet per mile
(76 mm per km) greater than the expansion of concrete.
S-shaped bends or laps of several inches (mm) have been
noted in instances where continuously reinforced
pavements have blown up or shattered.

Partial-width patches, especially those made with
bituminous concrete, tend to invite buckling and
blowups to occur later. This is illustrated in Figure 14.
Perhaps it would be more appropriate to state that any
reduction in cross section or bearing area of the cross
section, such as may be caused by deterioration and
removal of concrete and the concentration of
compressive forces onto the remaining area may lead
to blowups or buckling. Partial-width patching,
therefore, should include a compression relief joint
extending the full width of the pavement. Figures 14
and 15, reprinted from the Madison Courier, May 21,
1977, shows a case which evolved from a previous
partial-width patch in the outer edge of the pavement.
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Figure 14, Blowups or Buckling at Partial-Width Patch; I 71, near Carrollton
(Madison Courier; May 21, 1977).

Figure 15. Different View of Failure Shown in Figure 14 (Madison Courier; May
21, 1977).
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SIMULATIONS

Inasmuch as the theory attributing close-spaced
cracking in continuously reinforced concrete to the
greater thermal expansion of the steel seemed to evoke
disbelief when first proffered (26, a demonstration was
designed to induce cracking without applying external
force. First, a beam, 4 inches by 4 inches by 12 feet
(100 mm by 100 mm by 3.6 m) was cast about a No.
3 re-bar (Grade 40, fy = 50,900 psi (351 MPa)) (Figure
16) and cured until strengths of 703 psi (0.485 MPa)
and 4,931 psi (3.4 MPa.) were reached in tension and
in compression. The beam was enveloped and warmed
by heated air. To monitor temperatures, cracking of
concrete, yielding of steel, or mere slip, thermocouples
were installed in the concrete at various depths; and
Dunegan acoustic emission instrumentation was attached
to the steel and concrete. The warming proceeded slowly
to about 180°F (82°C), and only weak emissions were
detected. Later, the re-bar was heated electrically by
attaching arch-welding equipment to the exposed ends
of the re-bar. It was found that 250 to 300 amperes
produced a rate of heating which would achieve 180°F
(82°C) in less than an hour. The heating produced
intensive emissions at times from detectors mounted on
the steel and mild outbursts from the concrete. The
cracks are lined in black in Figure 17, Beam 1.

A second beam was made using Grade 60 steel (f.
= 67,727 psi (466 MPa)). When heated to about 180°F
(82°C) the steel emitted very little "noise;" but the
concrete had emitted several mild outbursts (see Figure
17, Beam 2). It appeared that the steel had yielded in
the first beam but not in the second. This also appeared
to be so from the standpoint of the strength of the
concrete and f, of the steel.

To further demonstrate the yielding situation, a
third beam 4 inches by 6 inches by 12 feet (100 mm

_by 150 mm by 3.6 m) containing a 3/8-inch (9.5-mm),
Grade 60 bar was made and tested as before. Strong
outbursts of "noise" from the steel were again related
to yielding of the steel; and milder noises were related
to cracking of the concrete. The spacing of the cracks
was as shown in Figure 17, Beam 3. Attenuations of
noise rates correspond to relief of stress in the steel by
cracking of the concrete. In the test in which the steel
yielded, some 28,000 acoustic emission counts were

recorded. The maximum re-bar temperature was 160°F
(71°C). In the test which precluded yielding, only about
9,000 acoustic emission counts were recorded, though
the maximum test temperature of the steel was 210°F
(99°C). Subsequent acoustic emission tests on concrete
beams and cylinders revealed that the quantity of
acoustic emission from fracturing concrete depends on
the strength and mode of loading. The results indicate
that concrete is probably not a high emitter. Therefore,
the major source of acoustic emissions in these tests was
the reinforcing steel.

IMPLICATIONS FROM THEORIES
Deteriorations as witnessed and explained by the
mechanisms or theories advanced here are not directly

‘associated with live load, traffic, or use of the pavement.

It is implied that the cracking would have occurred even
if there had been no hauling or travelling on the
pavement. It is implied, moreover, that there are defects
in design concepts -- which, if corrected, would surely
extend the life and efficiency of concrete pavements
generally and would yield service to the user on a better
investment-recovery basis.

Beam action is severely reduced by close-spaced
cracking. The short slabs tend to rotate when the load
is over a crack; the steel undoubtedly provides some
hinge action unless it becomes fatigued and is broken.
Bearing pressures beneath the pavement are greater when
the wheel loads are centered over the cracks.

