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SUMMARY

The detericraticn of jpinted portland cement concrete
(PCC) pavements on the interstate system in Virginia has created
& need for full-depth and partial-depth repairs, In this report,
efforts related to full-depth repairs are described and discussed.
Such repairs have utilized beth cast-in-place and precast materials.

Rapid and permanent repairs have been achieved using pro-
cedures as stress relief, cast-in-place restoration, precast
replacement, and cast-in-place replacement. It is recommended
that these procedures be continued as warranted by pavement re-
pair needs. They should be used with detailed guidance in both
state force and contract work. In repair work, assurance should
be made that the supervisors and inspectors are not only knowl-
edgeable of the recommended procedures but alsc are aware ol
potential problems that can result from faulty applications.

Where poor drainage has contributed to pavement deterioration,
improvement of drainage facilities and the use of pavement under-
sealing should be a part of the total rehakilitation effort to
assure a satisfactory service life of beth existing and repaired
pavement segments.
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FULL-DEPTH REPAIR QF JOINTED PCC PAVEMENTS
CAST-IN-PLACE AND PRECAST PROCEDURES

by

Samuel S. Tyson
Research Engineer

INTRODUCTION

The deterioraticn of portland cement concrete (FCC) pave-
ments in Virginia has occurred almost exclusively at the transverse
contraction joints. The deterioration of jointed PCC interstate

pavement in Virginia has been discussed in a report that outlined
he deterioration process, cited the major contributing factors,
and described the resultant failure types.{l} Alsc, presented

were criteria to be used with pavement condition surveys to aid

the engineer in determining the time to initiate permanent repairs.

Depending upon the combinations of factors contributing to
deterioration and the extent to which it has progressed, pavement
distress may be identified as partial-depth, full-depth, or both
at a single joint. Similarly, repalr procedures may be specified
as either partial-depth or full-depth. Both have been utilized in
Virginia.

PURFOSE AND SCOPE

This report describes and discusses the full-depth PCC pave-
ment repair procedures that have bsen used on interstate pavements
in Virpinia. Cast-in-place and precast materials are described
along with the repair procedures in which they were used. Illus-
trated are permanent repairs at various locations, some of them
installed by state work crews and others by contractors' crews.

A documentation of full-depth repair procedures would be
incomplete without coverage of repair efforts that were not success-
ful. Therefcre, also illustrated are examples of jointed PCC
pavement repairs that were not permanent but did serve to promote
the understanding of the deterioration problem.

Partial-depth patches have been installed successIully using
s selection of several concrete materials. Because of the spec-
ialized techniques and numercus materials involved, the partial
depth repair procedures will be covered in & sSeparats report,



BACKGROUND

The description of the various full-depth repair procedures
that have been performed on the interstate pavements in Virginia
should be preceded by a discussion of several items. Briefly,
this treatment is intended to provide a framework within which
the sewveral repair procedures can be presented clearly to readers
who may not be familiar with particular circumstances associated
with such repairs.

Concretes

A factor enhancing any repair procedure is the early return
f the repaired pavement to service. The concretes used in the
full-depth repair of pavements have been both cast-in-place mixtures
and precast units.

o

Cast-in-place mixtures have been produced in several ways,
including the use of portable, manually charged mixers with capac-
ities of 2 ft.3 (0.06 m3) up ter 0.5 yd.3 (0.4 m3), ready-mix trucks,
and a concrete mobile. Satisfactory batches can be obtained in
each way and the selection of a method for concrete production
depends primarily on the situation at hand.

Precast units for full-depth repairs have been produced in
Virginia only by maintenance emplcyees of the Virginia Department
of Highways and Transportation. These normally reinforced slabs
and the experimental repailr procedure in which they were used were
modeled after a study by the Michigan Department of State High-
ways, (2:;32

Work Crews

Repair activities on PCC pavements have been performed by
maintenance crews of the Virginia Department of Highways and Trans-
portation and by contractors performing maintenance work for the
Department. Satisfaectory repairs have been made by both types
of crews. It has been noted that where full-depth repair procedures
have been unsuccessful, the crews have acted rapidly to correct or
modify their procsdurss.

Full-Depth Repairs

In a full-depth repair procedure the first consideration is
that the concrete in the area to be repaired must be removed com-
pletely so as to expose the subbase. The repair material (concrete)
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may be placed on the existing subbase, or the subbase may be
built up or undercut prior to placement. But in no case does
a full-depth repair rest wholly on a layer of a previously
existing pavement slab. A cast-in-place repalr may have one
or more sides cast directly against the old concrete. The
interface between the old concrete and the repair concrete

is nearly vertical, however, and the repair material clearly
does not rest on an extensive layer of the old concrete. FPre-
czst slabs have been fabricated using vertical sides only, and
no portions of these units rest on existing concrete,

Permanent Repairs

Permanent pavement repairs are installed to restore or
replace the pavement structure and are intended to serve for the
remaining life of the pavement. These are distinct from temporary
bitumincus patches because ewven though both are installed on PCC
pavements to esnable traffic to use the roadway efficiently and
;ith safety the temporary patches have a relatively short service
1ife and are not effective, as are permanent repairs, in halting the
deterioration processes.

