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CHAPTER 1

IRTRODUCTION

Problem Defipition

One of the most common and difficult rehabilitation problems with
jointed concrete pavements is the repair, replacement and restoration of
transverse joints. These joints were originally designed to accommodate
changes in slab length caused by temperature and drying shrinkage effects.
However, over time and with traffic, the effectiveness and capability of
these joints is often reduced by sealant deterioration, intrusion of
incompressibles, concrete deterioration, construction errors, corrosion of
load transfer devices, loss of support of slab corners and loss of load
transfer ability due to repeated heavy traffic loadings.

Most of these problems (with the exception of faulting and corner
breaks) are associated with long-jointed reinforced concrete pavements
(JRCP), and not with short-jointed plain concrete pavements (JPCP).

The resulting effect of all these factors is the deterioration of the
joint through spalling, corner breaks, faulting and blowups. If the joint
locks up because of corrosion, it will even contribute to the opening of
transverse cracks, causing them to spall and fault.

In response to extenmsive joint deterioration, many agencies have
developed joint repair techniques largely through trial and error. These
include full-depth repairs, partial-depth repairs, cleaning and resealing
of joints, pressure relief joints, and load transfer restoration. The
success of these procedures has often been poor with very short service
lives. Thus, there is a great need for improved procedures for repair and
restoration of joints.

The occurrence of blowups is the most serious joint deterioration
problem in terms of potential danger to the public and expense and
difficulty of repair (see Figure 1). Several research studies have been
conducted to develop pressure relief joint usage, design, and construction
criteria. Many agencies have installed pressure relief joints on
long-jointed JRCP. The performance of these joints and their effects on
adjacent pavements has been less than satisfactory.

Ob; .
The objectives of this project are as follows:

1. ldentify, define, and document the criteria for using pressure
relief joints to relieve and/or reduce the rate of deterioration
of existing joints in concrete pavements.

2. Identify, update, and document the current technology of other
joint rehabilitation techniques for the repair, replacement, or
restoration of existing joints in concrete pavements.
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3. Develop and provide a set of guidelines for the design and
installation of joint rehabilitation methods and techniques for
utilization in a Pavement Management System.

Finiti

The following definitions are adopted for the execution of this
project:

Pressure Relief Joint- A transverse joint installed to relieve

compressive stress for the purposes of reducing deterioration of
existing joints, preventing blowups, and protecting abutments.

Other Joint Rehabilitation Techpiques- Any other technique to

repair, replace, or restore an existing joint (such as precast or
cast-in-place slabs, full-depth repairs, inverted "I" repairs, and
prefabricated replacement joint assemblies) that may or may not be
used along with pressure relief joints.

Scope

This study is confined to selected repair and prevention techniques for
deteriorated transverse joints to increase the service life of existing
concrete pavements. The useable end products from this study have been
developed from analysis of extensive field performance data and the
consensus recommendations of an advisory panel composed of experienced
state highway pavement engineers possessing in-depth familiarity and
expertise in concrete pavements.

The end products consist of extensive documentation of pavement
rehabilitation performance and the development/updating of design
guidelines and guide specifications for the following rehgbilitation
techniques:

1. Pressure relief joints.
2. Full-depth repairs.

3. Partial-depth repairs.
4. Joint resealing.

These results are ready for immediate implementation in existing
pavements for further development and evaluation.

Research Approach

The objectives of the study were fulfilled through a combination of
information gained from literature reviews, extensive field surveys and an
expert panel of state highway engineers.

1. A literature review was conducted for pressure relief joints,
full-depth repairs, partial-depth repairs and joint resealing. A
bibliography is given at the end of this report.

2. A field survey of many rehabilitated projects was conducted and
extensive condition, design, traffic and other data were



collected. Figure 2 shows the states where projects were
located. These projects were evaluated by both the project staff
and the expert state panel to extract as much information as
possible from their performance. Many of the panel members were
familiar with the individual projects, having been involved in
their design and construction. Detailed comprehensive project
evaluation reports were prepared for each of the 36 projects.

3. The expert state highway panel from eight states reviewed the
evaluation of the individual projects and also provided extensive
feedback or their recommendations for the design and construction
of the four selected joint rehabilitation techniques.

This report was then prepared as a complete documentation of all of the
above research work.

§
Documentation Of Results
The results obtained from this study are presented in the following
sequence:

Pressure relief joints --
Chapter 11 presents background information obtained from the
literature review.
Chapter 1II summarizes the evaluations of pressure relief joint

projects.
Chapter IV lists the conclusions and recommendations of the expert

state panel.

Full-depth repairs --
Chapter V presents background information obtained from the

literature review.
Chapter VI summarizes the evaluations of full-depth repair

projects.
Chapter VII lists the conclusions and recommendations of the

expert state panel.

Partial~depth repairs ——
Chapter VIII presents background information obtained from the

literature review.
Chapter IX summarizes the evaluations of partial-depth repair

projects.
Chapter X lists the conclusions and recommendations of the expert

state panel.

Resealing joints --
Chapter XI presents background information from the literature

review.
Chapter XII summarizes the evaluations of joint resealing

projects.
Chapter XIII lists the conclusions and recommendations of the

expert state panel.

Chapter XIV summarizes the results from the entire study.






The Design and Construction Guidelines and the Guide Specifications are
placed in the Appendix so they can be extracted for use. A cost analysis
for several selected projects is also documented in the Appendix.

Comprehensive project evaluation reports were prepared for each of the
36 projects included in this study. These individual reports are not
published with this final report, but are available from the FHWA upon
request.



CHAPTER II

PRESSURE BELIEF JOINT BACKGROUND INFORMATION

Pressure Damage
D ..

Pressure damage includes spalling, crushing, or upheaval (blowup) of
the concrete pavement at the transverse joints or cracks caused by
expansion within the concrete pavement.

Pressure~induced spalls can be differentiated from other joint spalls
by the size and shape of the spalled areas. Pressure-induced spalls are
generally 6 to 12 in [152 mm to 305 mm] in length (measured from the joint
or crack) and up to 12 in [305 m] in width (measured along the joint or
crack). The depth of the spall typically varies from 1/2 to 2 in [13 mm to
51 mm] in depth (see Figure 3). Spalls caused solely by differential
vertical movement across a joint or crack are often characterized by
failures along a 45-degree plane and rarely extend more than 2 to 4 im
[51 to 102 mm] from the joint or crack (see Figure 4).

Blowups are areas of localized upward movement (see Figure 5) or
shattering of the pavement (see Figure 6) due to excessive compressive
forces in the slab. They often occur in hot weather at a joint or crack
which is closed or filled with incompressibles and will not allow expansion
of the concrete slab.

Low-severity blowups produce minor buckling or shattering of the slab,
but create little discomfort to the occupants of passing vehicles.
Medium-severity blowups cause some discomfort, while high—-severity blowups
cause substantial discomfort, pose a safety hazard, and may require passing
vehicles to reduce their speed. (29, 117)

Another problem caused by pavement growth is "bridge pushing." As a
pavement expands during the warm season, and particularly where intrusion
of incompressibles has occurred, the pavement will push against the bridge
approach slabs. Incidents of cracked abutments and bridge decks being
pushed nearly off of the abutments have been documented for both short- and
long—~jointed pavements. CRCP has been found to displace heavy anchor lugs
due to high expansive stresses.

Many other types of secondary structures can also be damaged by
pavement growth. These include manholes and other drainage and access
structures in the pavement surface. They can be crushed, collapsed or
rendered nonfunctional as they are moved by the pavement. Curbs and
traffic islands are also subject to shattering, breakup, upheaval and
failure as the surrounding pavement expands.

Pressure damage may continue after relief joints have been installed.
The New York DOT has documented projects where the longitudinal joint ties
have sheared as the traffic lanes moved independently (see Figure 7).
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Figure 4.

Photo of Spalls Caused by Differential Vertical Movement.



Figure 5.

Photo of Blowup (Localized Vertical Movement).
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Figure 6.

Photo of Blowup (Shattered

11

Pavement) .



Figure 7.

Photo of Traffic Lane Movement After
Placement of Relief Joints.
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Causes of Pressure Damage

The performance of concrete pavements in many areas of the country has
been seriously impaired by expansive pressures caused by net increases in
pavement length. This is caused by one or more of the following factors:

1. Surface intrusion of incompressibles into poorly sealed joints and
cracks.

2. Pumping of base materials into joints and cracks from below.
3. Expansion of reactive aggregates in the PCC. -

4. Extremely high pavement temperatures and moisture conditions
relative to those that produce a neutral or "no stress" condition.

Incompressibles can infiltrate poorly sealed transverse joints and
cracks when they are open. The joints and cracks open widest during the
colder seasons, which are also the seasons during which sand and other
deicing materials are placed on pavement surfaces. These materials enter
the joints and cracks and prevent them from closing during warm seasons.

Intrusion can also occur from below the slab when vertical movements at
the joints and cracks cause pumping. Water and base material particles are
forced upward into the joints and cracks. In time, incompressibles can
buildup (see Figure 8) which prevents the joint from functioning properly.

Pavement growth due to intrusion of incompressibles produces far more
severe problems in pavements with long slab lengths. States such as
California which have thousands of miles of short-jointed pavement (i.e.,
slab length less than 20 ft [6.]1 m]) rarely experience blowups. States
such as Illinois, Michigan and Virginia which have 40 to 100-ft [12.2 to
30.5-m] slabs frequently experience blowups (121).

Figure 9 illustrates the effect of slab length om joint movement for
different temperature ranges. Longer joint spacings produce larger joint
openings over a given drop in temperature. This in turn allows the
intrusion of larger sizes and quantities of incompressibles from beneath
the slab. The problem is magnified when the joint seals are not properly
maintained or the seasonal thermal openings of the joints exceed the strain
capacity of the joint sealing materials, which often happens in pavements
with long slabs in harsh climates. Additional incompressibles may then
enter from the surface. Moisture and thermal gradients warp and curl the
pavement and result in additional joint movements.

Continuously reinforced concrete pavements (CRCP) do not normally
exhibit blowups due to intrusion of incompressibles because their cracks
are closely spaced and held tight by large amounts of reinforcing steel.
These cracks generally do not fill with incompressibles and are not usually
subject to significant spalling. However, blowups have occurred in CRCP
when the reinforcing steel at a wide crack ruptures and the crack is
infiltrated with incompressibles (72).

It should be noted that CRC pavements have pressure relief provided at
terminal joints where the continuity of the pavement is interrupted for

13
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-Joint Opening - ins.

Stabilized Granular
Subbase Subbase
' Joint Temp -TeTn_;)——
Spacing-—ft. Only Only
15 .040 .0580
20 .050 .060
30 .080 .100
40 .100 .130
50 .130 .160
100 .260 .320
d=5.5x10"6/°F

AT = 60F

Figure 9. Computed Maximum Joint Movement for Various Slab
Lengths Over a Temperature Drop of 60°F [16°C].
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bridges, drainage structures, junctions with other pavement types, etc.
There have been cases where the wide-flange terminal joint design has
failed, presumably due to compression from the concrete (35).

All three types of concrete pavements may experience blowups and other
pressure damage due to the inclusion of expansive aggregates in the PCC mix
and the presence of pavement temperatures that significantly exceed the
ambient temperature that existed at the time of slab placement and curing.

The inclusion of reactive aggregates in the PCC mix can produce an
actual increase in slab length. The increase in length is the result of a
chemical reaction between alkalies in the cement paste and certain
siliceous components of aggregates prevalent in many Western and
Southwestern states. The product of the reaction is an alkali-silica gel
which absorbs water and swells, causing cracking in the cement matrix. If
sufficient free moisture is available, this gel can flow into the cracks
and continue to swell, causing progressive expansion and cracking of the
concrete. Visible signs of the alkali-silica reaction include map cracking
and buildup of gel around aggregates and in cracks. If the expansion is
unrestrained, it can cause a significant volume increase in the concrete,
closing transverse joints and pushing bridge structures. If the expansion
is restrained, longitudinal cracking, spalling or shattering of the
concrete at the joints can occur. Pressure damage due to the alkali-silica
reaction is a serious source of distress and structural failure in
pavements and other concrete structures.

Another source of pavement "growth" is expansion due to increases in
temperature above the neutral temperature, which is defined as the
temperature at which the axial force in a pavement is equal to zero. For
new pavements the neutral temperature is near the temperature at which the
concrete solidified. Changes in moisture can be expressed as equivalent
temperature changes. Kerr and Shade (64) have theorized that pressure
damage occurs at a predictable increase in temperature above the neutral
temperature. Thus, the placement of concrete pavements at higher
temperatures may reduce the likelihood of blowups.

The result of concrete pavement growth is an increase in compressive
stress in the slabs. When this stress exceeds the compressive strength of
the slab at & given point, spalling or shattering of the slab occurs (63).
Other factors that may cause spalling at the joint face include PCC fatigue
(due to repeated loads applied through the dowels or repeated compressive
stresses caused by thermal expansion), and corroded or improperly installed
load transfer devices (especially dowels).

Spalling near the joints reduces the stiffness of the joints and
introduces axial force eccentricities into the slabs, making them more
susceptible to buckling or "lift-off" blowups (65). Spalling also
increases the likelihood of shattered slab blowups because compressive
forces must be resisted by smaller areas of concrete as spalling increases.

The correlation between spalling and blowup occurrence has been
verified by studies conducted in Virginia (132), which indicate that as
many as half of the joint faces involved in blowups exhibited prior
deterioration. The results of a recent Michigan study (114) (see Figure
10) suggest that if a transverse joint is divided into five equal-length
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sections, the probability of a blowup occurring in the future increases
greatly with the number of joint sections exhibiting spalling.

Several states have documented an increased occurrence of pressure
damage in PCC pavements after bituminous overlays have been placed. It is

believed that increased moisture, temperature and/or PCC deterioration may
be responsible (43, 52, 53, 64, 106, 121, 142).