Continuously reinforced pavements undergo
numerous push-pull cycles; the steel yields; and the
concrete fatigues. Buckling and blowups occur because
expansion joints are not provided at intervals of one-half
to three-quarters of a mile (0.8 to 1.2 km). To prevent
close-spaced cracking, the steel would have to be
smooth, lubricated bars. The bars might be threaded at
the ends and be snugged by nuts when the curing
temperature is highest. Snugging again after significant
strength gain and at summer-high temperatures would
bring the tendons into tension upon cooling and tend
to reduce contraction cracking to some degree. The slab
length, from this point of view, probably should not
exceed 800 to 1,000 feet (240 to 300 m).
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Figure 16. Test Specimen; Beam Used to Simulate Crackling Conditions in
Reinforced Concrete.

i
P

Figure 17. Test Beams Showing Cracks (Lined) Induced by Warming Reinforcing
Steel (by Resistance Heating).
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KENTUCKY DEPARTMENT OF HIGHWAYS
SPECIAL PROVISION NO, 6_3-B
CONTINUOUSLY REINFORCED CONCRETE PAVEMENT

This Special Provision shall be applicable only when indicated in the plans or proposal; and shall supersade all conflicting
requirements of the Department's Standard Specifications for Road and Bridge Construction, other Special Provisions,
the plans, and the Standard Drawings. Article and Section references herein are to the Department's 1965 Slandard

Specifications.

1. DESCRIPTION

*This work shall consist of a continuously reinforced
portland cement concrete pavement, constructed on a pre-
pared base of dense-graded aggregate in conformity with
the established line, grade, thickness, and typical cross-
sections shown on the plans and in accordance with Section
307, and applicable current Special Provisions, and
St.andard Drawings, except as modified herein,

11. MATERIALS

A!l materials incorporated into the work shall be
sampled and tested in accordance with the Department's
Manual of Field Sampling and Testing Practices, except
that the reinforcing steel may be sampled and tested at
any time or place, either prior to or after delivery to the
project, at the option of the Department.

In addition to the requirements of Article 307.2.0
and current applicable Special Provisions, various ma-
terials shall comply with the following requirements.

A. Requirements,

l. Coarse Aggrepate. The coarse aggregate
shall be Size No. 57.

2. PReinforcing Steel. The reinforcing steel
shall consist of deformed steel bars or bar mats, or
welded deformed wire fabric. The type selected shall be
used throughout the entire length of the project. The
length of the pieces of longitudinal reinforcing steel shall
be 16 feet or more. The size, spacing, and laps shall be
as indicated in the plans and herein,

If bar mats or sheets of wire fabric are used as
the rcinforcing steel, the Contractor may install deformed
bars as tre reinforcement in tapered portions of ramps
and other irregularly shaped areas in order to avoid cut-
ting the rmats or sheets. If the deformed bars are used in
portions nf the irregularly shaped areas, they shall be
lapped a riinimum of 24’ with the mats or sheets and
securely tied as directed by the Engineer,

a. Deformed Steel Reinforcing Bars.
Deformed bars for longitudinal reinfarcermient shall be
Grade 60 .:.onforming to one of the following specifications.

(1) Billet Steel Bars ASTM A615
(2) Rail Steel Bars ASTM A6l6
(3) Axle Steel Bars ASTM A6117

{Transv-erse bars may be either Grade 40 or Grade 60
conforming to the above specifications. )

Where the tie bars are be:nt back and subsequent-
ly straightened in the construction of partial-width pave-
ment and field bending is required, the tie bars shall be
Grade 40 <leformed billet steel or axle steel.

b. Bar Mats, Bar mats shall conform
to ASTM A184 with the following restriction : The mats
shall be fabricated by welding suitable Grade 60 deformed
steel bars. (Transverse bars may be either Grade 40
or Grade €0.)

<. Welded Deformed Steel Wire Fabric.
VWelded deformed steel wire fabric for concrete reinforce-
ment shall conform to the requirements of ASTM A497;
except that all wire used in the fabric shall conformto
ASTM A496.

3, Terminai Joint Steel. The wide flange
beam and the angle used in the terminal joint shall con-
form to ASTM A36 and shall be galvani zed after {abri-
cation in accordance with ASTM AlzZ3,

III.  CONSTRUCTION METHODS

The construction of the continuously reinforced pave-
ment shall conform to the requirements of Article 30)7.3.0
and of current app)itable Special Prc.visions, except as
provided herein.

A. Placement of Reinforceraent. At the time con-
crete is placed, the reinforcement shall be free from
loose-thick rusi, dirt, oil, grease, paint, or other coal-
ings that would materially reduce the bond and shall be -
handled with such care that bar mats or fabri:: sheets; if
used, will remain reasonably flat and free frem distortions.
Loose bars shall be free from all kinks or hands that pre-
vent them from being properly assemhled or installed.

Forms shall be oiled prier to placement of reinforcement.
The transvrerse steel bars may be positionéd either under or
over the longitudinal bars, provided that the position selected
is not deviated fron: and that the specified clvarance from the
top of the pavement to the steel is 1maintainesi.

Regardless of the mcthod of placemernt used, the
horizontal spacing tnlerances shall be 1/2 inch for the
longitudinal steel anrl 2 inches for the transverse steel,
These tolerances notwithstanding, the number of longi-
tudinal members for a given width of pavement and the
number of transversc members per station shall be as
shown on the plans.

Reinforcement may be installed by one «f the fol-
lowing methods: (1) pre-set on high chairs or continuous
high-chair bars or () placed by mechanical nveans, except
when slip-form paving is used.