An important part of the permanent rehabilitation of jointed
pavements has been the installation of stress relief joints, with
and without the replacement of existing transverse joints. O&tress
relief-is, therefore, treated as a distinct full-depth rehabilita-
tion procedursa. In this report emphasis 1is given to the fact
that pavement repairs have been required almost exclusively at
the transverse joints. It is desireble to maintain a distinction
batween rehabilitation proceduwss in which the jeint has Dbeen
restored or rebuilt in its original location with load transfer
dawels and those in which The original transverse joint has been
replaced by two transverse joints, neither of which are in the
same location or of the same design as the old joint.

From the foregoing, it can be seen that four full-depth
pavement repair procedures — rehabilitation by stress relief,
cast-in-place restoration, precast replacement, and cast-in-place
replacement — have been employed on jointed PCC interstate pave-
ments in Virginia. Descriptions of these procedures are given
after a discussion of scme earlier pavement repair activities.

EARLY FULL-DEPTH REPALRS

In the report on deterloration of jol d
in Uirginia,(1j the installation of temporary bitumincus patches



discussed. These patches have been and are installed by
& Crews a4s a part of routine maintenance.
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Prior to the present study, state crews had placed numerocus
pailrs of PCC concrete using Type II cement, Type III cement and
ypes 11 and III with CyClj. The mix proportions asscciated with
nese repairs were recorded in some instances and have been found
to be of good design, ther information such as the joint loca-
tions and dates of the repairs, their performance,and whether they
were full-or partial-depth has not been documented.
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Observations were made of such repairs that were still in
service at the time this study was begun. Indications are that
many fallures of these sarly full-depth repairs resulted not
from poor workmanship or inferior materials but from continued
deterioration related to wvarious factors that were not corrected.,
In Figure 1* a full-depth repair is shown that might have given
gocd long-term service on this heavily trafficked rocadway had it
not been for the faulted condition that can be gauged by the
beverage can and cigarette pack in the photograph. The area had
been repaired by removing deteriorated concrete from 2 +o U4 feet
(0.9 to 1.3 m) on either side of the transvepse jeint and casting
2 good quality concrete adjacent to this restored jeint. Pumping
of subbase material from the underside of the forward slab to the
underside of the leave slab due to traffic loadings is apparent.
The role of pumping in the deterioration of Jointed PCC pavements
was explained with respect to joint sealants and subbase and
shoulder materials in an earlier report.(l

The enduring quality of some repairs installed by state
crews is demonstrated in Figure 2. Repairs such as this, away
crom the transverse joints, are not typical. However, it is of
interest to note that the light colored patch in the foreground,
placed by a contract crew alongside the repair placed 2 years
earlier by a state crew, failed at an age of 1 month. Aside from
the fact that the second patch was not adequately consolidated,
the preblem with the initial repair was that it did net extend
far enough to remove all of the unsocund concrete,

Varicus other situations can lead to difficulty with full-
depth repairs. In Figure 3 several of the dowels at the transverse
joint have been removed with the unsound concrete. The risk with
this incomplete restoration is that all of the dowals may not be
properly aligned when the repair concrete is cast and the trans-
verse Jjoint may be prevented from functioning properly.

#A1l figures are attached.



In Figure 4 the undcweled replacement Jeint in the near
lane is not funeticning. Since the lanes are in gontact at
the tenterline and some bond strength must have developed along
the lower face of the replacement joint, contraction has been
accommodated in the repair concrete by a crack that formed in
general alipnment with the working jeint in the far lane. The
intended working jeint should have been restored =t the locatiecn
of the original transverse joint.

Fvan though care was exercised to re
in Figure 5, transverse cracks formed at the repair limits. Shoul-
der material had been removed with the deterioporated concrete pave-
ment so that casting of the repair concrete beyond the edge limit
of the exlqting slab caused the repair to be keysd into the shoulder,
The “Lp:lr tended tD remain ::at*onaﬂy "4th the shoulder as the

tore the doweled joint

Due to the several combinations of factors that may cause
deteriocration 1) some difficulty has been :tpﬂrlenceu in determining
the severity of distress that has existed in some pavement locations
that have been repaired, After the transverse jgint in the near
lane in Figure 6 received partial-depth repairs the far lane under-
went full-depth restoration. Within a week of the full-depth repair
spalling was observed in the near lane. Full-depth removal of the
concrete in the far lane relieved the compressive stresses that had
not already been relieved in that lane through extensive deterioraticn
of the concrete. Because the two lanes were connected by tie bars
at the pavement centerline, the transverse joint of the near lane
carried an inoreased compressive stress. This stress lavel and
resultant strain was apparently sufficient to cause the additional
spalling.

Unsound concrete was found in the area in the near lane to
the left of the second partial-depth patch by hammer soundings., The
core shown in Tigure 7 was removed from the old pavement EppProxi-
mately two feat from the transverse joint A nearly horizontal

fracture plane was found at a depth of & inches (127 mm). This

was not surprising because of the increased joilnt stresses. How-
ever, examination through X-ray diffraction téchnigues of mate-

rial in the fracture plane revezled not only finely ground compacted
conerete that was very unlikely to have been deposited during the

wet drilling, but also an underlying thin coherent layer cf caloite.