It is clear that many factors have a significant effect on the
development of compressive forces and the capacity of the pavement to
resist them. These factors include considerations in design, construction
and enviromment and include the following (64):

1. Awmbient temperature range at the project site.

2. Joint design and spacing.

3. Joint load transfer design.

4. Subdrainage design.

5. Bteel reinforcement design.

6. Shoulder type (contribution to incompressibles).

7. Size and type of coarse aggregate used in PCC mix.

8. Concrete compressive strength (particularly near the joints).
9. Temperature of concrete at placement and during curing.

10. Slab moisture content.

11. Shearing resistance at the slab/subbase or subgrade interface.

13. Pavement age.

13. Type and condition of joint sealant present.

l14. Use of deicers and deicing grits.

Mechapisms of Blowups

One theory of blowup development was proposed by Giffin (48) in 1943.
According to this theory, the first stage of failure occurs prior to the
actual blowup when compressive forces become severe enough to fracture the
concrete below the surface (see Figure 11). The disintegrating concrete
forms an inclined plane below the undamaged concrete. As the compressive
forces increase, one slab moves up the inclined plane with sufficient force
to shear the edge of the adjacent slab (Figure 12). This explains the
observed blowup characteristic of one slab overriding the other.

Deterioration of the lower portion of the slab (due to "D" cracking,
for example) also shifts the point of application of the compressive forces
from middepth to some higher point. This results in the development of an
effective moment at the joint (see Figure 13) which causes a "classic" or

"lift-off" blowup.
18
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Kerr and Shade have suggested the mechanism shown in Figures 14 and 15
for "classic" or "lift—off" blowups (64). The pavement is treated as a
concrete beam with a hinge; movement of the hinge is restricted to the
negative "z" axis. Temperature and moisture increases induce an increase
in axial compression forces (N.) jp the pavement slab. If the stiffness
of the joint is reduced (through spalling) and/or the compression is
sufficiently large, the beam buckles vertically, thereby reducing axial
compression in the area of buckling. In the areas adjacent to the blowup,
the compression varies according to factors such as slab/subbase friction,
but is less than the critical value that caused buckling.

Analyses were developed to predict allowable safe temperature increases
over a pavement’s neutral temperature. These analyses consider the
pavement thickness, sliding frictional resistance between the slab and
subbase, effective flexural stiffness of the pavement, coefficient of
linear thermal expansion, and rotational and axial stiffness of the joints
and cracks (63, 64, and 65).

Expansion Joints

Expansion joints are constructed to relieve compressive stresses in the
slab caused by thermal- or moisture-related growth, reactive aggregates, or
intrusion of incompressibles into joints. Expansion joints are constructed
by cutting or forming a gap (which is filled with a compressible material)
through the depth of the slab to permit expansion to take place. These
joints have no aggregate interlock to provide load transfer, and thus tend
to be susceptible to pumping and high deflections.

Such joints in new pavement are very difficult and expensive to
construct and often show poor performance. For these reasons, nearly all
agencies have limited the use of expansion joints to placement in existing
pavements which have exhibited pressure damage.

E ion Joi i c

Expansion joints constructed in new pavements usually employ a dowel
system to transfer load and compressive joint filler to permit expansion
(see Figure 16). Their width is often 1 in [25 mm], although this will
vary from agency to agency. Commonly used filler materials include
bituminous materials, closed cell foam, styrofoam, and cork.

Dowels used for load transfer are generally smooth and are fitted with
an expansion cap to provide room for the dowel bar to move during expansion
(143). The dowels must be painted, encased in plastic or epoxy or formed
from noncorrosive materials, and lubricated to ensure horizontal movement.

The seals used in these joints should be well-maintained to prevent
intrusion of incompressibles and infiltration of water. The sealant
material must be selected for extensibility to accommodate large horizontal
joint movements and for strength to resist intrusion of incompressibles.

Many states no longer use expansion joints in new construction due to
high cost, poor load transfer and resulting distresses (e.g., pumping,
faulting, spalling, etc). However, New Jersey continues to construct
expansion joints rather than contraction joints, and Michigan installs
expansion joints at every eighth joint (41-ft slabs [12.5 m]) if the

project is constructed between September 15 and April 15.
22
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The function of pressure relief joints is to relieve compressive stress
in order to prevent blowups, shattered slabs, severe joint spalling and
damage to secondary structures. Although designs vary, they are normally
2 to 4 in [5]1 mm to 102 mm] wide.

Pressure relief joints are usually filled with a compressible filler
material such as styrofoam or sponge rubber to prevent intrusion of
incompressibles, although asphalt concrete filler has been used by some
agencies. Preformed joint seals have been used by some agencies with
limited success.

Appropriate U L

Net increases in concrete pavement length are often caused by intrusion
of incompressibles into poorly sealed joints, pumping of base materials
into joints, and/or expansion of reactive aggregates in the PCC. If
untreated, these length increases will create compressive forces in the
concrete pavement and cause blowups and/or bridge pushing. Pressure relief
joints reduce these pressures and, when used appropriately, can prevent
pressure damage for several years.

Because they provide no load transfer, deflections at the relief joint
tend to be high. Significant pumping, faulting, corner breaks, and slab
deterioration can thus occur in the vicinity of a pressure relief joint.
Pressure relief joints should be used only on pavements which have
experienced blowups or are pushing bridges.

The optimum time for construction of pressure relief joints is not
known. Many jointed concrete pavements perform for over thirty years
without experiencing blowups or bridge abutment pushing. Pressure relief
joints can cause loss of load transfer in adjacent joints, further
intrusion of incompressibles, widening of joints/cracks, slab faulting, and
overall accelerated pavement deterioration. Construction of expansion
joints is currently recommended only when major blowups or other
pressure-related damage has occurred.

Studies by several agencies have concluded that blowups tend to relieve
stress for about 500 ft [152 m] on either side. For this reason, pressure
relief joints are typically installed at intervals of 700 to 1500 ft [213
to 457 m]. When bridge pushing is the only problem, they are typically
located oply near the approach slabs.

Pressure relief joints are often ineffective when placed near other
pressure-relieving devices. Bridge approach expansion joints will usually
provide sufficient pressure relief within 500 ft [152 m] and additional
relief is not needed. Pavements which have sustained full-width blowups
may not need pressure relief joints within 500 ft [152 m] of the blowups,
especially if the blowups were patched with bituminous materials.
Wider-than-normal joint openings in the area of a blowup indicates that
further relief is not needed.

25



Because of the difficulty in sawing through dowels or other load
transfer devices and the\déﬁgngof encountering unstable subbase conditions
Some agencies have placed them as one joint of a full-depth repair;
however, this often produces repair rocking and accelerated failure unless
mechanical load transfer devices are provided.

Desi y N  C .

Nombituminous-Filled Relief Joints Without Load Transfer

Although exact construction procedures vary among agencies, two methods
are generally used. Diamond blade saws are used to make two full-depth
cuts about 4 in [152 mm] apart. The material between the cuts is removed
using light jackhammers if necessaryy The faces of the joint are cleaned
and the filler material is installed.

t (\.Mf P

Carbide tooth wheel saws (sometimes called "rock saws") are also used
to make one full-depth cut about 4 in [152 mm] wide across the pavement.
The faces are cleaned as necessary and the filler material installed. The
use of these saws should be considered carefully, since they may produce a
large amount of spalling at the pavement surface.

The joint is usually filled with a compressible filler material such as
styrofoam or sponge rubber to prevent the intrusion of incompressibles,
although asphalt concrete filler has been used by some agencies. Preformed
joint seals have also been used with some success. These compressible
filler materials are often coated with a lubricant—adhesive which
facilitates installation of the filler and holds it in place after
installation. Special hydraulic equipment is often used to compress and
install the filler. Figure 17 presents a cross—section of a typical
nonbituminous-filled relief joint without load transfer.

Bituminous~Filled Relief Joints Without Load Transfer
Some agencies have constructed asphalt concrete patches in Portland

cement concrete pavements to serve as expansion joints. These patches are

3 to 4 ft [0.9 to 1.2 m] long and are often placed in deteriorated areas
which would otherwise require a full-depth PCC repair. Pavement removal
and comstruction methods are similar to those used in normal bituminous
patching operations.

Asphalt concrete has also been used as filler material in the four-inch
[102 mm] pressure relief joints described previously; however, it is P
stiffer than most filler material and will not accommodate as much movement
as other filler materials.

The use of asphalt concrete-filled relief joints and patches in
expanding PCC pavements has often resulted in "humping" of the asphalt
patch as the concrete pavement expands. "Humping," loss of load transfer,
slab rocking, and settlement or heaving of asphalt patch areas have
resulted in rough pavements and loss of pavement serviceability. When
patches of this type have been placed in only one lane, blowups have often
occurred in adjacent lanes.

Bituminous~filled Relief Joints With Load Transfer
Figure 18 illustrates a retrofit relief joint design used by the Ohio
Department of Transportation. A l1- to 3-ft [0.3~ to 0.9 m] section of
26
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Figure 17. Cross-section of a Typical Non-Bituminous -Filled
Pressure Relief Joint Without Load Transfer [1 in = 25.4 mm].
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Portland cement concrete pavement is removed and 6 in [152 mm] of subbase
is excavated between the sawcuts and under the existing slab a distance of
6 in [152 mm]. The excavated subbase is replaced with PCC concrete or a
stabilized base material prior to filling the patch with asphalt concrete.
The resulting load transfer system is similar to that provided by an
"inverted tee" patch, and the problems associated with its construction and
performance are similar as well (i.e., poor consolidation of concrete under
the existing slab, differential heaving or settlement of the patch, and
one-directional load transfer). "Humping" of the bituminous material is
still a potential problem with this approach. '

Expansion Joints Constructed Within Full-Depth PCC Repairs

Special heavy-duty expansion joints with dowels for load transfer have
been used on highways with heavy traffic, particularly where a bituminous
overlay is to be placed. An example design used by the Illinois Department
of Transportation is shown in Figure 19.

These expansion joints are usually placed in the center of a full-depth
repair. The repair is tied to the original slab. The expansion joints are
prefabricated assemblies which include dowels, chairs and a fibrous filler
material. The dowels are capped and coated in a similar manner to those
used in new construction. While this is an expensive design, it does
provide load transfer and reduce the occurrence of localized distress in
subsequent bituminous overlays placed over the expansion joint.

Some agencies have constructed expansion joints at one or both edges of
full-depth PCC repairs. This design has often produced rocking, premature
cracking and spalling of the repair because of poor load transfer. Some
success in minimizing this damage has been achieved when appropriately
sized dowels have been included in the joint design. Undercut repairs
(with and without dowels) have also been constructed with relief joints to
provide load transfer and to accommodate pavement growth (see Figure 20).

Past P n Pressu Reli Joi

The performance of pressure relief joints provides an indication of
their effectiveness. Pressure relief joints installed in sections of
pavement experiencing appreciable compressive stress will begin to close
almost immediately. Figure 21 (97) illustrates experience with closure in
Nebraska where reactive aggregate exists in the pavement.

The data show that most of the closure experienced during the first
year occurred before the summer months, when unrelieved stresses would be
highest. It was concluded that pavement stresses, even in the winter, are
often too high to be relieved entirely by the natural thermal contraction
of the pavement. )

The movement of intermediate joints within a typical pavement section
with pressure relief joints is shown in Figure 22. As expected, the
movement was greatest near the pressure relief joints, gradually decreased
toward the center and was practically zero at the center.

Analysis of this data was used to determine that the pressure relief
joints would have been effective over a distance greater than 1000 ft
[305 m], at least for this level of slab/subbase interface friction
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(granular base). This is based on the assumption that pressure relief
joints are effective until more than one joint away from the relief joint
remains stationary. Determining the maximum effective length is difficult,
due to the inverse relationship between effective length and compressive
stress within the pavement. The more residual compressive stress a
pavement contains, the greater the length of pavement over which the relief
joint is effective; conversely, when the compre531ve stresses are small the
distance over whlch the joint is effective is shorter.

Figure 23 presents the results of studies performed in Virginia to
evaluate the effectiveness of 4-in [152 mm] wide pressure relief joints
(installed at 1000-ft [305-mm] intervals in a jointed reinforced concrete
pavement) in preventing blowups (75, 76). During the summer of 1974
(before the installation of pressure relief joints) the 15-mile [24-km]
segment of pavement experienced 24 blowups. No blowups occurred during the
summer of 1975 after installation of the relief joints. Whether this was
due to the installation of the relief joints or the relief of all existing
pressure in the pavement by the 24 blowups is subject to speculation.

A comparison of the occurrence of blowups prior to and after
construction of pressure relief joints was used to develop a relationship
between blowups and pavement characteristics. Analysis of pavement
distress found in the summers of 1974 and 1975 also indicated that relief
of compressive stress (by either the blowups or the pressure relief joints)
reduced the occurrence of other distresses such as spalling and cracking.
Whether or not the additional pressure relief was needed is difficult to
determine. Significant closure of the relief joints did occur, but
significant opening of other joints near the relief joints also occurred.

A major problem of pressure relief joints is load transfer. ©Ohio has
conducted deflection testing on numerous in-service pressure relief joints
and determined an average load transfer of 51% for a 4-in [102-mm] wide,
undowelled relief joint and an average load transfer of 74Z for a l-in
[25-mm] wide, dowelled relief joint. The amount of this load transfer will
influence the amount of faulting that will occur at the joint. Figure 24
compares the faulting of a dowelled contraction joint (obtained using a
regression equation from Reference 29 for a typical Illinois pavement) and
the faulting of several in-service, undowelled pressure relief joints as a
function of 18-kip [80-kN] equivalent single axle loadings (ESALs).

Installation of pressure relief joints has been accompanied by
accelerated pavement deterioration on some projects. For example, when
pressure relief joints were installed in only one direction of a divided,
jointed reinforced concrete pavement section in Michigan, a condition
survey conducted five years later reveagled that the side with pressure
relief joints had deteriorated to a greater extent. This demonstrates a
major problem to be solved in the design of pressure relief joints--they
must stop blowups without causing other types of distress.