Method 1. Reinforcement Pre-Set on H:'gh Chairs or

High-Chair Bars. The high chairs or high-chair bars
must be approved by the Engineer prior ta being used and
shall be manufactured to a constant height, wi‘h a maximum
variation of plus or minus 1/8 inch. The chairs or bars
shall have sufficient hearing area at their bas« s to prevent
overturning or penetration into the base. The' shall be
designed so as not to impede the placing and cngolidating
of the concrete.

The high chairs or high-chair bars shall be arranged
and spaced so that th» bottom bars of the reinfarcement
will be supported in the proper positions to prvvent perma-
nent deflection or'disnlacement from occurring: during the
placing and consolidating of the concrete. The longitudinal
spacing of either shall not exceed 4 feet, and t':c transverse
spacing of chairs shail not exceed 3 feet. Iligl-chair bars
shall not be set so cluse to any transverse bar as ‘o make
placing concrete through the space difficult. This is par-
ticularly important in lapped areas where there is a con-
centration of reinforcement. Welding of high chairs to
the longitudinal bars »nf the reinforcement will not be permitted.

The Contractor shall submit a sample of the high
chair or high-chair bar he proposes to furnish. The
chairs or bars ancl the laynut shall be subject to the ap-
proval of the Engincer. If the support system: coes not
maintain the reinforccinent in the position required by
these specifications during placing ancl finishiny of the
concrete, the Contractor will be required to increase the
number of supports or take such other steps as may be
required to assure proper position of the steel. When the
reinforcement consists of loosu bars assembled or. the
project, the longitudinal bars shall be secured to the trans-
verse bars by wirc ties or clips at the locations shown on
the plans. The spacing nf the bars shatl be mairzained
within the horizontal and vertical tolerances specified

herein and in the plans.
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Method 2. Reinforcement Placed by Mechanical

Means. The reinforcement shall be tied as shown
on the plans and as required by this Special Provision
prior to being deposited on the surface of the concrete.
The methods and equipment used to depress the reinforce-
ment into the concrete shall not weaken or otherwise alter
the concrete, or the laps, joints, or the tied intersections
of the longitudinal and the transverse bars.

The reinforcement shall be embedded to the proper
depth in the conc'rete by means of a machine approved by
the Engineer. ,Embedment of the reinforcing steel shall
be performed in such a manner that the concrete shall
show no segregation attributable to the embedment opera-
tion. The machine shall be operated in such a manner
that it does not drag the reinforcement.

If the machine shows any tendency to displace the
reinforcement longitudinally, the Contractor, with the
approval of the Engineer and at no additional cost to the
Department, shall (1) tie the laps more securely if it can
be demonstrated that this will prevent the displacement
and assure the proper lap, or (2) halt paving operations
until the machine is properly adjusted or another machine
is furnished which will operate in a satisfactory manner,
or (3) install the reinforcement by Method 1.

The machine shall be operated in such a manner that
the concrete will not be excessively vibrated or otherwise
manipulated. If the machine employs a grid-type depressor
which operates intermittently to depress and vibrate the
reinforcement, vibration shall be of the shortest duration
that will assure that the reinforcement reaches its
specified depth. When the machine embeds the reinforce-
ment progressively through the action of a series of
oscillating bars as the machine moves forward, oscilla-
tions shall be discontinued whenever the forward movement
of the machine is stopped.

B. Lap Splices in Reinforcing Steel. Reinforcing
bars, bar mats, or welded wire fabric used as continuous
reinforcement shall be lapped in a staggered pattern and
securely tied or otherwise fastened as shown on the plans,
unless the Engineer authorizes an increase or decrease in
the number of ties or fasteners.

C. Placement of Concrete. Concrete shall be
placed in one lift on the base and struck off to full depth by
the method prescribed by the Standard Specifications.

In the event the Contractor elects to construct the
continuously reinforced cement concrete pavement with a
slip-form paver as set out in the current Special Pro-
vision No. 39 for Slip-Form Paving, the pavement rein-
forcing steel shall be furnished and placed as described
herein, except the use of vibratory equipment for the
placing of such reinforcement will not be permitted.

The equipment used for consolidation shall include
approved vibratory equipment having the frequency and
intensity sufficient to satisfactorily vibrate and consolidate
the concrete for its full width. Additional consolidation
and vibration may be required at laps and shall be required
at terminal joints as directed by the Engineer.

D. Transverse Construction Joints. A trans-
verse construction joint shall be installed at the end of
each day's work or whenever paving operations are inter-
rupted for more than 30 minutes. The joint shall be formed
by placing the concrete against a split header approved by
the Engineer. The split header shall be set perpendicu-
larly to the centerline of the pavement. The longitudinal
reinforcing steel shall extend through the split header and
shall be properly supported from the subgrade beyond the
split header to prevent undue deflections.

The steel reinforcement which extends beyond the
split header shall be covered with sheets of plywood or
other material to permit workmen to walk on the steel
without displacing it and to prevent any concrete from
spilling on the base during the completion of the joint.

The construction joint shall be strengthened by the
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addition of supplementary deformed bars placed symmetri-
cally with the joint and at a uniform spacing along the joint
as shown on the plans.

No lap splices will be permitted within 8 feet beyond the
construction joint in the direction of paving, or within 3
feet back of the construction joint. Lap joints shall be
made at the locations and in the manner shown on the plans.