This finding suggested that the fracture had existed prior to the
time that the repairs were made at either jecint since the calcite,
formed by a reaction between Ca{GH}E in the cecnerete and CCz from
the atmosphere, in the amount cbserved would have rag uired a lenger
period of time to form than the 90-day period that ela;aeﬁ batween
the initial repair installation and the coring operation. Iden-
tification of pavement distress by visual means only 1s obviously

not sufficient.
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cimilar findings of unsound concrete were made using the
nammer technique at other joints where no visual signs of dis-
tress existed. Unsound areas wWere verified by coring to reveal
single and multiple fracture planes at varying depths. It was
concluded that the hammer sounding technique is an effective
means of locating pavement areas affected by full-depth distress
of the subsurface fracture variety.

Conclusions

Early experiences with £ull-depth repairs on jointed PCC
pavements have led to +he conclusions given below.

1. Quality control and assurance of the concrete
mixture and of the placing operations must be
implemented.

2. The severity of pavement deterioration must be

determined as early as possible to indicate the
appropriate locations for full-depth repairs and
removal of all unsound concrete.

3. Ffull-depth repairs should extend across a full
lane width since subsurface damage is likely to
have occurred across the full lane, even though
such distress may not be visually detected.

4, Any factors, such as pumping, that have contributed
+o the deterioration of & transverse joint must Dbe
corpected or the service life of the repair will be
shortened.

5. Repairs should be carefully formed at the shoulders
to avoid abnormal restraint of slab movements.

£. Restored transverse joints must be aligned with
transverse joints in adjacent lanes in order to
function properly. IT dowel assemblies are used
for load transfer, the dowels must be accurately
positioned.

CURRENT FULL-DEPTH REPAIR FROCEDURES

The four currently used full-depth pavement repair pro-
cedures — rehabilitation by stress relief, cast-in-place
restoration, precast replacement, and cast-in-place replacement —

are discussed in the feollowing sections.
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Stress Relief

The idepntification of advanced deteriorstion during some
ly repairs indicated the existence of quite high jeint stresses.
me compressive stress in the concrete is desirable, because con-
ete is very strong in compression but comparatively weak in
ision. In fact, in the development of jointed pavement design
technology one important advancement was thought to be the cmission
of expansion joints. Aside from the savings in initial' construc-
tion cost, this change was specifically directad toward providing
better performance by reducing exposure of the concrete to tensile
stresses.
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The presence of compressive stresses then 1s neither un-
planned nor undesirable. However, these stresses can reach high
levels, especially in localized areas of the contraction Joints.
The mechanisms by which transverse joint areas of concrete pave-
ments become overstressed were described in a separate report. E

Installation and Performance

The identification of moderate or extensive pavement dete-
ricration may indicate the need for stress relief pricr to or along
with the installation of other repairs to prevent damage to the

repairs and continued deterioration of the pavement. The effective-

ness of several 4-inch (100 mm) wide stress relief joints was indi-
cated in a trial installation in the fall of 1973 in & pavement
that had experienced extensive detericration. The relief Jjoint
filler material was a preformed, cellular plastic meeting the
requirements of ASTM Specificetion D 320&. At the present time

it is felt that a spacing of 1,000 feet (305 m) for such relief
joints will be su::icien+ for the typical relief ﬂEﬂLlPﬂmnﬂu.

An evaluation of the effectiveness of stress relief JG nts in
protecting jointed PCC pavements from deterioration in certain
circumstances is being made . {69

4 sample of the relief joint

filler is shown in Figure B and
a completed, and partially closed, relief

joint is shown in Figure

Conclusions

1. The use of expansion joints in jeointed PCC pavements has
been discontinued so as to avoid tensile stresses in the
pavement by maintzining compressive stresses; however,
jointed PCC pavements having only contraction joints can
experience damaging compressive stresses in Time due to
the infiltration of incompressible materials.
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sg relief joints may be installed to reduce or pre-
unwanted compressive stresses) however, their
mate effectiveness has not been determined.
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Cast-in-Place Restoration

Roadways experiencing only minor numbers of joint failures
have bean repaired by restoring the transverse joints along with
the placement of cast-in-place concretes.

A project accomplished with state work forces in the De-
partment's Richmond District was notable because of the special
concrete mixture and batching procedure designed to meet the
traffic requirements on that busy interstate pavement.

Traffic Considerations

Traffic demands on the Richmond Distriect pavement made the
most desirable work pericd a 7-hour span during daylight hours.
Traffic control could nermally not be set up for more than one
repair on a given day because of the rather long distance of
1 mile (1.5 km) between repairs and the fact that some occcurred
in the travel lane and some in the passing lane. Therefore, the
duration of the repair operation was critical and was shortened
as much as possible. B,

Cancretse REemoval

Transverse saw cuts approximately 1.5 inches (40 mm,) deep
were made along the two limits of the repailr parallel to the trans-
yerse joint. Jackhammers were used to remove the concrete to the
full pavement depth. This procedure allowed ties to be made to
the existing reinforcing fabric located at the 2-inch (50 mm)} depth,
and it further produced irregular faces against which the repair
material could be cast to provide load +ransfer through aggregate
interlock. All but 6 inches (150 mm) of the protruding steel
Fabric was cut away and the repalr area was packfilled with bitu-
minous material. The flexibility provided by this procedure is
desirable because the scheduling of a ready-mix truck for the
special batching procedure might not always be possible.