Lims . £ p Relief Joi
As pressure relief joints have been constructed, it has become apparent

that certain precautions are necessary to achieve desired results. Some of
these precautions and their related problems are discussed below.
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Number of Blowups

Project ' w/0 Relief | With Relief
To Feb. 74 p '

Summer ‘74| Summer 75
1-NB 25 8 0
1-SB 29 5 0
.2-NB 18 0 0
2-SB 18 4 0
3-NB 3 5 0
3-SB 2 2 0
95 24 0

Figure 23 .

Results of Virginia Study.
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Figure 24. TFaulting of Dowelled Contraction Joint and Undowelled Pressure Relief
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General Limitations

Because they are usually constructed with no load transfer, pregsure
relief joints should be used only on pavements which have experienced
blowups or are pushing bridges. Deflections at pressure relief joints will
tend to be high, the adjacent slab may deteriorate, and the joint may pump
and fault. It is recommended that if pressure relief joints are placed
adjacent to bridges where pushing is a problem, load transfer should be
established on plain jointed undowelled pavements for 6-10 contraction
joints from the pressure relief joint.

Pressure relief joints allow the pavement to move toward the joint (see
Figure 22). All aggregate interlock load transfer may be lost at joints
within the effective range of the expansion joint. For thig reason,
pavements without load tramsfer devices except adjacent to bridges where
pushing is a problem.

Effects of Pressure Relief on Existing Pavement Design

Short-jointed undowelled concrete pavements are poor candidates for the
use of pressure relief joints. Pressure relief joints will allow the
joints to open, resulting in loss of aggregate interlock load transfer in
the area of relief, which may also cause slab cracking and faulting. They
will also allow water to enter the pavement structure, resulting in
deterioration of the subbase, pumping, and rocking of the slab. Similarly,
pressure relief joints should not be used in continuously reinforced
concrete pavements because they destroy the continuity of the pavement and
allow water to enter the subbase, resulting in rapid loss of subgrade
support. They should be used on these types of pavements only near bridges
when shoving is a problem or if blowups have occurred.

The effect of pressure relief on existing joint seals must also be
considered. The installation of pressure relief joints produces an
undesirable side effect of opening intermediate joints so widely that
preformed compression seals lose contact with joint reservoir walls. This
creates a process in which particles and water are free to infiltrate the
joint, inhibiting joint closure and creating additional compressive stress
in the pavement. Similarly, the effectiveness of other types of joint
seals will be diminished if they are damaged by excessive joint openings.

It must be confirmed that transverse joint seals will remain effective
after installation of pressure relief joints or it may be necessary to
reseal the joints. Since it is impossible to predict where excessive
openings will occur, it is recommended that test relief joints be installed
prior to full pressure relief in pavements with compression seals.

Use on Multi-lane Pavements

Pressure relief joints are normally installed on pavements with more
than one traffic lane and it is frequently impossible to install the joint
across the full pavement width in one day. When relief is provided for one
lane only, the other lane(s) can be subjected to higher compressive
stresses and blowups or shearing of the longitudinal tiebars can result
(see Figure 25). Thus, it is necessary to install pressure relief joints
in all adjoining lanes as soon as possible. If the joints are placed
during seasons with small daily temperature variations, a maximum period of
48 hours between installation of expansion joints in adjacent lanes should

not be harmful.
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Figure 25.

Blowup in Inner Lane Due to Relief Joint Placed
in Outer Lane (Courtesy of Kentucky Department of
Highways).
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In cases where the unrelieved lane(s) is of good-quality concrete,
restraint between the lanes has been observed to prevent functiomning of the
relief joint so that the joint filler material is mnot held tightly in
position and can float out during a heavy rain. Such an event cam be
avoided by imstalling the joint full width within 48 hours.

Installation in Hot Weather

During the warmest time of the year, or in pavements with reactive
aggregates, compressive forces in the pavement may be sufficient to pinch
or bind the saw blades during the sawing operation. In addition the
problem of unequal pressure between adjacent lanes is often aggravated
during warm weather. For this reason, installation within a temperature
range of 40 to 70°F [4 to 21°C] is recommended. Some agencies have
been able to imstall relief joints during the summer months by sawing at
night or early in the morning.

t

Complete Relief Joint Closure

Pressure relief joints may close completely over time, making the
pavement susceptible to blowups and bridge pushing again. If intrusion of
incompressibles into the joints is not stopped or if reactive aggregate
expansion is progressing, the construction of pressure relief joints will
provide only a temporary solutiom. When the joints have closed, new
pressure relief joints will be needed.

Pressure Relief When Overlays Are To Be Placed

On some pavements, blowup frequency has increassed after overlay with
bituminous materials, indicating a need for pressure relief prior to
overlay. However, when expansion joints are placed prior to overlay, the
overlay often deteriorates badly under heavy traffic in the area of the
expansion joint. This is due to vertical shearing caused by high
differential deflections at the joint. It has also been determined that
the placement of bituminous overlays aggravates problems already inherent
in some blowup-susceptible pavements by holding moisture in the concrete
pavement structure (e.g., accelerated freeze-thaw deterioration of porous
aggregates resulting in weakened concrete near the joint areas) (52, 53).

Installation of pressure relief joints prior to placement of bonded
concrete overlays has produced debonding in the area of the joint. This is
because it is extremely difficult to saw the joint in the overlay soon
enough to prevent the underlying slab from moving independently of the
overlay. It is recommended that if pressure relief is needed, construction
of pressure relief joints be done after construction of the bonded concrete
overlay.
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CHAPTER III

EVALUATIOR OF IR-SERVICE PRESSURE RELIEF JOINT IRSTALLATIONS

This chapter presents summaries of the design and performance of
several projects where pressure relief joints have been installed.
Detailed evaluation reports have been prepared for each of these projects
and are available from the FHWA upon request. The first two letters of the
identification indicate the state (e.g., IL), the next three numbers
indicate the highway number (e.g., 072 is I-72), and the last three numbers
provide the milepost by which the project is identified.

Reli Joi Wide——S F

IND69064 - The original pavement was 10-in [254 mm] JRCP with 40-ft
[12.2 m] contraction joints and was constructed and opened to traffic in
1964. Three-foot [0.9-m] wide, asphalt concrete-filled pressure relief
joints were installed in 1975 in five experimental sections using three
different relief joint spacings: 1000 ft [305 m], 500 ft [152 m] and 40 ft
[12 m]. One 1/2 mile [805 m] section served as a control and contained no
relief joints. The pressure relief joints were installed because of bridge
pushing, in anticipation of pressure buildup problems, and as part of IDOH
policy to prevent blowups of overlaid "D" cracked pavements. Partial-depth
repairs were placed at selected joints at the same time to address spalling
due to "D" cracking. A 4.25-in [108 mm] asphalt concrete overlay was
placed immediately afterward.

By 1985, the overlay features had sustained approximately 6.1 million
18-kip [80-kN] ESALs in the outer lane and 1.2 million in the inner lane.
All of the relief joints have reflected through the overlay and many of
these reflective cracks have begun to spall, particularly in the section
with the short relief joint spacing (40 ft [12 m]). It was also noted that
there were more medium—severity transverse cracks in the vicinity of the
relief joints and these cracks were wider than other cracks located further
away from the relief joints. This is indicative of the movement of the
underlying pavement into the relief joints.

The AC overlay above the relief joints was generally humped as a result
of the expansion of the pavement into the relief joint area. Table 1
summarizes the measured relief joint humping. The three different sections
(utilizing different relief joint spacings) each had different performance
characteristics. The first section (1000-ft [305-m] relief joint spacing)
had large "hump" measurements and slightly opened adjacent cracks. The
second section (500-ft [152-m] relief joint spacing) had slightly smaller
"hump" measurements, but adjacent cracks were wider and spalled slightly.
Both of these sections were fairly rough riding. The last section (40-ft
[{12-m] relief joint spacing) was not humped and the ride was noticeably
smoother. However, the transverse reflective cracks above the relief
joints had spalled rather severely and there were many more deteriorated
transverse cracks on the 40-foot [12 m] section. The control section,
while not surveyed, was performing well in that the overlay was not
extensively cracked and provided for s smooth ride.
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Table 1. “Humping" of AC Overlay at Pressure Relief Joint Locations

[1 in = 25.4 mm] .

INKER LANE OUTER LARE
LEFT RIGHT CENTER LEFT RIGHT
SAMPLE WHEELPATH WHEELPATH LIKRE WHEELPATH WHEELPATH
UNIT HUMP (in)  HUMP (in) HUMP (in) HUMP (in)  HUMP (in)
01* 1.00 — —— 0.60 0.40
01 0.50 1.10 0.60 0.80 0.70
02 0.75 0.90 0.80 0.50 0.50
02 0.80 0.80 0.60 0.60 0.50
02 .70 0.60 0.60 0.50 0.60
03 NO APPRECIABLE HUMPING OF PRESSURE RELIEF JOINTS
Average 0.75 0.85 0.65 0.60 0.54
Std. Dev. 0.18 0.18 0.10 0.12 0.11
*This relief joint had been milled off once.
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The longer-spaced pressure relief joints appear to have been somewhat
appropriate for this project because they resulted in fewer deteriorated
transverse cracks. However, the longer—spaced relief joints produced
greater humping and a rougher ride. The control section did not develop
any blowups or humping problems, although it was fairly short (one half
mile [805 m]). The use of pressure relief joints resulted in varying
degrees of pavement roughness due to humping, reflective cracking and
deterioration of the overlay near the cracks. Deterioration of the overlay
was most severe where the "D'" cracking of the original pavement was not
adequately addressed by either partial-depth repairs or full-depth asphalt
concrete repairs (pressure relief joints) and had reflected through the
overlay. Severe "D" cracking can be addressed only through the placement
of full-depth PCC repairs or reconstruction. The placement of a number of
full-depth repairs would have reduced any existing pressure buildup. Also,
when "D" cracking exists at many joints it may have the effect of reducing
pressure buildup. since the strength of the concrete is greatly reduced at
the joint areas.

Since the pavement was to be overlaid, it is likely that "D" cracking
would have rapidly redeveloped outside of any full-depth PCC repairs and
would have again caused the overlay to deteriorate. Thus, the asphalt
concrete overlay of this severely "D" cracked pavement could be expected to
provide good serviceability for only a short period of time, regardless of
the pre-overlay rehabilitation.

The Indiana DOH has planned reconstruction for this project in 1986.
This will consist of milling part of the existing AC overlay and placing a
10-in [254-mm] unbonded PCC overlay. This would have been a good
alternative in 1975 as well.

OHO71210 -~ The original pavement was 10-in [254-mm] JRCP with 60-ft
[18.3-m] contraction joints and was constructed and opened to traffic in
1959. Two-foot [0.6-m] wide, skewed, asphalt concrete-filled pressure
relief joints were installed in 1973 at half-mile [805 m] intervals in
anticipation of pressure buildup problems. Full-depth repairs were placed
at most joints at the same time to address severe "D" cracking. A 2.5-in
[64-mm]) asphalt concrete overlay was placed immediately afterward.

By 1985, the rehabilitation features had sustained approximately 12
million 18-kip [80-kN] ESALs in the outer lane and 3 million in the inner
lane. All of the repair and relief joints have reflected through the
overlay and many have deteriorated and have been repaired with temporary
patch material. The AC overlay had been milled or planed above the relief
joints to remove humps that had developed as the pavement expanded into the
relief joint area. Figures 26 and 27 show typical relief joint
conditions. Other areas of the overlay exhibited ravelling and weathering,
up to 0.5 in [25 mm] of rutting, and low- and medium-severity potholes. A
Roughness Index of 139 (fair) was obtained in the outer lane in 1984.

The pressure relief joints seem inappropriate for this project because
there were no signs of pressure buildup problems and the installation of
the full-depth repairs at every joint should have alleviated any built-up
pressure.
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Figure 26.

Photo of AC Repairs Above Pressure Relief Joint and
Regular Contraction Joint on OH071210.
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Figure 27.

Photo of Skewed Pressure Relief Joint on OH071210
(Same Relief Joint as Shown in Figure 26).
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The installation of the pressure relief joints has increased the
roughness of the overlay by allowing "humping” of the overlay above the
pressure relief joints. Cracking and patching appears to have no
correlation with the location of the pressure relief joints, although it is
conceivable that the relief joints may have caused transverse joints and
cracks to open wider than they otherwise would have, thus increasing both
the severity and rate of development of reflective cracks. Condition
survey data for this time period is unavailable to verify this theory. The
overall life of this rehabilitation is expected to be 15 years.

Overlaid Relief Jojints (Narrow--5 in [13 mm] wide or less)

KY065012 - The original pavement was 10-in [254 mm] JRCP with 50.0-ft
[13.9 m] contraction joints and was constructed and opened to traffic in
1965 and 1966, respectively. Six-inch [152-mm] wide, skewed pressure
relief joints were installed in 1982 at 1000-ft [305-m] intervals because
blowups had previously occurred and additional pressure problems were
anticipated. In addition, the original aggregate was known to be
expansive. Six-inch [152-mm] perpendicular relief joints were also
incorporated as approach or leave joints in some of the full-depth repairs
that were placed as part of the pre-overlay repair. Approximately one
third of the relief joints contained a preformed cellular plastic joint
filler (ASTM D3204-80) and were covered with an 18-inch [457-mm] wide strip
of commercial roofing paper prior to overlay. The remaining two thirds of
the relief joints were filled with asphalt and these were the ones included
in the condition surveys. Four-inch [100-mm] diameter perforated pipe
underdrains were installed continuously along the project at the same

‘time. A 4.0-in [100-mm] asphalt concrete overlay was then placed.

By 1985, the relief joints had sustained approximately 4.5 milliom
18-kip [80-kN] ESALs in the outer lanme and 1.2 million in the inmer lane.
About one half of the original contraction joints had reflected through the
overlay and few, if any, of the repair joints had reflected through.
Rutting measurements in the outer lane averaged 0.13 in [3.3 mm].