E. Terminal Joints. The terminal joints shall be con-
structed at the locatiéns and to the details shown on the
plans. The terminal joint shall consist of the necessary
excavation, the sleeper slab, the wide flange beam and
angle, and the bond breaker, etc. as detailed. The
portion of the sleeper slab on which the bond breaker is to
be placed shall be finished with a. metal finishing toolto a
smooth surface.

F. Final Finishing. The surface of the pavement
shall be finished in accordance with Article 307.3.10 of
the Standard Specifications. Extreme care shall be exer-
cised to prevent honeycomb. If necessary, internal vibra-
tion shall be employed adjacent to lapped bars to assure
proper consolidation.

Iv. METHOD OF MEASUREMENT

Continuously Reinforced Concrete Pavement will
be measured in the manner specified in Article 307.4.0

‘of the Standard Specifications.

Terminal joints for Continuously Reinforced Con-
crete Pavement will be measured in linear feet to the
nearest one foot of joint measured perpendicularly to the
centerline of the pavement as shown on the plans.

V. BASIS OF PAYMENT

Accepted continuously reinforced concrete pave-
ment will be paid for in accordance with Article 307.5.0
of the Standard Specifications at the contract unit price
per square yard for “Continuouslv Reinforced Concrete
Pavement."

Accepted terminal joints will be paid for at the
contract unit price per linear foot for '"Terminal Joint, "

-which payment shall be full compensation for all excava-

tion, materials, labor, and equipment necessary to com-
plete the joint.

APPROVED June 16, 1970

A D

A. O. NEISEg
STATE HIGHWAY ENGINEER




KENTUCKY DEPARTMENT OF HIGHWAYS

SPECIAL PROVISION NO. 39-C
SLIP-FORM PAVING

This Special Provision shall be applicable when indicated on the plans or in the proposal; and supersedes
any conflicting requirements of the Department's Standard Specifications for Road and Bridge Construction.
Section and Article references herein are to the Standard Specifications.

I. GENERAL

Except as otherwise provided herein, cement con-
crete pavements or bases shall be constructed in
accordance with the Standard Specifications, plans,
and standard Drawings. The pavemeéents or bases may
be constructed with the use of approved slip-form
pavers and approved complementary spreading and
finishing equipment in lieu of the spreading, con-
solidating and finishing equipment specified in
Section 307, except that "Belting" and "Final Fin-
ish with Burlap Drag" shall be required.

II. MATERIALS

The load-transfer assemblies shall be modified
at the ends to allow for approximately 4 inches of
clearance between the assemblies and the slip-forms
by welding the outer leqg of the chair at an angle
of approximately 90 degrees with the upper and
lower spacer bars.

The maximum slump of the concrete shall be 1%
inches, with a plus % inch tolerance being allowed.

III. CONSTRUCTION METHODS

A. Subgrade and Aggregate Base Coursse, The
subgrade and aggregate base course shall be con-
structed in accordance with all applicable require-
ments of Article 307.3.5, and a fine grading ma-
chine shall be required to prepare the proper grade
for the paving equipment to the accuracy necessary
to ensure that the finished concrete pavement or
base will be in conformity with the tolerances set
forth in the Standard specifications.

If any traffic is allowed to use the prepared
aggregate base course, the course shall be re-~
checked and corrected prior to placing the con-
crete.

B._ Paver. The slip-form paver shall be an ap-
proved self-propelled type designed to spread,
consolidate, and finish the concrete, in one com-
plete pass of the paver, in such a manner that a
minimum of hand finishing will be necessary. The
paver shall consolidate the concrete in a manner
so as to not damage or displace the load-transfer
devices and the steel reinforcement, and shall fin-
ish the concrete so as to produce a smooth, uni-
formly textured surface with the specified crown
and slope ready for the final finishing.

C.  Paving. The Contractor shall not operate a
mixing plant inside the area to be traversed by the
slip-form paver. The concrete shall be held to a
uniform consistency so that unacceptable slumping

will not occur at the edge of the pavement. The
paver shall be operated with as nearly a continu-
ous forward movement as possible, and, when for-
ward movement is stopped, the consolidating devices
of the paver shall be stopped immediately.

If the concrete is placed in two operations,
the width of the first placement may be reduced a
maximum of 3 inches on each side.

Methods approved by the Engineer shall be used
to construct longitudinal construction joints in
accordance with the standard Specifications, plans,
Standard Drawings, and as specified herein. Fixed
forms shall be used to prevent any slump from oc-
curring where the edge is to be abutted by subse-
quent pavement. The fixed forms shall be of ade-
quate length, depth, and thickness to protect and
maintain the pavement edge in correct alignment
and depth, and shall be staked firmly in place
with metal stakes. Where the edge is not to be
abutted by subsequent pavement, edge slump not in
excess of % inch will be permitted. Straightedge
tolerances as reguired in Article 307.3.12 shall
apply to that portion of the pavement bounded by
lines & inches from the edges of the pavement.

Edge slump will be measured with a 10-foot straight-
edge laid on the pavement perpendicular to the edge

The Contractor shall utilize proper and adequate
methods to prevent unacceptable slumping and to
correct unavoidable slumping of the pavement edges
due to all causes, in a manner approved by the
Engineer, and shall have available at all times,
the necessary materials, equipment, and labor to
provide immediate protection of the edges and sur-
face of the unhardened concrete against adverse
weather conditions.