Repair Concrete

The conerete selected for this job was a high a2lumina
cament (HAC) concrete which had been tested for strength devel-
opment and durability at the Research Council. The mixture was




capable of carry: 15 traffic in this applicaticl only 5 hours
after mixing with Water. Strengths of approximately 5,000 psi
(34.5 MPa) were anticipated.

Secause contamination of the HAC with crdinary portland
cement could csuse flash setting, a ready-mix truck was prepared

Fir

by washing with water and a lecad of aggregate teo remove as much

residual portland cement materials as possible. This aggregate
was discharged and after fresh coarse and fine aggregates were
charged the truck was dispatched to a location within 10 minutes
of the job site. There the HAC and water were added and the
final distance to the job: site was traveled without the worry

of delays due to city traffic. The mix was discharged within the

desired mixing time of 30 minutes.

Installation

On the days tentatively selected for the permanent repail
installations, the availability of the ready-mix truck and the
weather were the final wvariables to be checked. In this ocperaticn,
the setting up of traffic contrel and the removal of the bituminous
material from the repair area were accomplished within an hour.

The precut el fabric reinforcement and prefabricated dowel
assembly used in the repair are shown in place in Figure 10. This
reinforcement was tied to the existing reinforcement protruding

from the slab. The dowel assembly was fixed to the subbase and
included a bituminous impregnated felt strip to form the contraction
joint through the full slab depth.

Placement of the cast-in-place concrete from the ready-mix
truck included planned considerations for consclidaticn, finisning,

and curing. TFinished repairs were ready for opening to traffic
considerably in advance of the imposed deadline. The darker colored
repair concrete can be cbserved in Figure 11. Most of the repairs
do not exceed 8 feet (2.5 m) in lengLJ and present an accsptable

appearance from a moving wvehicle

Ferformance

Thirteen initial repairs of the type shown in Figure 11 have
performed satisfactorily for more than 2 years. The functioning
of the restored transverse joints and the proper tie-in at the
construction joints between the repsir concrete and existing pave-
ment slabs were studied. Movements in several of the restored



contraction joints and censtruction joints were instrumented
with gage plugs and monitored to determine if they were funec-
tioning as they should. Deviations from expected behavior
would have served as an early warning that the repair procedure
needed modification.

Figure 12 shows typical data recorded during the joint
monitoring. The ratic of the restored joint movement to the
average of the two construction joint movements was 40 to 1,
which shows that practically all of the slab movements were
being accommodated by the transverse contraction joint. This
was the desired behavior. The observed movement for the working
joint was 0.2113 inech (5.367 mm), which compared guite well
with the predicted value of 0.1800 inch (4,572 mm). The tight-
ness of the construction joints can be attributed to the careful
tie-in of reinforcement mesh between the old pavement and the
repair concrete. The vertical section of a core drilled down
through the constructien joint rewveals the overlapped transverse
bars of the mesh in Figure 13. Excellent potential for load
transfer can be seen in the mechanical interlock between con-
cretes in that figure. The favorable irregular face in the old
savement was created by the concrete removal technique described
sarlier, and good bonding was achieved at the construction joint
interface by adequate consclidation following the application of
a bonding slurry made of HAC.

One other repair of this type is providing satisfactory
service, however the joints are not functicning as planned. The
ratio of the restored joint movement to the movement in one of
the construction joints is approximately unity, so the construc-
rion joint required an additional sealing operation. A core
through the steel reinforcement at the construction joint showed
no tie-in between the mesh of the repair concrete and the existing
pavement slab. The reason for this lack of tie-in was apparent
since in the existing slab the mesh, having less than 1 inch (25 mm)
of cover, had been severed by the transverse saw cut at the bz-
ginning of the repair operation.

Conclusions

On the basis of the data in the investigaticns, the following
conclusicons are mage:

1., The cast-in-place restoration procedure can be
used to produce permanent full-depth repairs;

2., the concrete removal technique produces an
irregular construction joint face that effects
good load transfer;
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overlapping of reinforcement mesh between the
old pavement and the repair concrete is needed
to assure proper functiconing of the transvarse
contraction jeint: and

L, the use of ra pld hardening HAC .
permanent repair procedure a rapid pr

3
o
1
b
5
4
0

Precast Heplacement

In the fall of 1973, areas were identified in which pave-
ment deterioration was extensive. The Joints could not be re-
stored permanently unless provisions were incorporated for str
relief, Because of the number of lane miles invelved a paveme
repair contract was besing prepared. Meanwhile, state crews con-
tinued to be burdened with the task of installing and maintaining
a large number of temporary repairs. The traffic control reguired
for these activities was equivalent to that required for permanent
repairs, although of shorter duraticn. FRepeated lane closures
that were neither accomplishing permanent repairs nor correcting
deterioration factors were undesirable but necessary in order
to maintain the rocadway for traffic.