The pressure relief joints have reflected through the overlay and the
overlay is "humped" above the relief joints, although the hump over ome of
the relief joints has been milled off. It was noted that the hump between
the wheel paths was generally larger than the hump within the wheel paths
and that the hump measurements in the outer lane wheel paths were generally
less than those in the inner lane. This indicates the response of the
asphalt concrete mix to higher levels of traffic.

Only one of the three sample units surveyed appeared to indicate a
relationship between pressure relief joint location and reflective crack
location and severity.

~ The pressure relief joints were appropriate for this project in
eliminating blowups since many blowups had occurred in the late 1960s and
1970s and were expected to continue due to the presence of expansive
aggregate. The pavement is performing well, except for some roughness.
where the overlay has "humped." However, it is possible that improved
joint maintenance practices and the construction of full-depth repairs at
blowup locations would have provided equal or better service without the
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localized roughness and risk of more rapid joint and overlay deterioration
that often accompanies pressure relief joints.

This pavement is expected to provide good serviceability for 4 to 8
vears from the date of survey before rehabilitation is required. This
provides a total life of 7 to 11 years. Periodic maintenance (relief joint
milling and reflective crack sealing) are needed in the interim.

11055252 -~ The original pavement was 10-in [254 mm] JRCP with 100-ft
[31 m] contraction joints and was constructed and opened to traffic in
1956. Special "heavy~duty" expansion joints with dowels for load transfer
were constructed in 1975 at 1500-ft [457-m] intervals because blowups had
occurred previously and future pressure damage was anticipated. The relief
joints are 6-foot [1.8-m] minimum length full-depth PCC repairs that are
tied to the existing slab with deformed bars. Dowels measuring l.25-in
[32-mm] in diameter are incorporated across a 4-in [102 mm] formed joint
which is filled with a 2-piece foam filler. The repair/relief joint is
constructed slightly higher than the existing pavement so the new AC
overlay can be constructed flush with the repair. The design of the relief
joints placed on this rehabilitation project is given in Figure 19. A
3.5-in [90-mm] overlay binder course was placed in late 1975 and followed
with a 1.5-in [38-mm] surface course in 1976.

By 1985, the pressure relief joints had sustained about 10 million
18-kip [80~-kN] ESALs in the outer lame and 2.5 million in the inner lane.
The original pavement had received more than 21 million ESALs in the outer
lane and 5 million in the inner lane.

The condition surveys conducted in 1985 found low- and occasional
medium~-severity longitudinal cracking, reflection cracking, and rutting.
Most of the cracks had been sealed. Rutting averaged 0.34 in [8.6 mm] in
the outer lane and 0.17 in [4.3 mm] in the inner lane. A Roughness Index
of 75 (smooth) was obtained with a BPR Roughometer in 1985. A sgkid number
of 39 (marginal) was also measured in 1985.

The pressure relief joints have closed to an average width of 2.2 in
[56 mm)}, have faulted an average of 0.08 in [2.0 mm] in the outer lane, and
are considered acceptably smooth. The joint filler was gemerally
still intact and keeping incompressibles from infiltrating, although in
some instances the filler was partially absent. A slightly greater amount
of cracking was observed near the surveyed pressure relief joints.

While the relief joints themselves are not extremely rough, a
significant bump can be felt when driving across the joint. The surface of
the overlay, which was once flush with the concrete surface, has moved
downward. This is due to shoving and rutting of the coverlay. VWhile the
faulting of these joints was not measured, the survey crew did note that
they contributed significantly to the roughness of the pavement. There
were no spalling problems or raveling problems at the relief joint-AC
overlay interface (see Figures 28 and 29).

The "heavy-duty" pressure relief joints installed in 1975 have
performed well in that they have withstood 10 years and approximately 10
million 18-kip [80-kN] ESALs without exhibiting excessive faulting or
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Figure 28. Photo of Pressure Relief Joint Constructed
on IL055252 (Sample Unit 1, Station 4+50).
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Figure 29. Photo of Pressure Relief Joint Constructed on
IL055252 (Sample Unit 2, Station 2+00).
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significant spalling. There are some slight roughness problems on the
approach and leave sides of the repairs, as described above. While this
relief joint design is expensive, it does allow structural overlay of the
pavement without the humping of the surface that often occurs when more
traditional relief joint designs are used.

The need for pressure relief joints on this project is questionable.
The relief joints have closed only 2.0 in [51 mm] in 10 years and the
placement of full-depth repairs (as evidenced by the reflective cracking
observed) probably relieved any pressure problems that existed at the time
of overlay. The use of relief joints where they were not required may have
resulted in premature reflection of the contraction and repair joints as
they opened in response to the available expansion capacity of the
pavement. In spite of this, the relief joints have performed very
satisfactorily, and it cannot be determined that they have adversely
affected the performance of the adjacent joints.

Overall, this rehabilitation project is considered successful, due to
the good performance of the AC overlay. Considering the traffic and rate
of deterioration of this pavement, the expected remaining life of this
pavement is approximately 4-6 years from the survey date, when additional
repairs and/or & structural overlay may be necessary. This would result in
a total life of the rehabilitation of 13 to 15 years.

1i Joints in C inuou i Copcrete P CRCP

OH070066 - The original pavement was 8-in [254-mm] CRCP and was
constructed and opened to traffic im 1969. Four-inch [100-mm] wide,
asphalt concrete-filled pressure relief joints were installed by
maintenance forces in 1970 at half-mile [805-m] intervals in anticipation
of pressure buildup problems. Two-foot [0.6-m] wide, skewed full-depth
asphalt concrete repairs were placed in 1980 prior to placement of a
2.25 in [57 mm] asphalt concrete overlay, to address pavement roughness.

By 1985, the pressure relief joints had sustained about 21 milliom
18-kip [80-kN] ESALs in the outer lane and 5 million in the inner lane.
The overlay had sustained about 7 million in the outer lane and 2.5 million
in the inner lane. Some longitudinal and transverse reflection cracking
was observed, but most of the cracks were sealed and had not spalled.
Low-severity ravelling and weathering was observed at scattered locations
throughout the surveyed sample units. Rutting measurements averaged
0.51 in [13 mm] in the outer lane and 0.15 in [3.8 mm] in the inner lane.
A Roughness Index (GM Profilometer) of 84 (good) and a skid number (ASTM
E274 - locked wheel) of 30 (marginal) were obtained in 1984. PSI was
computed as 3.7 at this time.

The pressure relief joints have reflected through the overlay, have
been sealed and are not spalled (see Figures 30 and 31). The overlay is
not "humped" above the relief joints and the flexible repairs have not
reflected through the overlay and have not caused "humping."

The interruption of the reinforcing steel in CRCP pavements is
discouraged (unless the pavement has absolutely no remaining life and a

structural overlay is to be placed) because the resulting loss of support
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Figure 30.

Phbto of Sealed Crack Over

50

Pressure Relief Joint on OHO70066.
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Photo of Sealed Crack Over Pressure Relief Joint on OHO070066.

Figure 31.
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encourages rapid pavement deterioration in the area of the interruption.
If such deterioration developed after the placement of pressure relief
joints in 1970, prompting the placement of the 1980 overlay, it has not
reflected through the overlay to date, nor have the full-depth bituminous
repairs placed in 1980. The good performance of the overlay can be
attributed to: (1) most of the relief joints had probably closed by the
time the overlay was placed 10 years later, and (2) the overlay is
apparently very pliable, as indicated by the relatively low occurrence of
reflective cracks, the high rutting measurements, and the low skid number.

Although the use of pressure relief joints and full-depth bituminous
repairs has apparently not adversely affected the performance of this
project, their use was probably not jugtified. It would seem that improved
joint maintenance practices and the construction of full-depth repairs at
blowup locations would have provided equal or better service without the
localized roughness and risk of more rapid joint and overlay deterioration
that often accompanies pressure relief joints.

This rehabilitation project is considered successful because of the
good performance of the AC overlay, although rutting and pavement friction
are becoming a problem. This pavement is expected to provide good
serviceability for 4-6 years (6.4 to 9.6 million outer lanme ESALs) from the
date of survey before major rehabilitation (structural overlay) is
required. This would provide a total life of the rehabilitation of 9 to 11
years. ODOT plans to replace the wheel saw cut pressure relief joints with
dowelled and undercut joint repairs in 1986.

OH270029 - The original pavement was six lanes of 8-in [254-mm] CRCP
and was constructed and opened to traffic in 1968 and 1969, respectively.
Four-inch [100-mm] wide, asphalt concrete-filled pressure relief joints
were installed in 1983 at 2000-ft [610-m] intervals due to perceived
pressure problems and fear of accident liability (from blowups). No other
rehabilitation was undertaken.

By 1985, the pressure relief joints had sustained about 1 million
18-kip [80-kN] ESALs in the outer lane, 0.4 million in the middle lane and
0.1 million in the inner lane. The original pavement had sustained about 5
millien in the cuter lane, 2.5 million in the middle lane and 0.6 million
in the inner lane.

A few edge punchouts and deteriorated transverse cracks were observed
in the original pavement. The keyway in the longitudinal joint between the
outer and middle lanes had been removed and this joint had been repaired
with asphalt concrete. A Roughness Index (GM Profilometer) of 112 (fair)
and a skid number (ASTM E274 - locked wheel) of 31 (marginal) were obtained
in 1984. A Present Serviceability Index of 3.0 was computed at this time.

The pressure relief joints are exhibiting medium-severity joint and
corner spalling and transverse cracks adjacent to the pressure relief
joints have deteriorated from tight, nonworking cracks (typical of a CRC
pavement) to spalled, working cracks (see Figures 32 and 33). Punchouts
were more frequently located near the pressure relief joints.
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Figure 32.

Photo of Pressure Relief Joint on OH270029.
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Figure 33.

Photo of Pressure Relief Joint on OH270029
(Same Relief Joint as in Figure 32 ).
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Installation of pressure relief joints on this project was
inappropriate because the compressive stresses in areas that had suffered
blowups in the past were probably sufficiently relieved by the blowups. If
the CRCP is repaired soon after punchouts or ruptured steel occurs there
appears no reason for a buildup of stresses because the tight cracks do not
allow for the infiltration of incompressibles. Further, the interruption
of the continuous reinforcing steel resulted in premature deterioration of
adjacent transverse cracks. If it was absolutely necessary to relieve
pressure, a better approach would have been to remove pavement sections for
the placement of traditional CRC repairs and leave these areas open for
24-~72 hours. A properly constructed repair could then have been installed
by carrying the steel through the repair to keep the cracks tight. This
would also have reduced the possibility of less of support caused by
allowing water to enter a wide relief joint.

This rehabilitation project is not considered successful because of the
poor performance of the pavement in the areas of the pressure relief
joints. The relief joints have deteriorated under relatively light traffic
(only 7% trucks) and rehabilitation of these areas is needed now.

The performance of the pressure relief joints in this project
(OH270029) was similar to that of the project adjacent to it (0H270031).
The pavements are similar in all respects except for the reinforcement
(0H270029 had larger rebar) and the base (0H270029 used 3 in [76 mm] of a
bituminous aggregate mixture, while OH270031 used 4 in [102 mm] of
cement-treated base). The poor performance of the relief joints on both
projects is due to the pavement continuity being destroyed.

OH270031 - The original pavement was six lanes of 8-in [254-mm] CRCP
and was constructed and opened to traffic in 1968 and 1969, respectively.
Four-inch [100-mm] wide, asphalt concrete-filled pressure relief joints
were installed in 1983 at 2000-ft [610-m] intervals because of perceived
pressure problems and fear of accident liability (from blowups). No other
rehabilitation was undertaken.

By 1985, the pressure relief joints had sustained about 1 million
18-kip [80-kN] ESALs in the outer lane, 0.4 million in the middle lane and
0.1 million in the inner lane. The original pavement had sustained about 5
million in the outer lane, 2.5 million in the middle lane and 0.6 million
in the inner lane. Several edge punchouts were observed, particularly in
the inner lane. Transverse cracking was also slightly more severe and more
concentrated in the inner lane, where deteriorated cracks were observed at
an average spacing of 31 ft [9.5 m]. The keyway in the longitudinal joint
between the outer and middle lanes had recently failed (due to spalling
problems) and localized temporary asphalt concrete repairs had been placed
in these areas. A Roughness Index (GM Profilometer) of 112 (fair) and a
skid number (ASTM E274 - locked wheel) of 31 (marginal) were obtained in
1984. A Present Serviceability Index of 3.0 was computed at this time.

The pressure relief joints are exhibiting medium-severity joint and
corner spalling. In addition, transverse cracks adjacent to the pressure
relief joints have deteriorated from tight, nonworking cracks (typical of a
CRC pavement) to spalled, working cracks (see Figures 34 and 35).

Punchouts were more frequently located near the pressure relief joints.
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Figure 34.

Photo of Pressure Relief Joint on
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Figure 35.

Photo of Pressure Relief Joint
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on OH270031.



i l

Installation of pressure relief joints on this project was
inappropriate because the compressive stresses in areas that had suffered
blowups in the past were probably sufficiently relieved by the blowups.
Further, the interruption of the continuous reinforcing steel resulted in
premature deterioration of adjacent transverse cracks. A better approach
might have been to remove pavement sections for the placement of
traditional CRC repairs and leave these areas open for 24-72 hours to allow
for pressure relief. A properly comstructed repair could then have been
installed by carrying the steel through the repair to keep the cracks
tight. This would have reduced the possibility of loss of support caused
by allowing water to enter a wide relief joint.

This rehabilitation project is not considered successful because of the
poor performance of the pavement in the areas of the pressure relief
joints. The relief joints have deteriorated under relatively light traffic
(only 7% trucks), and rehabilitation of these areas is needed now.

11072067 - The original pavement was 7-in [178 mm] CRCP constructed
over 4-in [102 mm] of bituminous stabilized aggregate subbase and openmed to
traffic in 1970. The CRCP had developed severe "D" cracking deterioration
and was spalling in the wheel paths. Four-foot [1.2-m] wide, asphalt
concrete—filled pressure relief joints were installed in 1983 at intervals
ranging from 1000 ft [305 m] to 1300 ft [396 m] in anticipation of pressure
buildup problems. A 2.75 in [70 mm] asphalt concrete overlay was placed
immediately afterward.