When concrete is being placed adjacent to an
existing pavement, that part of the equipment
which is supported on the existing pavement shall
be equipped, or supplemented with approved protec-
tive materials, so as to not damage the surface
of the pavement and shall be positioned at a suf-
ficient distance from the edge of the existing
pavement to avoid damaging the edge.

APPROVED, :);,///fMAr /,Z LTFés

A. O. NEIBER
STATE HIGHWAY ENGINEER

A-3



¥
Y 3 H
: Che By L0 3 o] s
: i el (H 2 3 g AETE
R PORE . BH | LE R 3 .23 ge)5
3 Illllll’ il Té;‘, ‘t}gggf‘ 3E§§ ::*;E@ % k8 t-:,gg% s
g af || o0s8s B8 OR|&3ebis
e eiﬁiiﬁififﬂ"ﬂ%m%;;;mzz.'gaa,ﬂzﬁ* WNTHE Y
Ll e 5 s SR AR R
> il 58 = - £ zEua7 "aed g lalEOze AN F
e }Hﬂmuumnmm'q Il &5 3 35 3 89 148 3 CPENEEIES
! lllﬂnnnnlmu [ ililih-e & =g T on fay £ & 5295 (2
£ "IHHIJ!MH ezt 2] ¢ I wa e £ " H| 202K |3 P
5 S ﬂiinumrrrrrrr}lzl'l'um’ci 8% L] 825 2| 2lEEER R
3 & 1mu;w Dl s E3e 0Ty L2 P L g | 2i6 282
e GRS FLE R
g E L WA [~
ol ,mnmum e s oy U E iy :
S %HHH#H Al JMIHHH ;3': iy F gF 38 §g‘-\§§§ ""Ef s .
I HHI%‘H%HHI"‘H"'“F!‘I iiiiﬂ%H%{Hﬂﬂiﬂﬂﬁﬁuﬂ E s i
31 |11|1||mum|| T I[IIII!E!HIIIHIIIIIﬂiil w5 ] 3305038 fegs
= T i il Ui SITESRYS ORE:
!_l,mn1m.nr!!!”!’#”ﬁﬂﬂﬂiﬁ_ﬁﬂﬂiﬂﬂilﬂﬂ;’, 25 o2 géggﬁg §3§§
. A ey 1 982 1 M.L @ ;-3%'«5:&*5}«3 5 Side
mmuunuulumu,;qlnuummumnl TS = 2er Al s g S L
sellipmumpnis 8 B R L H e )
3 LY L 8 LT EL 4 PrOaSASE AT
& 3 s el 2 Phint ae
1 D N | I 1
& -t U Y SRl by
B3 cormgerny 3 SR 10 SEEREERATR
i3 NS RO §agh @5
kS \l wia
AN i Ll 33 E _wowmons E
I .llllllllllll!lllllll 5 : B = B
lmuunnumﬂlu S B N ‘ﬂ“* 5
HIHH!HJHM! f;iul {'#E}llllll,illllmilll ik 0 ] R s A ol
£ Illllllll!llllmlliliili TN 533 & 13 ¢ il 3
M e BE - afF £ ) L]
S lumﬂl ot PRt RS L
PE 3 i ; 2
IIJll!lllllllil!llillllll i, SR8 T f 3. 1 5
HET ) S0 8 S e R T 38 : T
liksse 3 HitmiE [ $ i %
5o =5 il i 3 il 9 <
‘;"E §§ ol i £ ol
/ ] ] ® H 2
------------------------- 4 958 n ? L 3 7
: mETE £ I g z
il i s 5 2 I H i :
3 EEES W o S S <
8 DYy L 4 A b T a4 £
h}"——‘“‘—-o-,»; ™ @ D 2 ™ W
v i‘]" dvytggzi«:ﬁva [+
E Al
FEI ot i
J!H;—";ﬂzh/ § 3-‘;{"? § f.:, é:'
ngln 8 5355 B is
it e a2 'E? 5 - E M 3
III1|IiIII1[IIIIIlIIEI T iy S E B _:‘ .&
s & 3 3 z 1R
,{53 Lph JE'N?J.’M pe‘.,u s 3 . L
M%% ? w3
pluEr: T s 2 ? L iE0
g g LTSN ﬁﬁ L 1 lllllllllnlilllllll [ = n
i ’E’c,-.g%’% 8 i & i it % s
e e W il S R L KO
! P i L il g o g
i it 3.@ Doy 5 [ 2 Sl i o g
TH ; i .gg 3&5% B m,}, lrrHﬂ' . N 3 «
% & !ﬁ ik 'I !imm' i §-h ?f“{:g 3 {Illll gllll] ‘.“d- 3 il 3 mp o
23 iHm il ﬁ” ik ' il 'Hl'}uimnmmmﬂ = ogRen ¥ HIIIlIIIl!IIIIII' -4 i | E o
£ L) ﬂx” I lLIIIIEIl I ' Illlmi T i §ud & Iulm 1 Q NRTETTAle <
2 1 iy "'f’”""%""']5”5?':?%"5"“5“‘""3't!fiﬁlhl 8 §&s alli "l;{g;;nmmmﬂ}} 5 H{ﬂﬂ;gumnulii g 4
1Y F!I‘ﬁiiiﬁiﬁéf}iﬁ::‘il {ﬂ',;}jﬂflﬂﬂgﬁE{Em;rﬂnﬂ'; Py SRR iu&nnlllﬂifﬁh;l;:.. 3 A % 7Tl o
23 {H“{mﬂm il |||, [rsale T - I i o4 z
'é“? Iu\ggl]m"1ﬂﬁfﬂﬁaﬂﬂﬂﬂ' Sg_ge nﬂF\‘- ‘_3]_ Al O lllll. E | .
3 ® * S <
El‘—“——.o-.f £ X ] p
:3‘ g o T IRYFASNYE] ?“;r
H e 3
L? «j-;lz #_I