- N . S g e Vg : TP,

The use of precast slabs had been identified 1n 1872 a5 a
possible altsrnative for full-depth pavement repairs in Virginia
based on the experimentation reported by the Michigan atate High-
way Commission.(2:3) Cast-in-place repair procedures ha aan
employed successfully through the use of “aJld nardenlng ﬂﬁL con-
crete as deseribed in the preceding section of this report; however,
in this case a more rapid repair procedure was desirable Ior use
by state maintenance crews, and precast slabs appearec To have
good potential for being adapted to this situation. Therefore; &
total of 12 experimental precast slab installations were planned. (8}
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Precast Slab Fabrication

The greatest advantage of precast slabs over cast-in-place
concrete is the elimination of curing time at the repair site.
Additicnally, the quality of the concrete is potentially greaxer
since its =cceptance and placement away freom the repair site are
subject toc fewer variables. Ready-mix concrete was ordered aftsr
reinforcing steel and inserts were assembled for sets of three
slabs. Delivery of ready-mix concrete in the small quantitles
required for pavement repair jobs cannot be sxpected 10 receive
highest priority from producers without special arrarigements DeIng
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made; and while approximate delivery times were acceptable at
the precasting yard, similar delays for cast-in-place repairs
would have been added directly te the total lane closure times.
another advantage of the precast procedure, then, is the elim-
ination of traffic interruptions attributable to delays in
ready-mix conecrete delivery.

The precast replacement procedure was developed and
implemented completely using a state work crew in the Fradericks-
burg District., A casting bed, shown in Figure 14, was censtructed
for this project. A typieal lifting insert is shown in Figure 15
and positions for the insert are indicated in the design drawing
in Figure 16, Stockpiled slabs awaiting delivery to a repair site
are pilctured in Figure 17. Standard hardware for lifting the pre-
cast units is visible in the figure and is shown more clearly in
Figure 18. Twelve experimental slabs measuring 6 feet x 12 feet x
8 inches (1.8B3 m x 3.67 m x 200 mm) and weighing approximately
7,200 1b. (3,300 kg) each were fabricated initially for installation.
# second group of 12 slabs was fabricated and installed to allow
4 more reasonable assessment of cost data, and to date approximately
200 precast slabs have been placed. The slab dimensions are § feet x
12 feet x B inches, 8 feet x 127 feet x B inches and 1? feet % 12 feet
x 8 inches (1.83 m % 3.67 m % 200 mm, 2.4%4% m x 3.67 m x 200 mm and
3.87 m x 3,67 m x 200 mm).

Pavement Removal

To achieve the minimal lane closure times, a refined technique
for removing the deteriorated concrete was used for this repair
procedure. Again information from the Michigan study proved to be
valuable,

The limits of the pavement area to be removed were sawed in
The transverse direction through the full 9-inch (225 mm) concrate
depth. A centerline cut, shown in FPigure 19, was made to sever
the tie bars between lanes, A metal frame template was found
useful for marking the pavement length %o be removed. This total
length included the precast slab length which was usually 6 ft.
(1.83 m) plus the space selected for twe transverse joints which
had a combined width of 4.75 in. (120 mm). In Figure 19 the
detericrated area was longer than 6 ft. (1.83 m) so the removal

of conecrete was adjusted to accommodate two & f£fr. (1.83 m) precast
slabs in series, |

The steps for sawing the pavement included two passes of the
saw at each cut locaticn. On the first pass more than half of the
concrete depth was sawed. During the full-depth cut the sawblade
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could be seized or clamped as the sawcut tended to close due to
compressive stress in the slab. This problem, when observed,
was avcided by plaecing into the sawcut, behind the blade, nails
of sufficient diameter to resist the closure. Centerliine cut
were made gquickly and without difficulty.

Lift pin assemblies for removal of large sections of
deteriorated pavement were fabricated in acecocrdance with the
details shown in Figure 20, which indicates the method for in-
serting and locking the pins in predrilled holes through the
pavement. Two 1ift pins are shown in place for lifting in the
left center of Figure 139.

Sawing of the repair limits was a major activity because
the siliceous aggregates in this pavement were difficult to saw,
both in terms of time and of wear to the saw hlades. The cutting
rate in this case was approximately 0.3 ft./min. (0.1 m/min.).
The repair locations were sawed several days or more prior to a
precast slab installation to add flexibility toc the operation.
These initial installations took place in cool to cold tempera-
tures of late winter and early spring. In warmer weather, and
with delays of more than cone week between sawing and removal,
some difficulty was experienced in removing the concrete due to
increased joint stresses. Experience and judgement are needed
to anticipate the occurrence of this problem at specific loca-
tions; and if stress levels will be high enough teo restrict or
prevent easy lifting of the damaged concrete, a third saw cut
should be made initially so that stress relief may be accommodated
by jackhammering an opening as in Figure Z21.