By 1986, the rehabilitation features had sustained approximately 1.8
million 18-kip [80-kN] ESALs in the outer lane and 0.3 million in the inmer
lane. The original pavement has sustained approximately 7 million 18-kip
[80-kN] ESALs in the outer lane and 1 million in the inner lane.

Low-severity, unsealed transverse cracks were found throughout the
project, but were concentrated in the first sample unit. Rutting averaged
less than 0.1 in [2.5 mm] in the outer lane and was negligible in the inmer
lane. A Roughness Index of 70 (smooth) was obtained in 1985 with a BPR
Roughometer. Surface friction was also measured in 1985 using a
locked-wheel trailer and a friction number of 51 (good) was obtained.

Medium-severity, unsealed transverse reflection cracks were generally
associated with all of the relief joints surveyed (see Figures 36 and 37).
The portion of the AC overlay directly above the relief joints was often
"humped"” from the movement of the CRCP into the relief joint.

Higher volumes of traffic appear to push the AC from the wheel paths toward
the centers and edges of the lanes. This was not as apparent in the inner
lane, where truck volumes are lower. There was no apparent correlation
between the location and severity of transverse cracks and relief joint
location, although it was noted that the sections of the pavement with the
highest density and severity of transverse cracking did not suffer from
"humping" at the relief joints. Table 2 summarizes the measurement of
"humping" at various locations on this project.

The pressure relief joints placed on this project are inappropriate
because there are no signs that pressure buildup problems existed.
Furthermore, the interruption of the continuous reinforcement can be
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Figure 36.

L L R T

Photo of AC Overlay Above Pressure Relief Joint
Sample Unit | (Station 1+84) of IL072067.
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Figure 37.

Photo of AC Overlay Above Pressure Relief Joint in
Sample Unit 4 (Station 3+75) of IL072067.
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Table 2. '"Humping" of AC Overlay at Pressure Relief Joint Locations
[1 in = 25.4 mm].

INNER LANE OUTER LANE
LEFT CERTER RIGHT LEFT CENTER RIGHT
WHEELPATH OF LANE WHEELPATH WHEELPATH OF LANE  WHEELPATH

1 NO HUMPING NO HUMPING

2 NO BUMPING NO HUMPING

3 0.40 0.90 0.70 0.40 0.60 .10

3 0.30 0.40 0.40 0.40 0.50 0.30

4 0.30 0.40 0.50 0.60 6.70 0.30

4 0.20 0.50 0.40 0.30 0.70 0.30
AVG. 0.30 0.55 0.50 0.43 0.63 0.25
SID. 0.08 0.24 0.14 0.13 0.10 0.10
DEV.

61



expected to result in accelerated deterioration of the transverse cracks in
the immediate vicinity of the relief joints.

The relief joints seem to have performed marginally well with the
asphalt concrete overlay in three years of service. The "humping" presents
a slight roughness problem now, although it is not reflected by the
roughness index.

This rehabilitation project is considered unsuccessful because the AC
overlay is not performing well in the area of the relief joints.
Considering current pavement conditions and traffic levels, it is
anticipated that major rehabilitation will be required in 4-6 years,
although interim maintenance (crack sealing, relief joint milling, etc.)
is likely to be required. This provides a total life of 7 to 9 years. The
relief joints should be replaced with traditional CRC repairs to restore
continuity. '

62



Narrow Relief Joints (5 in [13 mwm] wide or less)

1A030156 - The original pavement was 10-in [254 mm] JPCP with 20-ft
[6-m] contraction joints and was constructed and opened to traffic in
1964. Four-inch [102-mm] wide, polyurethane foam-filled (Flex-Loc)
pressure relief joints were installed in 1980 using Vermeer wheel saws at
1000-£ft [305-m] intervals to prevent pressure buildup problems and
blowups. Details concerning the sealant cap that was placed are not
available. Additional relief joints were placed near bridges. By 1985,
the pressure relief joints had sustained about 0.6 million 18-kip [80-kN]
ESALs and the original pavement had received more than 2 million.

A joint resealing program was conducted within the project in 1984.
The joints were refaced and W. R. Meadows "SofSeal," a hot-poured sealant,
was installed over a backer rod. Design and performance details for the
joint resealing program are described elsewhere in this report.

The condition surveys conducted in 1985 revealed low-severity
longitudinal cracks extending 5 to 10 ft [1.5-3 m] on either side of
several transverse joints (see Figure 38). It is believed that these are
compression cracks caused by entrapment of a few large incompressibles deep
in the joints and the subsequent buildup of compressive stresses during
periods of pavement expansion. Transverse cracks were found only where
transverse joints were omitted and 40-ft [12-m] panels were present. At
these locations a medium—severity transverse crack developed ar the
center of the panel. One cormer break was observed adjacent 'to a pressure
relief joint. Low-severity "D" cracking was found occasionally and had
often resulted in low-severity transverse joint or corner spalling. Most
of the original pavement joints were acceptably smooth, with an average
joint faulting measurement of 0.11 in [2.8 mm]. A Present Serviceability
Index of Roughness (PSIR) of 3.23 (fair) was obtained using an IJK
Roadmeter in 1983 (corresponding to a BPR Roughometer Roughness Index of
124). An average skid number of 33 (marginal) was obtained with a
locked-wheel skid trailer in 1984,

The pressure relief joints (excluding those located near bridges) have
closed to an average width of 0.54 in [14 mm], which is about the same
width as the resealed joints. The relief joints have faulted an average of
0.16 in [4.1 mm] after only 0.6 million ESALs, which compares with 0.1l in
[2.8 mm] and 2.2 million ESALs for the origimal contraction joints. BHalf
of the surveyed relief joints had no filler present and incompressibles
were observed in all of the surveyed relief joints. Several of the relief
joints also exhibited medium-severity transverse joint spalling (see
Figures 39 and 40).

The pressure relief joints installed in 1980 were inappropriate for
this project. They were placed to relieve pressure and prevent blowups and
other pressure-related damage. However, since no pressure damage had
previously occurred and the pavement has short joint spacing, it is
doubtful that the a potential for pressure damage existed. It is unclear
whether compressive stresses were building (e.g., did the observed
longitudinal compression cracks form before or after 1980?) and, if so,
whether the installation of pressure relief joints was the best approach to
address the problem.
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Figure 38.

Photo of Regular Contraction Joint with Longitudinal
Compression Cracks on IA030156.
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Figure 39.

Photo of Typical Pressure Relief Joint
in Sample Unit 2 (Station 8+60) on IA030156.
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Figure 40 .

Photo of Typical Pressure Relief Joint in Sample Unit |
(Station 11+40) on IA030156.
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The presence of the pressure relief joints contributed to further
opening of the transverse contraction joints, enabling water and additional
incompressibles to enter the joints. This opening would also reduce the
effectiveness of the aggregate interlock load transfer, emabling pumping
and increased faulting to develop. The lowa Department of Transportation
has recently changed their pressure relief joint policy and now limits
their use, particularly onm JPCP.

This rehabilitation project is considered successful, although it is
believed that improved performance could have been cbtained by eliminating
the pressure relief joints and following a more rigorous joint resealing
and maintenance program.

Considering the current pavement condition, rate of deterioration, and
current accumulation of traffic, the pavement can be expected to provide
acceptable performance for approximately 8 to 10 years from the date of the
survey. Thus, major rehabilitation, in the form of diamond grimding and
joint repairs, is expected as early as 1993 or as late as 1995 for a total
life since rehabilitation of 13 to 15 years. Local rehabilitation is
presently needed near some of the relief joints.

1A035086 - The original pavement was 10-in [254 mm] JRCP with 76.5-ft
[23.3 m] contraction joints and was constructed and opened to traffic in
1965. Four-inch [102-mm] wide, polyurethane foam-filled (Flex-Loc)
pressure relief joints were installed in 1980 using Vermeer wheel saws at
1000-£ft [305-m] intervals to prevent pressure buildup problems and
blowups. Details concerning the sealant cap that was placed are not
available. Additional relief joints were placed near bridges.

Full-depth repairs have been placed at about 70% of the original
contraction joints, with placement beginning in 1977 and continuing to the
present. They have been placed to address transverse joint deterioration
(generally due to "D" cracking) and represent the evolution of full-depth
repair design in Iowa since 1977. Their designs and performance are
detailed in other portions of this report.

By 1985, the pressure relief joints had sustained about 2.5 million
18-kip [80~kN] ESALs in the outer lane and about 0.5 million in the inner
lane. The original pavement had received more than 7 million in the outer
lane and 1.3 million in the inner lane.

The condition surveys conducted in 1985 revealed low- and medium-
severity transverse cracking (average crack spacing of 25 ft [7.5 m] in the
outer lame), joint spalling, "D" cracking, localized areas of scaling,
joint sealant deterioration and unacceptable joint faulting, especially at
the repair and relief joints. A Present Serviceability Index of Roughness
(PSIR) of 3.75 (fair-good) was obtained using a IJK Roadmeter in 1983. The
corresponding BPR Roughometer Roughness Index was 90. A skid number of 37
(marginal) was obtained with a locked wheel skid trailer in 1984.

The pressure relief joints (excluding those located near bridges) have
closed to an average width of 0.84 in [21 mm] and have faulted an average
of 0.23 in [5.7 mm]. The filler is frequently absent and the joints are
full of incompressibles (see Figures 41 and 42). Several of the relief
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Figure 41.

Photo of Pressure Relief Joint
Filled with Incompressibles on IA035086.
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Figure 42.

Photo of Pressure Relief Joint with
Filler Intact on IA035086.
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joints have medium-severity spalls along the transverse joints and at the
corners. Most of the adjacent original contraction joints have been
replaced, but those that are present are faulted nearly twice as much as
those located at some distance from the relief joints.

The pressure relief joints were inappropriate for this project because
no evidence of blowups occurring prior to installation of the relief joints
was observed and the placement of repairs in every year since 1977 would
have relieved much of the compressive stress present. Although most of the
original contraction joints have been replaced with full-depth repairs,
faulting, spalling and joint width measurements of the remaining joints
indicate the adverse effects of unnecessary relief (see Table 3). Also,
some of the spalling and faulting of the 1979 and 1981 undowelled repairs
may be due to the opening of their joints (due to the presence of the
relief joints and other repair openings) which allowed the entry of
incompressibles @nd later produced spalling.

This rehabilitation project is considered successful because the
overall serviceability of the pavement has been maintained by the
replacement of joints and repair of deteriorated cracks as necessary. The
superior performance of the more recent repair designs is documented in
another portion of this report. It is believed that the pre-1983 repairs
(undowelled) will continue to deteriorate rapidly and require
rehabilitation within the next few years to maintain servicesbility.

It was noted that the best performance was found in s section of
pavement constructed with an aggregate less susceptible to "D" cracking.
This section exhibits little distress and clearly indicates that "D"
cracking (i.e., a nondurable aggregate) was the major contributing factor
to the deterioration of the rest of the project.

IL055098 - The original pavement was 10-in [254 mm] JRCP with 100-ft
[30.5 m] contraction joints and was constructed and opened to traffic in
1962 and 1963, respectively. Four-inch [100-mm] wide, ethafoam-filled
pressure relief joints were installed in 1970-1975 using Vermeer wheel saws
at quarter-mile [402-m] intervals as part of a "policy" aimed at preventing
pressure buildup problems. The relief joints were sealed with asphalt
sealant material. Additional relief joints were placed near bridges in
1983. Full-depth repairs were placed at most joints in 1983 to address a
moderate~to-severe "D" cracking problem. About half of these repairs were
replaced in 1984 due to deep spalling and loss of load tramsfer. All of
the repairs utilized three 1.25-in [32-mm] dowels in the outer wheel path
and two in the inner wheel path for load transfer. Some of the 1984
repairs included an extra dowel in each wheel path and a built-in two-inch
[51-mm] wide relief joint filled with Ceramar preformed plastic joint
filler and a hot-poured joint sealant conforming to ASTM D3405. Four-inch
[100-mm] diameter slotted plastic pipe drains were placed continuously
along the project after the full-depth repairs were in place in 1983. The
approach and leave slabs surrounding each repair were subsealed with cement
grout in 1984 after the failed 1983 repairs were replaced.

By 1985, the pressure relief joints had sustained between 9 and 13
million 18-kip [80-kN] ESALs in the outer lane and between 2 and three
million ESALs in the inner lane. The other techniques had sustained about
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Table 3. Summary of Joint Faults and Widths in Sample Unit 2 (Milepost
105.0-Southbound) of IA035086 [1 in = 25.4 mm].

L D N B M B B O e

OUTER INNER

STATION TYPE OF FAULT WIDTH STATION TYPE OF FAULT WIDTH
JOINT (in.) (in.) JOINT (ipn.)  (ipn.)
0+00 Reg Cont 0.13 0.7 0+00 Reg Cont 0.05 0.6
0+76  Reg Cont 0.09 0.5 0+76 Reg Cont 0.05 0.6

1453  Reg Cont 0.08 0.7 1+53 Reg Cont 0.00 0.7 -
2429  Reg Cont 0.17 0.4 2+29  Reg Cont 0.03 0.7
3406 Reg Cont 0.17 0.5 3+06 Reg Cont 0.00 0.6
3482  Reg Cont 0.06 0.5 3+82 Reg Cont -0.01 0.6
4459  Reg Cont 0.12 0.6 4+59  Reg Cont 0.05 0.7
5+35 Reg Comt 0.25 0.5 5+435 Reg Cont 0.04 0.6
6+12 Reg Cont 0.22 0.5 6+12 Reg Cont 0.04 0.7
6+47  Pr Relief 0.32 0.9 6+47 Pr Relief 0.09 0.7
6+88 Reg Cont 0.33 0.5 6+88  Reg Cont 0.03 0.5
7+65  Reg Cont 0.35 0.7 7465  Reg Cont 0.06 0.6
8+41 Reg Cont 0.15 0.5 8+41 Reg Cont 0.02 0.6
9417 Reg Cont 0.14 0.6 9+17 Reg Cont 0.01 0.6
9493 Reg Cont 0.10 0.5 9+93 Reg Cont 0.03 0.5
10470 Reg Cont 0.07 0.5 10470 Reg Cont -0.02 0.5

Note: Positive faulting measurements indicate that the

approach side of the joint is higher than the

leave side. Negative faulting measurements indicate
that the leave side of the joint is higher than the
approach side.
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2 million 18-kip [80-kN] ESALs in the outer lane and 0.5 million in the
inner lane and the original pavement had received more than 17 million in
the outer lane and 3 million in the inner lane.