Dyjmeiion of Paving — gt oF Fevement Dirsction of favrg —— Adorhona! Eac Laps = 18", Lirection of Paving —
Spit Header- Py e tan Boggersd e . tk & M %W £dps of Farement @ Adctbored Laas/dpdmn)
plg — [ ¥ air - a Sl Headtr, a" -AnErmien) Edge
T -
—g[‘-.s it
P £
§-L§ x [NE
P o »_: . T:
3 =L|1_\ > ¢ °
. X . o
N ! N Tie Bars
Fiiz Bars iz Zars
- £ Yot
Longlvging Sawed Lormg;tucnl o ,ﬁﬂ,’;’f
Jaidl. See Sf0.Owg: Sawed Joit See Sid Dwg.
RPS=-a18, See Sid Dwg PE-0I0”
corrent edifion. RS- 010 current cdition,
L corrant egifion .
b > e et Raverrenl Edge Z
FRavement Edg Addifional Mo, 5 (D0 Lo affer poifionsl &l Laos g iticnal & P e, ars: Lap Siope $howe -/}
i 3 Sees Bars ~ Shgns Longhylaint =i . PERTIS Vs Wy iy hol O Ry 5 stoc) Bars TS et 3
WELDED DEFORMED STEEL WIRE FABRIC FABRICATED STEEL BAR MAT LOOSE BAR CONSTRUCTION
Stzel requirerments per fane witlth - 35 (D -26.9) £ i wath s 30 No, Fharss Note. bars shak be Stee) reguirements perlane wigth - 30No 5 Pars= .
Whires = 3.10 5. in'= Aporas. @ 705 of the end area g;‘é{‘,ﬁ“ﬁ;ﬂf ';E;O/;'nf:rgv ;’%z end ar:oa' of & ,l‘:m:d.hr same Pl ang. 8.2/ 57.1197‘,,; A‘fp"ox.fc’z 7a 7:'-”0:‘ ilbc enderea ofd Addfions! # 5 Barsa!
of 2 83X 1205/ avy 120" 5iak, 5,§%?g- i profile view  27x1Z-0"Skb. HHernars }ar_;gfiua’mafb:m
5 For s fra dion only. - g’?; ;pri'g}:ggx fb;p’;anc of
adin, -
. . . No.J Bars on BE 3 12 Fnd of D: g
2 _L-—ﬂm;_o-:‘.z Wires on 127 Cirs. ——i 50 r—'——‘_‘Z-_a-'_ Ches, -~ %— b | qur;g’ r— A, i raf
L ' =i e e s A S - B
£ ' 2 v
< ) . ey Suspar? iP He 202
. 5 === W T a7 e >
t § 43-’.,%_ e f x L s —p TRANSVERSE CONSTRUCTION JOINT
§ £ == - — Nore-: USING DEFORMED BARS
i — ) Where the project terminates with @ free end, g fransverse
L) £ n END LAP DETAIL consfruciion jnﬁ-zf .ma/;ba constructeo’ as shown abore
-~ e - -~ for future addartonat co shuctio .
- . = : I R
[ 3y = t - - 3 ,vyl!.p 2 folerance
-t 3" CEdge of Fovement - o T y N ore.sﬂm _zgflil /é; liﬁvé?zmﬂ s
he Cont hak wie I, 2 onl Iop
DETAIL FOR ONE MAT PER LANE WIDTH DETAIL FOR ONE MAT PER LANE WIDTH  eorcoonor sttt Siest of he -
. firs t1ap pas? the consirection jomf a5 Shomw. "y ;__1
37 the plons, or he may o/’/b gim_, f;?ng,’r %ﬁ'ﬂé"f}"a’.’n’f
- . wo Himes 1he 5 A U] .
il ) 37y Fdge oF Pevamert,, AZGE 0 STetl 3} Fe First B lprpieof the Comstrochon
=5 * v Jjoint. Each sddiiona bar shall be.s ecurely 120 ;
] . f = n 1o the longituding! bors an esch side of te
— -\ Nﬁ {;'E"ll: =4 ¥ g pae !
“ 5 ‘ta * = — . @when the normal enf Width exceeds 24
F—a :,_>Z‘L N lf TFdted s "%‘ & ‘ué exceot af ramps, o fongitudinal sawed construction
NN a Iy = el us = 1 ot shallbe constructed inaccordance with
[ % ¥ Tall[E e = 9 Standard Drwg. RPS5-010 currentedifion.
* N 8 — &
L a % =] ==
l 2 s S ; =5 TYPICAL SAWED JOINT SECTION
I iz LA — 7 /= "
Edge of Pavement t Eipe of Favemerit KENTUCKY
DETAIL FOR TWO MATS PERLANE WIDTH DETAIL FOR TWO MATS PER LANE WIDTH BUREAU OF HIGHWAYS
18" Lap
P it wie s STEEL REINFORCEMENT
Foge 3 a2 b 32| — 24
r E 2 A ) z4 : FOR 9" THICK
i " o CONTINUOUSLY REINFORCED
L&m_,%:_j A3 2N w Narma ] Siees Padifion WigeTies 7 CONCRETE PAVEMENT
Baf "M ax @ £no Lo p Fosition
P PROFILE STANDARD DRAWING No. RPC-002
PLAN ROFIL P I 8 =
} o s 8 sl — T
END LAP DETAIL END LAP DETAIL ma, o o e BeAgezt