Precast Slab Installation

The steps of the installation activity are described and
illustrated in the following sections, since each step involves
details that are somewhat unique and are guite important for th
successful applicaticn of this repair procedure.

Slab Installation

The removal of the deteriorated pavement was the first step
of the precast slab installation. Concrete was lifted from the
repair area by a crane and placed in a dump truck. A mertar for
bedding the precast slab was prepared concurrently and was placed

on the existing subbase and scresded as shown in Figure 22. Details



of the screed appear in Figure 23. The mortar was made flowable
and contained 4% CaClp to accelerate the set time. Information
regarding the mertar is in Figure 2u. It is important to note
that only miner strength is required from +his mortar and a
slump of 8 inches (200 mm) was desirable for workability.
Precast slabs were transported to the repair site by truck
(Figure 23), positioned over ~he mortar (Figure 28), and lowered

inta place (Figure 27). The sequence of operations frem the
+ime tThe crans Was positioned on the pavement until the precast
slab was placed (Figure 97) required 30 minutes. Traffic econtrol

setup and remcval, along with other minor activities, resulted in

a total of 1% hours being required for a precast replacement.
Because of the fixed ~imes associated with the setup and removal

of traffic control devices, an average time of 1 hour pe¥ instal-
lation was achieved for a series of installations in one pericd.
Although the average time per installation can be reduced by

making several repairs during a lane closure, the procedure was
developed primarily to deal with single repairs on & priority basis.
In practice, however, it has usually been possible to install two
o more slabs with each lane closure.

Figure 28 summarizes the typical alements te be found =i R
precast replacements. The precast slab shown is & ft (1.83 m) in
length, though as stated eaylier, lengths of 8 fT. (2,44 m) and

12 ft. (3.67 m) have also been used.

Jolints

Styass relisf joints were installed along with esach precast
slab because 1t Was believed necessary to raduce The incidence of
deterioration in this pavement. For clarification, the reader
may wish to refer to the preceding section of this report where
it was stated that a siress relief cut was not made to facilitate
concrete pavement removal. HOWever, in cases where replacement
a5 not required in the lane adjacent to such installations, a
stress relief cut wWas made in the adjacent lane on 1ine with the
typical relief joint shown in Figure 28. A preformed necprene
cealant was installed in the 3/4-inch (18 mm) jeint.

Drainage

pumping was a factor in the deterioration of this pavement.
The precast slabs were installad without 10ad transfsr to the
existing pavement, wnich made them particularly susceptible to the
effects of pumping. Therefore, a drainage system was specified

for each repalr location.




Drains consisted of a graded crushed stone layer in the
shoulder a¢oh351ae the pavement slab and a perforated concrete
pipe connecting this layer tc a discharge point beyond the
cavement shoulder limits. Figure Js shows the general layout
for the drainage components. A repair installaticn, complete
with drainage, is shown in Flgur 0.

hr'l.'_," r

Multiple Slabs

The 6-foot (1.83 m) precast slab dimension was initially
selected because it was determined that most of the distressed
pavement locations could be repaired by removing concrete from
2 to 3 feet (0.6 to 0.9 m) on either side of the affected trans-
verse joint. Larger deteriorated areas were vrepaired by using
up to four of the 6-fcot (1.83 m} slabs in succession. Care
was exercised fo maintain grade; and as hefere, one stress
relief joint was installed in the adjacent lane and in the
repaired lane, and a single drain was installed through the
shoulder.

Performance

Approximately 200 precast slabs have been placed and all
are providing satisfactory service. From a moving vehicle the
smoaothness of the ride, the sound generated by the vehicle tires,
and the appearance of the repair site are comparable to the
effects associated with an ordinary contraction joint.

Because of the lack of lecad transfer between the pracast
slabs and the adjacent pavement "slabs, it was felt that static
load tests should be conducted to determine whether the precast
slab movements were within an acceptable range, With an axle
loading of 18,000 1b. (8,200 kg) deflections indicated by the
Benkelman beam at the corners of a precast slab along the
shoulder line were of the same order of magnitude as deflecticns
of the adjacent corners of the existing pavement slabs, but were
actually smaller by a factor of thres. These measurements led
teo the conclusicn that future problems would be most likely to
occur first in the existing pavement where undermining had already
taken place as a result of pumping. The undersealing of same
existing pavements was therefore indicated, but was not incorporated
in this study.

One precast slab was lifted from its locaticn in the rcocad-
way after 3 months of service in order to examine the condition
of the mortar base. The mortar, as expected, was nct bonded to
the underside of the slab since the precast slabs were very smocth,
having been fabricated using a polyethylens sheet to line the form

15



Lottom, and because the bedding mortar, having been very workable,
Tengded to bleed against the slab and 11h bit bond formation. The
mocrtar exhibited less shrinkage cracking than anticipated, and
that observed was judged tc be inconsequential with respect to

the secondary functioen of the bedding mortar, which was to provide
= subbase that would not ercde under the acticn of si gnﬂf cant
juantities of water pradicted to be trappe* by the contiguous
poorly draining subbase and shoulder materials.(l)

In Tigure 31 pattermmsof fine subbase material can be seen
on the bedding mortar. The fact that this quantity of material
could infiltrate from the adjacent roadway in a short time period
dramatized the need for improving the drainage of this roadway,
and for undersealing to restore adequate structural support.