The condition surveys conducted in 1985 revealed low- and occasional
medium-severity transverse cracking, joint and corner spalls, "D" cracking,
localized areas of scaling, joint sealant deterioration and unacceptable
joint faulting. Many of the drain outlets were partially filled with silt
and sediment. A Roughness Index of 114 (slightly rough) was obtained with
a BPR Roughometer in 1985. A skid number of 50 (good) was obtaimed with a
locked-wheel skid trailer in 1985.

The pressure relief joints that were installed in the early 1970s have
closed to an average width of 0.8 in [20 mm] and have faulted an average of
0.22 in [5.6 mm]. The filler is intact, but the sealant cap is missing.
The adjacent original contraction joints have opened and are filled with
incompressibles. Where relief joints were incorporated as full-depth
repair joints, they have not closed appreciably and are still sealed. None
of the relief joints have exhibited significant transverse joint spalling,
although corner spalling was observed near the outer shoulder. The
full-depth repair performance is described elsewhere in this report.

The pressure relief joints were inappropriate for this project because
there were no signs of pressure buildup problems and the installation of
the full-depth repairs at every joint should have alleviated any built-up
pressure. The installation of these joints may have aggravated the pumping
and loss of load transfer problems of the pavement, as seen by the spalling
and faulting of the repairs soon after their placement. Also, the adjacent
original transverse contraction joints and working cracks near the pressure
relief joints have opened and filled with incompressibles.

Although the expected remaining life before rehabilitation of this
pavement is approximately three to five years from the date of survey, IDOT
planned an asphalt concrete overlay for the fall of 1985 to improve the
rideability of the pavement.

IL055102 - The original pavement was 10-in [254 mm] JRCP with 100 ft
[30.5 m] contraction joints and was constructed in 1962 and opened to
traffic in 1963. Four-inch [100-mm] wide, ethafcam-filled pressure relief
joints were installed in the period of 1970-1975 using Vermeer wheel saws
at quarter-mile [402-m] intervals as part of a "policy" aimed at preventing
pressure buildup problems. The relief joints were sealed with a hot-poured
asphalt sealant. Relief joints were also placed in 1983 near bridges.

Full-depth repairs were placed at about 20% of the joints in 1983 to
address joint and corner spalling (not related to "D" cracking) and cormer
breaks. These were generally partial-lane width repairs utilizing three
1.25-in [32-mm] dowels in the outer wheel path and two in the inner wheel
path for load transfer. Four~inch [100-mm] diameter slotted plastic pipe
drains were placed continuously along the project after the full-depth
repairs were in place in 1983. Portions of the surveyed pavement were part
of an experimental project on undersealing (66). Diamond grinding was
performed in 1983 after the installation of the full-depth repairs.
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By 1985, the pressure relief joints had sustained between 7 and 11
million 18-kip [80-kN] ESALs in the outer lane and between 1.5 and 2
million in the inner lane. The other techniques had sustained about 2
million 18-kip [80-kN] ESALs in the outer lane and 0.5 million in the inner
lane and the original pavement had received more than 14 million in the
outer lane and 2 million in the inner lane.

The condition surveys conducted in 1985 showed joint sealant
deterioration, incompressible-filled transverse joints, medium—severity
transverse joint and corner spalling, low- and medium-severity transverse
cracking (20-ft [6-m] intervals) and localized areas of scaling. The
remaining transverse contraction joints were faulted an average of 0.03 in
[0.7 mm] and were open an average of 0.4 in [10 mm]. Many of the drain
outlets were partially filled with silt and sediment. A Roughness Index of
66 (very smooth) was obtained with a BPR Roughometer in 1985. A skid
number of 49 (gopd) was obtained with a locked wheel skid trailer in 1985.

The pressure relief joints that were installed in the early 1970s have
closed to an average width of 1.0 in [25 mm] and have faulted an average of
0.06 in [1.5 mm]. The filler and sealant are absent from some of the
surveyed relief joints and these joints are filled with incompressibles.
The adjacent original contraction joints are opened slightly more than the
average width and are also filled with incompressibles. Some of the relief
joints have exhibited low- to medium—severity transverse joint spalling and
some corner spalling (see Figures 43 and 44). The full-depth repair
performance is described and discussed in another portion of this report.

The pressure relief joints were inappropriate for this project because
there were no signs of pressure buildup problems. Their use has had the
undesirable effect of allowing many of the remaining original contraction
joints to open and f£ill with incompressibles. These open adjacent joints
can be expected to fault more rapidly as water enters and causes pumping of
the dense-graded subbase. The relief joints themselves are already showing
much more faulting than the average contractiom joints.

This project is considered successful largely because of the smooth
surface provided by the diamond grinding operation. The expected remaining
life before rehabilitation of this pavement is approximately four to seven
years from the date of survey, although it could be serviceable for a
longer period if the experimental undersealing project successfully reduces
the pumping and faulting.

This project is very similar to the adjacent project, IL055098, but has
performed much better primarily because of the inclusion of a non-"D"
cracking aggregate in the original construction project. It has also
received slightly less traffic.

1L080105 - The original pavement was a 10-in [254 mm] JRCP with
100-ft [30.5 m] contraction joints and was constructed and opened to
traffic in 1960. Four-inch [100-mm] wide, cellular plastic-filled pressure
relief joints were installed near midslab at quarter-mile [402-m] intervals
in 1984 using wheel saws in anticipation of pressure buildup problems. A
few of the relief joints were filled with asphalt concrete instead of
preformed cellular plastic filler. The relief joints were sealed with a
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Figure 43.

Photo of Pressure Joint on IL055102
with Medium~ to High-Severity Spalling.-
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Figure 44.

Photo of Pressure Relief Joint Filled with
Incompressibles on IL055102.
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cold-applied asphalt sealant material meeting ASTM D1850. Additional
rehabilitation techniques applied include full-depth repairs (1983 and
1985), an experimental installation of longitudinal underdrains (1983),
cement—grout undersealing (1984), diamond grinding (1984), load transfer
restoration (1984), and joint resealing (1984). The design and performance
of these additional rehabilitation techniques are described in detail in
Reference 66. The design and performance of the full-depth repairs and
joint resealing projects are also described in other portions of this
report.

By 1985, the pressure relief joints had sustained about 1 million
18-kip [80 kN] ESALs in the outer lane and 0.2 million in the inner lane.
The original pavement had received nearly 16 million in the outer lane and
3 million in the inner lane.

The condition surveys conducted in 1985 found a lot of medium—~severity
transverse cracks (many containing retrofit load transfer devices) and some
low- and high-severity cracks. The average crack spacing was 15-20 ft
[4.5-6.0 m]. Medium-severity longitudinal joint spalling was found
throughout two of the four sample units surveyed, although "D" cracking and
reactive aggregate were not observed.

Joint sealant was absent from more than 504 cf the joints that were not
included in the 1984 resealing project and incompressibles were observed in
7% of these joints. All of these original contraction joints exhibited
low- or medium-severity transverse joint and corner spalling. The joints
included in the resealing program were all well-sealed and unspalled. The
remaining transverse contraction joints were faulted an average of 0.03 in
[0.7 mm] in 1985 and an average of 0.07 in [1.8 mm] in 1986. There was a
significant difference in faulting between sections with different drainage
designs.

A history of average roughness index and surface friction values for
the project is presented in the following table:

YEAR ROUGHNESS INDEX SURFACE FRICTIOR
1980 - - - 36 (marginal)
1981 - - - - - -

1982 151 (rough) - - -
1983% 51 (very smooth) 48 (good)

1984 73 (very smooth) 40 (good)

1985 64 (very smooth) - - -
1986 82 (smooth) 40 (good)

*
Diamond grinding was performed this year.

Roughness was measured using a BPR Roughometer, while surface friction
was measured using a locked-wheel trailer.

The pressure relief joints that were installed in 1984 had closed to an
average width of 3.5 in [89 mm] and had faulted an average of 0.16 in
[4.0 mm] in 1985 (twice the faulting of the original contractiom joints).
The filler was absent from two of the three relief joints surveyed and
these joints contained incompressibles (see Figures 45 and 46). The third
relief joint was located in the joint resealing project and it showed no
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Figure 45.

Photo of Typical Pressure Relief Joint in Sample Unit |
(Station 2+40) of IL080105.
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signs of deterioration. Adjacent contraction joint faulting on the
approach side of the relief joints was about the same as the average
faulting for the project; adjacent contraction joint faulting on the leave
side of the relief joints was slightly higher. Joint widths surrounding
the relief joints were not significantly wider than the project average.

The pressure relief joints were inappropriate for this project because
there are no signs that pressure buildup problems existed at the time of
their placement, as indicated by the very small relief joint .closure that
has taken place. The placement of full-depth repairs in 1983 and again in
1985 would also have relieved much of any pressure buildup problem, making
the installation of relief joints unnecessary The presence of additional
expansion capacity probably contributed to (but was not by any means solely
responsible for) the premature failure of the experimental load transfer
devices that were installed on this project, as well as the more rapid
deterioration of, transverse cracks in the area of the relief joints.

Overall, this rehabilitation project is considered moderately
successful. Good performance was obtained from the full-depth repairs,
joint resealing, diamond grinding, and longitudinal underdrains, but there
were also problems with the load transfer restoration rehabilitatiom.

While major rehabilitation will clearly be required in several years,
some activities should be undertaken now to maintain a higher overall level
of serviceability:

1. A review of the 1983 repairs should be conducted, with
removal and replacement of those exhibiting serious distress.

2. The failed load transfer devices should be removed and
replaced with more reliable devices.

3. A joint resealing project should be performed over the entire
project, although there is a problem of sealing 100 ft
[30.5 m] slabs.

4. A crack sealing program should be performed.

LA055032 - The original pavement was 10 in [254 mm] JRCP with 58.5-ft
[17.8-m] contraction joints and was constructed and opened to traffic in
1966. Four-inch [102-mm] wide, cellular plastic-filled (Flex-Loc) pressure
relief joints were installed in the northbound lanes in 1980 using Vermeer
wheel saws at half-mile [805-m] intervals to relieve expansive pressures
and, thus, eliminate blowups. The gouthbound lanes served as a "control"

section, where no relief JOlntS were placed. This experimental prOJect
evaluated the performance of selected relief joints and the economic
benefits of cutting such relief joints versus not cutting the joints and
the associated cost of repairing resulting blowups (99).
L gder cosks tanived T

By 1985, the pressure relief joints had sustained about 2.7 million
18-kip [80-kR] ESALs in the outer lane and 0.5 million in the inner lane
while the original pavement had received more thanm 5.5 million in the outer
lane and 0.8 million in the inner lane.
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The condition surveys conducted in 1985 revealed some low-severity
transverse slab cracking in both directions and one full-depth repair in
the southbound lanes where a blowup had occurred at a joint. A total of 15
blowups occurred in the southbound lane over the 25-mile [33.8-km] section
while none occurred in the northbound lsne where the pressure relief joints
were placed (99).

The joint sealant was absent from nearly 20% of the surveyed original
transverse contraction joints and varying amounts of incompressibles were
observed in most of the joints throughout the project. Forty~five percent
of the southbound lane original contraction joints and thirty-nine percent
of the northbound lane original contraction joints are exhibiting
medium-severity transverse joint and corner spalling; a few are displaying
high-severity spalling. Corner spalling is more prevalent in the
northbound lanes and is typically located on the leave side of the joint.
This indicates that the relief joints did not reduce joint spalling.
Original contraction joint fault measurements averaged 0.22 in [5.6 mm] in
the outer lane and 0.14 in [3.6 mm] in the inner lane. More than half of
the outer lane joints are unacceptably rough.

Roughness measurements were not available for this pavement, but PSIs
were computed in 1983 (morthbound average PSI = 3.7, southbound average PSI
= 3.4). A skid number of 42 (good) was obtained in 1985.

The pressure relief joints have closed to an average width of 1.5 in
[38 mm]and have faulted an average of 0.13 in [3.3 mm]. The filler in
these joints is absent and the joints are full of foreign materials. Most
of the joints display low-severity joint and cormer spalling. The
immediately adjacent contractiom joints (on either side of the relief
joint) have opened to an average width of 0.8 in [20 mm], and most of these
adjacent joints are filled with incompressibles. Figure 47 is a plot of
joint width versus sample unit stationing and is representative of the
effect of the relief joints on the adjacent regular contraction jeints
within this project. Generally, the closer the joint to the relief joint,
the wider the joint. Figure 48 provides a similar picture for the
southbound sample unit with no pressure relief, but where a blowup
occurred. The adjacent joints are very wide near the blowup and then
become narrower as the distance from the blowup increases.

The Louisiana Department of Transportation and Development (LDOTD) has
monitored the pressure relief joint width for several of the relief joints
(99). This information is presented in Table 4. A continual closing of
most of the joints has occurred as noted before.

The general conclusions of the study by LDOTD on the use of the
pressure relief joints were (99):

1. they were effective in eliminating blowups, therefore saving the
cost of blowup repair and eliminating possible hazard to the
motoring public.

2. they were effective in prolonging the life of PCC pavements by
reducing premature pavement distress due to contraction joint
failure.