>
e




T

QI10-Dd¥ *N DNIMYEQ QHYANV.LS

[t

S1ivLaa

dYH LIX3Z § SDNVELINT
LNFWIAYL SLIHINCD
GRDHOINIZY KISNONNILNGD

“mjuiel

ey U0 Jo BulDods YO, i
SAVMHDIH 40 (IVEMNE ey bty

AASNLNEN

J#ijje juied O we uEn.—a o
s Spped = ligy Suey i oy
Ja33Taquon =y 31 'UORANJ3ELGES U,

T}l’l

.§.@4 —
A i %&ﬁ%&%&%\\%&

R ?mauw ..%.@s M.-. Mq.\m.u\ 17 s 7 1% -

B \\\\\\\\\\\ﬁ%\\\%\k%\&%m% R s s 2o

diWVvY LiX3

“uelyowe
duwpa jouisou
7 of yEnbs a5

o F3UDEP wy ). “jan,

o]

&

14

g3 of yuio] paaDs jEuipny)

,m__cnﬂ._u:oz.ﬁh-.#ui:_wu.__avu._ uow H_!_mt.nuﬁﬁﬁma
PUF] 2L XY PAIMED oG JOu |Ifs jukl pases rupnybuoT

pusaos 010-S3 B pis a0s yusursagg V27

FIBATUOT  PEIICLUISH PRIUION  (DUOLMDAISD

‘ubhpa JuEIInD
Ol -G "on Buimeiq piopunys Uo DR DD Ul Duands
) Ypra 3FV0PIGITD UL B of P40 SUIMDLP A1) uo

wpul el 142D jUoD ja abu jawaoN

1 wpoR

£1 4o wWnuXDWw o e dwos
JO ipim Y Dine My 3agm
Uaanapuns ieadvau Ty ib

am,

jumwannd jo 2bpa

A

[ TR
L

<% pm—
N\

e JumwzAangd Jo PR3

SR Juiof JO,

TORIPR JUSIIND gl0-Sdi ON bumely plepusts @

——

¥ 1L (sagQ UL Ubim) uior
uopantjsuoy pameg Puphybuay &

—Hitt—

S JUTUSAD]  3BaTuad  PAITIOfNEY  hanonuues i||.|l]|_
Nwm NVYL3G

RIS ] w || o 3RS

Jromaes e

-pung oD a
oz | e . F .0-8 | .o Mw_n o pRpnal = s
: {ous) pumains|

R

——

Juief pEReg |euIp)Ibuay ()

[ sioquifs uor

[l an3ea]

awasnd o 2bpa
N |._|//

3 L

‘3333 G| §0 wnwnxow b g dwoa
Bus Jo WPy Jiano aujasmm
juol do1430i4ucs Jedipau T 10
Bud o} jUil PAMES 1BUIRRHEUGT]

@® Y
I RIS T \\\

t

O

LUIOf LGYDELILOT) PRRES PSIFASLIERI]
Jul0” LOLSASLT) PRUes jeupnyibuc % dHvd SONVYELND

Upyoas dwsbda [ouliou 3| 14
o jonb 2q of acummp wt)

LT

%§§§§m&§§§.§§§§ &E\mﬁ&ﬁ&%ﬁh
RS R,
(7> 7

L T v 2 —|n <|_ - nnr....lllIVAxllTL./mlt-TLrl.ilullllll
! ]

Jung Suoal

*spuel e AMag
uonBouusD jo Bursods (Eueu B
T UDy "Seay waiozaa i usum

papiap nonba aq j1mus 2oun

juaweand auy, Ubw By o iredde
Ar2ioip w11 YIuM 0ui UDUY
APYLA Juied O WodE duid Y] 10}