Conelusions

The precast replacement procedure has proven to be a rapid
and effectlive means for maintaining jointed PCC pavements. The
rocedure is quLlCUlaPlF advantageous for handling high priority
r emergency repair situations where a single joint replacement
WATTANTS 1mmEH1ate attention.

0o fu

Observations of the several steps develeoped for this procedure

have led to the conclusions listed below.

1. The entire procedure can be handled satisfactorily
by state maintenance crews with normal supervision.

%]

Precast slabs can be fabricated, when convenient
Wwith available personnel, and stockpiled as the
most efficient means of assuring availability at
critical times.

3. The full-depth sawing operation for pavement
removal can precede the installaticon actiwvity
by any practical time pericd, however slab move-
ments (joint closures) may necessitate a third
transverse saw cut and jackhammering for stress
ralief to facilitate concrete remcval.

4, Removal of large sections of detericrated pavement
withh 1ift pins dnserted in predrilled licles is a kesy
step to making the precast replacement 2 rapid
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5. The bedding mortar s
inches (200 mm) to p
precast slaks. In th

trengths ané high s
damaging.

&
1a anpll atien the
sul

t. Preformed necprene and preformed cellular plastic
sealants were successfully used in transverse joints
adjacent to the precast slabs.

=4
4]

The psriormance of the precast slabs appears to have
been enhanced by the installatien of edge drains and
by the presence of the stable mortar bedding layer,
however the adjacent existing pavement in many cases
needs improved drainage and undersealing.

3. Any practical precast slab length may be acceptable,
however the &-foot % 12-foot (1.83 m x 2.67 m) size
13 convenient for mass producticon and hauling. This
size is large enough for most joint repairs, and
up to four such slabs were successfully installied in
serias to repair large areas of deterioraticn.

Cast-in-Placa Replacement

A epast-in-place replacement procedure has been used for
full-depth repairs at transverse PCC pavement joints. The ele-
ments of this type of repair are depicted in Figure 32.

Load Transfer

It can be cobserved in Figure 32 that the traffic loadings
for this repair situation are transmitted directly from the
existing pavement slsbs, con either end of the repair area, fc
the repailr concrete through the inclusion of B-inch (150 mm)
undercuts in the subbase material. The volume of the undercuts
is filled along with the volume created by removal of the dete-
ricrated concrete and spproximately & inches (150 mm) of the
subbase material. The resultant monolithic mass of repair
concrete not only serves to carry traffic loadings directly on

its surface and from the adjacent slabs but alsc, because it

is keyed into the subbase, probably DPFV"*_E a fiwed locati
in the pavement system between structures freom which te ref
slab movemsants.

1



Concrete Eemoval

The 2-foot (G.& m) minimum length for concrets removal
on either side of the existing transverse joint indicated in
Figure 32 is based on field eypﬂr'ence. It has been observed
that subsurface fractures of the JC nt facﬂ that may not he
visually detected from the pavens surface can extend more
than 1 foet (0.3 m) into the SIEF bero“e intersecting the
subbase interface.(1l) I+ is, thersfore, apj“oprla g to
designate minimum limits for pavement removal fer this and
other procedures for full-depth pavement repairs.

The pavement removal technique described earlier for the
Erecast replacement procedure was also used in this orocedure.
Following removal of the subbase material nc further preparation
a

the area was necessary since the cast-in- Place concrete could
cenform to irregularities in the subbase.

Cast-in-place Concrete

The raDid hardening HAC concrete initially evaluated in
the cast-in-place restoration prosedure was determined to be +he
best material available to meet the lane closure l¢m1tat10ns of
this replacement procedure. For the smallest ElLE repair area
4 congrete mobile proved satisfactory for time ly preoduction,
hhllE for the larger repair areas ready-mix production was
utilized.

Transverse Joints

As indicated in Figure 32, the handling of the twe trans-
verse joints created in this repair procedure could be approached

with some flexibility. If a stress relief joint is needed, the
material shown in Figure 8 is installed DTLDF to placement of the
cast-in-place concrete. If no stress relief is required, as in

the case where a stress relief joint has already been installed
within approximately 1,000 ft. (300 m) of the repalr areda, both
transverse Joints are considered as cald-formed contraction
jeints and treated accordingly.

Performance

Repairs of this type number more than 200 and have besn in
service for periods up toc 1 year. Their satisfa actory installatio
requirements and good condition atr this time warrant their clas
ification, aleng with repairs from the other procedures deserib
in this report, as rapid and permanent full-depth repairs.



t{ven below have resulted from observations

The conclusions g
-f this replacement procedure.

1. Cast-in-place replacement of detericrated trans-
verse joints has been accomplished in Virginia
as a rapid and permanent repair procedurs.

2. The pavement remowval technigque and the rapid
hargening concrete lnitially employed in other
repair procedures were readily adapted to this
procedure.