The results of the field surveys lend support to the first conclusion, but

not the second.
80



18

JOINT WIDTH (in)

OSNUNLONDOO=NUIMNMNOINDOO
L

0000000000 ~==r2z=====N

QUTER LLANE

- ko
~ »
N [

v
" 5 -
— N 4w

”e
] MR

al|l™
- f
| &\H‘ T/ﬁ\bﬁ%
: _“E’/E\ -8
. T T T i T T i I ' '

0100 2100 400 6+00 8+00 10+00 12+00
STATION
Figure 47. Plot of Joint Width Versus Station for Milepost 45.9

(Outer Lane) of LA055032 [1 in = 25.4 mm] .



OUTER LANE

-1 Repaired Blowup

8
JOINT WIDTH (in)

OLNUNIONDOOSNUWUINTONDOD
L

T T T T | T T T T 1 1
0.00 2.00 4.00 6.00 8.00 10.00 12.00
STATION

Figure 48. Plot of Joint Width Versus Station for Milepost 35.1
(Southbound Direction - Outer Lane) of LA055032
[1 in = 25.4 mm].



Table 4. Monitoring of Selected Relief Joint Widths
[1 in = 25.4 mm] (99).

Date of Measurement

Relief
Joint
No. 10-80 8-81 9-81 1-82 7-82 1-83 9--83 9-84
2 4.0 2.9 3.0 3.1 2.7 2.8 3.0 2.6
6 4.0 3.8 3.9 3.6 3.2 3.3 2.8 2.7
7 4.0 2.3 2.3 2.4 1.3 1.5 1.2 1.25
8 4.0 2.7 2.4 3.8 1.8 2.0 1.5 1.4
9 4.0 4.4 4.1 4.1 3.7 3.6 3.1 2.6
10 4.0 0.8 0.8 0.8 0.9 0.9 0.7 0.53
15 4.0 0.8 0.9 0.9 0.9 1.2 1.0 0.66
20 4.0 0.8 0.9 1.1 0.8 0.8 0.9 0.90
25 4.0 2.0 1.9 2.0 1.3 1.7 1.2 1.25
30 4.0 2.3 2.4 2.4 1.7 2.1 1.7 1.50
35 4.0 2.2 2.4 2.4 1.9 1.9 1.6 1.60
39 4.0 1.3 1.3 1.3 0.8 1.0 0.8 1.00
43 4.0 1.3 1.4 1.1 0.9 1.2 0.7 0.80
;verage 4.0 2.1 2.1 2.2 1.7 1.8 1.6 1.40
Note: Forty-five relief joints were cut in October, 1980, and these were

numbered from north to south. Thus, the number of the relief
joint can give an approximate location of the relief joint within
the project.
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The pressure relief joints installed in the northbound lanes have been
effective in preventing the occurrence of blowups, but have not reduced
joint deterioration or significantly improved pavement serviceability. The
adjacent regular contraction joints near the relief joints have opened and,
where the sealant is absent, are filled with incompressibles. However, the
joints near the blowup have also opened up and are filled with
incompressibles. Spalling and faulting of the transverse joints are
approximately the same in both the northbound and southbound lanes. This
is expected, since pressure was eventually relieved in both directions. No
cracks have deteriorated appreciably in either direction. The two
northbound and southbound sections have comparable PSI values.

It is doubtful that the pavement expansion problem would have developed
with a good joint maintenance program in place. It is likely that cleaning
the incompressibles from the joints and resealing prior to the occurrence
of blowups would have significantly reduced the deterioration of this
pavement and resulted in a higher overall level of serviceability.

The expected remaining life of the pressure relief joints is about 8 to
10 years (6.2 million ESALs) before they are fully closed. Blowups may
again occur if new relief joints are not cut at that time. Perhaps a
better solution would be to clean out the transverse joints with high
pressure water to remove the existing incompressibles and then reseal the
joints to keep out incompressibles.

MI127 - The original pavement was 9-in [229 mm] JRCP with 99-ft
[30-m] contraction joints and was constructed and opened to traffic in
1956. Pressure relief joints were installed in the southbound lanes in
1972 using diamond saws. The porthbound lanes served as a "control"
section. The pavement served the Michigan Department of State Highways and
Iransportation as an experimental section to evaluate the merit of
preventive maintenance of concrete pavement joints. Full-depth repairs
(precast and cast-in-place) were placed in the southbound (relieved) lanes
as required just prior to installation of the relief joints. They were
also placed in the northbound (control) lanes, as required, on an annual
basis. These repairs included 2 in [51 mm] undowelled expansion joints for
both the approach and leave joints. Details concerning the design and
performance of the full-depth repairs installed on this project are
included in other portions of this report. Additional information is also
available in Reference 115.

The four-inch [102-mm] wide, polyethylenme-filled pressure relief joints
were placed at intervals such that each was a minimum of 200 ft [61 m] and
a maximum of 1200 £t [366 m] from the nearest full-depth repairs, since
these repairs served to relieve compressive stresses locally. The relief
joints were also placed 6 ft [1.8 m] away from the nearest contractionm
joint. The concrete between the saw cuts was removed using air hammers and
hand tools, the joint was cleaned, and a lubricant-adhesive was applied to
the joint walls. The filler was then placed in the joints and the excess
filler was cut off flush with the pavement.

By 1985, the pressure relief joints had sustained about 2.8 million
18-kip [80-kN] ESALs in the outer lane and 0.4 million in the inner lane
while the original pavement had received more than 5 million in the outer

lane and 0.7 million in the inner lane.
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The condition surveys conducted in 1985 revealed all levels of
transverse slab cracking in both directioms, although the density and
severity of cracking found in the southbound (relieved) lanes was much
higher than that found in the northbound (control) lanes, as shown below
[1 £t = 0.30 m; 1 mile = 1.6 kml:

Avg. No. of Cracks/Mile
(Avg. No. of Cracks/99 ft slab)

Southbound Northbound
Crack Severity Outer Inner Quter Innex
Low (hairline) 134 (2.52) 53 (0.99) 79 (1.49) 41 (0.77)
Medium (working) 57 (1.06) 75 (1.41) 18 (0.33) 18 (0.33)
High (badly spalled) 34 (0.64) 34 (0.,64) 9 (0.,17) 6 (0.11)
TOTAL 225 (4.22) 162 (3.04) 106 (1.99) 65 (1.21)

Figure 49 is' a photo of a high-severity transverse crack found in the
southbound lanes. One low-severity blowup was also found in the southbound
lanes. Low-severity scaling was occasionally identified, but corner
breaks, "D" cracking and reactive aggregate problems were not observed.

The contraction joint sealant was generally intact, but nevertheless,
the joint often contained incompressibles. These regular contraction
joints consistently exhibited medium-severity transverse joint and corner
spalling throughout all of the surveyed sample units (see Figure 50). The
northbound lanes, however, displayed much higher severity spalling and
pressure damage. Figure 51 shows the average length of transverse joint
spalling observed at each contraction joint and how it continued to
increase in both the relieved and unrelieved lanes after the placement of
the relief joints. The rate of increase appears to be slightly lower for
the relieved lanes. As mentioned above, the spalls observed in 1985 were
more severe (deeper and longer over a given width) in the northbound
lanes. Comparing the location and severity of the spalls in the two
directions suggests that, although the average length of spalling at the
joints is nearly equal, the northbound spalls are more pressure-related
than the southbound spalls.

Contraction joint faulting was generally about twice as high in the
northbound (unrelieved and more damaged) lanes as in the southbound
(0.11 in [2.8 mm] versus 0.05 in [1.3 mml); however, nearly all of the
joints met the acceptance criteria for smoothness. The largest faults and
joint widths were often found near relief joints or full-depth repairs.

Longitudinal joint faulting was identified throughout the southbound
sample units and at a few locations in the northbound samples. This
faulting was generally in the range of 0.25-0.50 in [6.4-12.8 mm].

Surface friction was measured in October, 1979 using a locked wheel
trailer with ASTM E274 standard tire. Skid numbers ranged from 40 to 54
(good) in both lanes of each direction. Recent roughness measurements
were unavailable and Present Serviceability Index (PSI) values could not be
calculated from the data provided.

The pressure relief joints installed in 1972 have closed from 4 in
[102 mm] to an average width of 0.55 in [14 mm], and have faulted an
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Figure 49.

Photo of High-Severity Crack in Sample Unit 3
(Station 9+60) on MI127.
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Figure 50.

Photo of Regular Contraction Joint in Sample Unit
(Station 4+06) on MI1l27.
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average of 0.27 in [7 mm]. The joint filler was still intact and was
keeping incompressibles from entering. Transverse joint and corner
spalling were not exhibited in conjunction with any of the relief joints.

Summer and winter measurements of the relief joints were made each year
between 1972 and 1979 and these measurements are summarized in Figure 52
(115). This figure shows that the largest amount of relief joint closure
generally took place in the first year after installation. It also
indicates that the period of effectiveness of these relief joints ranged
from about 3 to 7 years, as indicated by the constant joint openings
observed after this time period.

Reference 115 indicates that the width of contraction joints located
near relief joints (and where the slab was free of transverse cracks with
fractured steel) was directly related to the distance of the contraction
joint from the relief joint. The average width of the nearest joint was
found to be 1.14 in [29.0 mm], the second joint width averaged 1.04 in
[26.4 mm] and the third joint width averaged 0.88 in [22.4 mm]. All of
these measurements were taken at a temperature of about 450F [70C]. No
such pattern was observed in 1985 but it is likely that the joints were
tighter because the survey was conducted on a warmer day and that the
widths have stabilized because the surrounding slabs all contain
deteriorated transverse cracks.

The pressure relief joints installed in 1972 were an effective means of
preventing blowups and pressure-related joint damage from occurring in the
southbound lanes. Fifty percent of the joints in the southbound lanes were
deteriorated, compared with 77Z in the northbound lanes. Data collected by
MDOT indicates that these joints served their intended functiom for 5 to 7
years before they closed permanently. In 1979, eight full-depth repairs
were placed at joints in the southbound lanes to address spalling problems.
The placement of additional relief joints at this time may have slowed the
rate of joint spalling.

While the relief joints have greatly reduced the deterioration of the
transverse joints, they have allowed the transverse cracks to deteriorate
to the point where the rehabilitated southbound lanes will now require more
repair than the unrelieved northbound lanes, which exhibit badly spalled
joints but little slab cracking. It is possible that a narrower relief
joint design would have protected the transverse joints and prevented the
transverse cracks from deteriorating as much.

Relief joints were not placed at constant intervals on this project,
but at intervals that would best benefit unrepaired portions of the
pavement (i.e., they were not placed near full-depth repairs where the
installation of such repairs would have alleviated any compressive stresses
in the immediate vicinity). This is evidenced in the sample unit taken
near station 759+00 in the southbound lanes, where the relief joint is
located 300 ft [91 m] from the nearest repair. This distance could
probably have been increased to 500 ft [152 m] to reduce the possibility of
over-relieving the pavement in this area.

The pressure relief joints exhibited high levels of faulting (average
relief joint faulting = 0.27 in [6.9 mm]) which might have been reduced
with the inclusion of load transfer devices.
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This pavement was 16 years old when the relief joints were installed.
This project presents evidence that the installation of relief joints
should be kept to a minimum when well developed transverse cracks are
present. An alternative to the installation of pressure relief joints in
this case would have been to thoroughly clean the transverse joints and
working cracks to remove the materials that are causing the pavement to
build pressure, and then reseal them. The placement of full-depth repairs
with load transfer devices and without expansion joints would have relieved
any built-up pressure without allowing the adjacent cracks to open further.

The overuse of relief and repair expansion joints has caused excessive
breakdown of the transverse cracks to the point where the rehabilitated
lanes now require more additional rehabilitation than the non-rehabilitated
lanes. In fact, successful rehabilitation of the northbound lanes could be
accomplished with only full-depth joint repairs, installation of subdrains
and diamond gringing while the southbound lanes require extensive slab and
joint repairs, a structural overlay or reconstruction.

Suggested improvements to the repair and relief joint designs include:
1. Provision of load transfer across all joints,

2. Narrower relief and expansion joint widths to prevent excessive
movement of adjacent joints and cracks.

3. Additional separation between relief joints and concurrently
placed full-depth repairs.

NE080189 - The original pavement was 9-in [230 mm] JRCP with 46.5-ft
[14.2 m] contraction joints and was constructed and opened to traffic in
1965. Four-and-a-half-inch [114-mm] wide pressure relief joints were
installed near mid-slab in 1981 at 2000-ft [610-m] intervals using a wheel
saw to reduce expansive pressures caused reactive aggregate. A preformed
cellular joint filler (Flex Lok) was installed. Full-depth repairs without
mechanical load transfer devices were placed at about 27% of the drivinmg
lane joints and 8% of the passing lane joints to address reactive aggregate
spalls. Additional repairs were placed in 1985 to address further joint
deterioration. The joints were also resealed in 1985 (after the survey was
completed) using a hot-poured sealant (Roadsaver 213, manufactured by
Crafco, Inc.) conforming to ASTM D3405-78.

By 1985, the pressure relief joints had sustained about 4 million
18-kip [80-kN] ESALs in the outer lane and 1 million in the inner lane.
The original pavement had received more than 13 million in the ocuter lame
and 2.5 million in the inner lane.

The condition surveys conducted in 1985 showed reactive aggregate
distress (see Figure 53), low- and some medium-severity transverse
cracking, transverse joints with extruded sealant and incompressibles in
some joints, medium-severity transverse joint and corner spalling (mostly
in the outer lane) and localized areas of scaling. The remaining
transverse contraction joints were faulted an average of 0.02 in [0.5 mm]
and were open an average of 0.3 in [7 mm]. An average Roughness Index of
120 (good) was obtained with a Mays Ride Meter in 1985. A skid number of
44 (good) was obtained with a locked wheel skid trailer in 1984,
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Figure 53.