— o s

2w r_mvr/

e juBasDd o 2Bp3

PiSweADd SyPimuey  FROScjuien hpRenuues e —— 1 |

A-6



LV

GENERAL NOTES

after fabrication,

oy

Cont.Reinf. Conc. Pvmt 125* Min. O} bs‘ruch.lrt
ﬁ:”” "&‘g”ﬂ' -’“"' 2R A 2R KT Steal Angic l—-G Station Terminal Joind (3)
@ & Station | = Greaye, ot Pourea
Povement Edge erminal b End cover{SeeDelail) [ Sowe Seaier
T v
! i
: ! ‘
' H . Welds
=
H
£ =
H g
A A L .o~ £
E .
Jo— 3 & ¥, : £
e Longifudinal Stecl é
i b1 ¥ 3l
ehx 2wyl g e E
[ 1]
d Continuowsly Reinferced Carwentional  Jeinled n.E
a Concrete Povemant Reint. Cone, Purmi %
Tl 1Y
H Steet Trowel wp of 5
H H Slceper Slnb\ N
H 1 Fiylar, sand beaer or \ g
. . R _ * elyethyiane (& mitls thicknend
- N i i " ! IR
I S I L . S wood Floal Finish
i Bl
R D ) U, £ 127 Wide Flange Bec / e T e
i 7 @ Qﬁu&\:-[l:\“ - — IR M
—_—— L S — 3 Edgc g
12 ma & i _!' e " Siceper -
Sore S —_—
Slurv,r smh 4 Plccc — ——t—— —_—_— g
H K
4
s — O
n;‘r'"."p:'""" Bore —f ' 12 w4 Longitadinal Bars, Equally 5pq=.4( J-gl""-)
——t——tr——— Z8 %5 Tranaverss Bars @ g C.-
HE B
3 - G
e s ] __," J;_o—-_——_- DETA!! !2 ACALE
e
: 1
— T ‘:————-—— 6.0
e — L ——
e 21
e v p—
| End Cover
o @X
or-on
Ses Plans \Elqr"
HALF PLAN VIEW OF Favemes) Wid WRVE ey
TERMINAL _JOINT CROSS ek PE ®
Not To Scart) TERMINAL JOINT O SLOPES
Pay Limids of Conlinususly Rainforead Cancret . Pavermant 125'-0* Minimum Dislance to Structurs - Convzational Jointed RAenforced Concrete Pavernent
CR.C. Pavement Thichness Pay Limits of Conventional Jointed Reinforcad Concrete Faverment
S tail A ;
Rainforting Stast ee Octail /—Canvanhanal Favermen) Thickness Wice H""____)
I = L X = |- f . i ._'__ Ll L
T AN Bond Bredkes .2 * . Canvenhonnl Povement B Sh'uc}urc —— .
chair e -_-',nzwraa-"v-:.... t -
Suppor = = : . - —
. T - pa— _1 ,\C.R,c. Pavement Expangen
— 1 Thic} Joint
Comventionat | Vi#s Bars Equariy ”"M(wmm 29% 3 Bars'@ 87C.-C.
Pavement Thickn 1070 Slecper Slab®

sEcTioN  A-A
TERMINAL JOINT

(Vo7 To Scart)

Nore: The contract unif przﬁ a'pn- in £f :ball include all abor,

materials and jacidern:
installation in sccordance wi

s nectfsbs;l’)l ir a complete

FEMIJB

@Ar %3 polts, 3q. or he x. mcd.m— sfud with
orged head. Swz;lru‘> shail b.r 2" C-C. and
staggered an horizontat | .9 of channel.
@bom:m oi‘ Qor
sid® Aoh

A-Phnn

flanga on Conl Reinf. Canc. Pvmi
-huu ve panted witn culbs

@pPriil and tap beam fbor
he )\(,4:

d cap screws.

2( %" Stainiess Steel
£ holes eoch end

@ Sse S5id,
Conventiens

10, currant edition,

EP& ), for
. Eonc. Punit. joint details .

(@ Ends of W-Beam ond Stecl Angle shall be
Miter Cut to confarm with the v rticel face
of the pavement edge.

@Pigns will stow opecified & gt tion or etations
of Terminal Joint locatior

@Pr.or to galvanizitng, the W-Beom and Steel
Angic shall be Tnbnca\-d to r¢€lsct ne
correct pave ment Cross slopc.s
ha , or as shown on the pu:n. i The

¢d terninal ,u.m stafion folls within e

of \'[\L ounq-m cun-aff or the tsngent
o curwv

T |-nqvh- of Wod.ams and Sicel Anol. mm, be

e weided joint ot bhe Apest S
for oppl‘ﬂval i

i e lengths
for crown :r‘w:z;t W.'M‘?)rwg RPS-010 Girrentedition.

RIZ=x ¥ 1D ga,
E Bl

l.'l End
{2'pur juirt}

Ioside fac . of End Cover

lu b. inted with
?\.Phql( Mc-250

_Drlll 17 gid, End Cover
rain Hole

i WF 38

B- 4y,: ~ 8= CRC.Povement
B« B - 9" CRC Povement

o 14

Jcare : Weves
END COvER

KENTUCKY
BUREAU OF HIGHWAYS

CoxriNnuousLY REINFORCED
CONCRETE PAVEMENT
TerMINAL JOINT DEeETALS

STANDARD DRAWING No. RPC-020

SUBNTTED =y
T o ST i

AtHOVED = - _1/55&:_
TATE WGUWAT seCiteen 0