3 The direct load transfer incorporated in this
orocedure is easy to form by undercuts and should
be effective in enhancing the performance of the

PEQGLT$+

r+ [
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L The twe transverse joints that result from use of
this procedure can be treated as cold- formed con-
ractisn joints, or cne may be filled with a stress
relief material.
- RECCHMMENDATIONS
The =ehabilitation of transverse joints on jointed PEC. 1nt
state pavements in Virginia has involvea the use of several main
nance procsdures that require the full-depth removal of pavement
fﬂgmeﬁ*S Conclusions resulténg from chservations of early repa
efforts and from four re¢eqtly used repair procedures have been
listed in this report following descriptions and discussions of
these repairs, On the Dbasis of this informaticen the following

recommendations ares mads.

1. Full-depth repair procedures as siress ved
cast-in-place restoraticn, precast raplac
and cast-in-place replacement have been er
successfully in Virginia and should conti
used where rapid and permanent refalrs gt
ments are warranted

2. Plans for pavement repairs shculd provide imsdlied
guidance for state force snid contract work
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Assurance should be made that supervisers and
inspectors of repair work are not only knowl-
edgeable of the recommended repalr procedures
but are alsc aware of potential problems that
can result frem faulty applicaticns.

Where poor drainage has contributed to pavement
deterioration, improvement of drainage facilities
and the use of pavement undersealing shculd be a
part of the total rehabilitative effort to assure
a satisfactory service life of both existing and
repaired pavement segments.
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Figure 1. Faulting of repaired transverse jeoint
due to pumping of subbase fines.

Figure 2., Initial full-depth repair in background did neot

remove all unsound concrete. Subseguent repair
in foreground did not receive adeguate consolida-
Tion:

25



Figure 3. Incomplete full-depth restoration presents
difficulty with dowel alignment.

Figure U4, Full-depth replacement joint not functioning
due to misalignment.
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Figure 5. TFull-depth restoration keyed into shoulder
resulted 1n transverse cracks indicated by
areows .,
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Figure 8. Continued deterioraticn of concrete in fore-
ground ccecurred after full-depth restoration
of lane in background.
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Figure 7.

Fracture plane in old pavement containing
compacted layer of finely ground concrete
underlain by thin coherent layer of calcite.

Figure 8.

Preformed, cellular plastic stress relief
joint filler material. (1 in. = 25 mm)

FE———N e——

i




Stress relief joint and filler material
in pavement.

Figure 10.

Precut steel fabric reinforcement and
prefabricated dowel assembly in place.
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Figure 11. Hardened cast-in-place restoration made with

HAC concrete.

G JOINT

CONSTRUCTION JOINT
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Figure 12, Joint movements (+ openings) occurring over a

17-hour periecd with an ambient temperature change

from 75° F to 289 F (24% C to -2° ).
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Figure 13.
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Core from construction joint between HAC
repair concrete (left) and old pavement
(right)

Figure 14. Assembly of reinforcing steel and
lifting inserts at casting beds.
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Figure 15.

Typical lifting insert placed with
reinforcing steel in precast slabs
(Michigan photol.
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Figure 17. Stockpiled precast slabs with dimensions of
E feet x 12 feet % 8 inches (1.83 m x 3.67 m = 200 mm).
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Swivel plate and bolt for attachment to lifting

Figure 18.
inserts in precast slabs (Michigan photeo).
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Figure 18.

Full-depth sawing of repair limits.
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Figure 21, Stress relief at one end of repair area requiring
third transverse sawcut (Michigan photo).

Flgure 22. Bedding moriar layer being screeded to an elevation
8 inches (200 mm) below the pavement surface elevation.
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Figure 24,

r
Mortar Miw:

Sand

Cement (Type II)
- Water

Ca{:l2 (4%)

Yield

S26 1b.
188 1b.
52 1b.
7.5 1b.
3 3

7.8 T£.°C0.21 m™)

(239 kg)
(85 kg)
(24 kg)
(3.4 kg)

Required for
(Dead Load)+3 x (Live Load)

I

Bedding mortar for precast slab installation.

2

3

Time,hours

39

3450

27860

2070

1380

670

Penetration Resistance, kPa



Figure 25,

Figure 28.

Precast slab being positioned over bedding

Lo

Precast slabs delivered to repair site.

mortar.
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a typical precast reg
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I Existing trans-
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i | Repair limits for

[ }‘r”Jr# precast slab
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Figure 29. Drainage for full-depth PCC pavement repairs
using precast slabs.

Figure 30. Precast replacement with
completed drainage components.
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Figure 31. Fine subbase material infiltrated
between mortar layer and precast slab
from underneath adjacent roadway areas
(roadway centerline on left).

3.0 in. (2235 mm) saw cut

/ Original transverse joint \

o -

I
N

3.0 in.
{225 mm}

in. G.0'in.
mm} tMinimum dimansions {150 mm)

LONGITUDINAL SECTION

Existing pavement slabs
Existing subbase

Stresgs relief joint (a3 needed)
Contraction joint
Cast=in-place repair conorats

e B B O e

Figure 32. Typical details of a cast-in-place
replacement at a transverse joint.
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