Photo of Reactive Aggregate Distress Observed on
NE080189.
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The pressure relief joints that were installed in the 1981 have closed
to an average width of 0.8 in [20 mm] and have faulted an average of
0.09 in [2.3 mm], more than four times the contraction joint average
faulting. The filler is still intact and only low severity spalling was
observed. The adjacent original contraction joints have not opened
appreciably wider than project average joint width. Table 5 and Figure 54
summarize and illustrate the closure of the pressure relief joints on this
project over time, as measured by the Nebraska Department of Roads.

The pressure relief joints were an appropriate measure taken to combat
the compressive stresses which result from the pavement growth caused by
the reactive aggregate. This need for relief was evidenced by the amount
of closure of the relief joints (average amount of closure 3.7 in [94 mm]),
although it is interesting to note that the average amount of closure is
approximately equal to the total amount that the intermediate contraction
joints have opened (0.1 in [2.5 mm] opening x 45 joints = 4.5 in [124 mm]).

Since full-depth repairs were to be placed that same year (1981), it is
possible that the installation of the repairs would have relieved any
built-up pressure. The relief joints do not appear to have had an adverse
affect on the performance of the rest of the pavement.

Overall, this rehabilitation project is considered successful due to
the good performance of the full-depth repairs. Most of the joints in both
lanes are smooth, and spalling is not of concern. The pressure relief
joints were probably an appropriate effort to reduce pressure damage,
although they have faulted rapidly and the adjacent contraction joints have
opened slightly.

This pavement can be expected to provide good serviceability for 2 to
five years from the date of survey before major rehabilitation is required
to address joint and crack spalling caused by the presence of the reactive
aggregate.

NE080210 - The original pavement was 9-in [230] JRCP with 46.5-ft
[14.2 m] contraction joints and was constructed and opened to traffic in
1964. Four-and-a-half inch [1l4-mm] wide pressure relief joints were
installed near mid-slab in 1980 at 2000-ft [610-m] intervals using a wheel
saw to reduce the expansive pressures caused by reactive aggregate. A
preformed cellular joint filler (Flex Lok) was installed. Full-depth
repairs without load transfer devices were placed in 1979 at nearly 90% of
the joints in either lane to address spalls caused by reactive aggregate
problems. Some major cracks were also repaired. The design and
performance of the full-depth repairs is described in detail elsewhere in
this report.

By 1985, the pressure relief joints had sustained about 6 million
18-kip [80-kN] ESALs in the outer lane and 0.5 million in the inner lane.
The original pavement had received more than 15 million in the outer lane
and 1 million in the inner lane.

The condition surveys conducted in 1985 found low-severity transverse
cracks present in about half of the surveyed slabs and advanced reactive
aggregate distress throughout the pavement, although it was most severe

near the joints.
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Table 5.
NE0O80189 [1 in = 25.4 mm].
EASTBOUND

AVG TOTAL WIDTH
DATE CLOSU OSURE OF _CUT
APR *81 0.50 0.50 3.63
JUN *81 0.72 1.22 2.91
JUL "81 0.55 1.77 2.36
AUG "8l 0.23 2.00 2.13
SEP “81 0.09 . 2.09 2.04
NOV “81 +.11 1.98 2.15
DEC “81 +.,13 1.85 2.28
FEB “82 0.03 1.88 2,25
APR ~82 0.13 2.01 2.12
MAY 82 0.35 2.36 1.77
JUN ~82 0.23 2.59 1.54
JUL ~82 0.37 2.9 1.17
SEP ™82 0.12 3.08 1.05
OCT "~82 +.09 2.99 1.14
NOV "82 +0.13 2.86 1.27
JAR “83 +.12 2.74 1.39
MAR “83 0.10 2.84 1.29
JUN “83 0.53 3.37 0.76
JUL 83 0.30 3.67 0.46
FEB “84 +H.19 3.48 0.65
MAY “84 0.17 3.65 0.48
DEC “84 0.03 3.68 0.45

Note:

AVG
OSURE
0.49
1.01
0.54
0.29

. . . » . [ .

.

. . . . . .

L]

é1c>$ (= o2 ] 5 é»é»é o C)c>c>c>$ 5
Hbdkdh)U|h‘H!d;dPJUIN.deFAF‘H
PO PO R WR N R e b

WESTBOUND

TOTAL
OSURFE

0.49
1.50
2.04
2.33

2.22
2.11
2.22
2.37
2.79
3.00
3.57
3.45
3.32
3.20
3.04
3.16
3.67
3.90
3.74
3.92
3.78

Monitoring of Closure of All Pressure Relief Joints onm

WIDTH

C
3.67
2.75
2.21
1.92

2.03
2.14
2.03
1.88
1.46
1.25
0.68
0.80
0.93
1.05
1.21
1.09
0.58
0.35
0.51
0.33
0.47

A positive (+) value indicates opening of the relief joint.
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The contraction joint sealant was present in all of the original
contraction joints, keeping incompressibles from infiltrating. Medium-
severity transverse joint spalling (due to reactive aggregate and pressure
damage) was found at many of the remaining original contraction joints.
The average faulting and average joint width measurements for these
original contraction joints in the outer lane was 0.03 in [0.76 mm] and
0.22 in [5.5 mm], respectively for both lanes.

Despite the low amount of rainfall and AASHTO classification A-l-a
subgrade found at the site, low-severity pumping was observed throughout
the project at the regular contraction joints and near some of the

full-depth repairs.

An average Roughness Index of 163 (good) was measured in April, 1985
using a Mays Ride Meter. A skid number of 46 (good) was measured in June,
1984 using a locked-wheel trailer with ASTM E274 standard tire. PSI values
were computed to be 3.8 from the roughness data.

The pressure relief joints that were installed in 1980 have closed from
4.5 in [114 mm] width to an average width of 0.9 in [23 mm] and have
faulted an average of 0.17 in [4.3 mm]. Table 6 presents a summary of the
closure of the pressure relief joints for the entire project, as measured
by the Nebraska Department of Roads. Figure 55 illustrates the relief
joint closure over time. The filler is still intact in most of the relief
joints and is keeping incompressibles from infiltrating. Spalling was
typically of low severity at the relief joints, but in a few cases
medium-severity spalling was present.

The contraction joints adjacent to the relief joints have not opened
appreciably greater than the average width 0.23 in [5.8 mm]. This
indicates that the effective slab length in compression is greater than or
equal to the relief joint spacing.

The pressure relief joints were an appropriate measure taken on this
project to combat the expansion caused by the reactive aggregate and
evidenced by the amount of closure of the relief joints (average amount of
closure 4.0 in [102 mm]) without significant opening or faulting of
adjacent contraction joints. However, the full-depth repairs placed in
1979 are believed to have relieved any built-up pressure.

Overall, this rehabilitation project is considered successful. The
full-depth repairs and pressure relief joints are performing well and the
transverse joints are generally smooth. However, some spalling is
developing at the approach and leave slabs outside of the repairs as the
reactive aggregate continues to cause deterioration. Additional full-depth
repairs and/or overlay will be necessary within the next few years.

Less closure and lower rates of closure were found in the relief joints
on this project (as determined by the Nebraska Department of Roads) than
the preceding one (NE080189). This can probably be attributed to the
placement of full-depth repairs before the installation of the relief
joints on this project. The full-depth repairs allowed for some of the
pressure to be relieved, but the relief joints were still necessary to
allow for the expansion of the pavement caused by reactive aggregate
problems.
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Table 6. Monitoring of Closure of All Relief Joints
on NE080210 [l in = 25.4 mm].

EASTBOUND WESTBOUND
AVG TOTAL WIDTH AVG TOTAL WIDTH
DATE CLOSURE __CLOSURE OF CUT OSURE OSURE OF _cuT

MAR “80 0.28 0.28 4.69 0.16 0.16 4.35
APR ~80 0.18 0.46 4.51 0.10 0.26 4,25
MAY “80 0.45 1.07 3.9 0.72 1.53 2.98
JUN ~80 0.46 1.53 3.44 0.67 2.20 2.31
JUL ~80 0.38 1.91 3.06 0.40 2.60 1.91
AUG ~80 0.14 2.05 2.92 0.12 2.72 1.79
SEP “80 +0.13 1.92 3.05 +H.11 2.61 1.90
JAN "81 +0.11 2.50 2.01
APR ~81 0.30 2.22 2.75 0.30 2.80 1.71
JUN 81 0.35 2.57 2.40 0.41 3.21 1.30
JUL "81 0.23 2.80 2.17 0.16 3.37 1.14
AUG "Bl 0.16 2.96 2.01 0.15 3.52 0.99
SEP “81 0.13 3.09 1.88 0.13 3.65 0.86
NOV "81 +#.11 2.98 1.99 +0.12 3.53 0.98
DEC "81 +0.10 3.43 1.08
MAY “82 0.23 3.21 1.76 0.16 3.59 0.92
JUR ~82 0.14 3.35 1.62 .15 3.74 0.77
JUL 82 0.24 3.59 1.38 0.29 4.03 0.48
SEP ~82 +0.15 3.44 1.53 +0.14 3.89 0.62
0CT 82 +0.13 3.76 0.75
NOV 82 +0.10 3.66 0.85
JAN “83 +0.15 3.29 1.68 +0.15 3.51 1.00
MAR ~83 0.15 3.44 1.53 0.10 3.61 0.9
JUN 83 0.27 3.71 1.26 0.26 3.87 0.64
JUL 83 0.18 3.89 1.08 0.16 4.03 0.48
SEP 83 0.13 4.02 0.95 0.11 4.14 0.37
DEC "83 +0.18 3.9 0.55
JAN "84  +0.17 3.85 1.12
MAY “84 0.15 4.00 0.97 0.14 4.10 0.41
DEC "84 +0.01 3.99 0.98 +0.11 3.99 0.52

Note: A positive (+) value indicates opening of the relief joints.
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KRE080256 -The original pavement was 9-in [230 mm] JRCP with 46.5-ft
[14.2 m] contraction joints and was constructed and opened to traffic in
1963. Four-and-a-half-inch [1l4-mm] wide pressure relief joints were
installed near mid-slab in 1980 at 2000-ft [610-m] intervals using a wheel
saw to reduce the expansive pressures caused by reactive aggregate. A
preformed cellular joint filler (Flex Lok) was used. Full-depth repairs
without mechanical load transfer devices were placed in 1980 at roughly 367
of the outer lane joints and 15% of the inner lane joints to address spalls
caused by reactive aggregate problems. Some major cracks were also
repaired. )

By 1985, the pressure relief joints had sustained about 6 million
18-kip [80-kN] ESALs in the outer lane and 0.5 million in the inner lane.
The original pavement had received about 17 million ESALs in the outer lane
and nearly 1.5 million ESALs in the inner lane.

The condition surveys conducted in 1985 found low-severity transverse
cracks present in about half of the surveyed slabs and advanced reactive
aggregate distress throughout the pavement, although it was most severe
near the joints.

The contraction joint sealant was present in most of the original
contraction joints, keeping incompressibles from infiltrating. However,
medium~severity transverse joint spalling (due to reactive aggregate and
pressure damage) was found at many of the remaining original contraction
joints. The average faulting and average joint width measurements for the
cuter lane original contraction joints was 0.04 in [1.0 mm] and 0.24 in
[6.0 mm], respectively, while the average faulting and average joint width
measurements for the inner lane original contraction joints was 0.04 in
[1.0 mm] and 0.28 in [7.1 mm], respectively.

An average Roughness Index of 176 (fair) was measured in April, 1985
using a Mays Ride Meter. A skid number of 41 (good) was measured in June,
1983 using a locked-wheel trailer with ASTM E274 standard tire.

The pressure relief joints that were installed in 1980 have closed from
4,5 in [114 mm] width to an average width of 0.86 in [22 mm] and have
faulted an average of 0.18 in [4.6 mm]. Table 7 presents a summary of the
closure of the pressure relief joints for the entire project, as measured
by the Nebraska Department of Roads. Figure 56 illustrates the relief
joint closure over time. The filler is still intact in most of the relief
joints and is keeping incompressibles from infiltrating. Spalling was
generally of medium severity.

The contraction joints adjacent to the relief joints have not opened
appreciably greater than the average width 0.22 in [6.0 mm]. This
indicates that the effective slab length in compression is greater than or
equal to the relief joint spacing.

The pressure relief joints placed in 1980 were an appropriate measure
taken on this project to combat the expansion caused by the reactive
aggregate, although the placement of the full-depth repairs in 1980
probably aided in relieving any built-up pressure.
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Table 7. Monitoring of Closure of All Relief Joints
on NE080256 [1 in = 25.4 mm].

EASTBOUND WESTBOUND

AVG TOTAL WIDTH AVG TOTAL WIDTH
DATE CLOSURE __ CLOSURE OF_CUT CLOSURE __ CLOSURE OF CUT
OCT 80 0.19 0.19 4.66
NOV “80 0.06 0.06 4.73 0.16 0.35 4.50
FEB “81 0.19 0.54 4,31
MAR “81 0.24 0.30 4.49 0.37 0.91 3.94
APR “81 0.71 1.01 3.78 1.07 1.98 2.87
JUN “81 0.55 1.56 3.23 0.51 2.49 2.36
JUL 81 0.43 1.99 2.80 0.64 3.13 1.72
AUG “81 0.15 2.14 2.65 0.16 3.29 1.56
SEP “81 0.13 2.27 2.52 0.12 3.41 1.44
NOV “81  +0.15 2.12 2.67 +0.12 3.29 1.56
DEC “81 0.08 3.21 1.64
FEB “82 0.10 3.31 1.54
APR “82 +0.10 3.21 1.64
MAY “82 0.37 2.49 2.30 0.32 3.53 1.32
JUN “82 0.30 2.79 2.00 0.27 3.80 1.05
JUL ~82 0.28 3.07 1.72
SEP “82 +0.08 3.72 1.13
0CT ~82 ' +0.11 3.61 1.24
DEC ~82 0.12 2.95 1.84 +0.14 3.47 1.38
JAN ~83  +0.13 2.82 1.97 +0.12 3.35 1.50
MAR 83 0.11 2.93 1.86 0.06 3.41 1.44
JUN 83 0.29 3.22 1.57 0.27 3.68 1.17
JUL ~83 0.23 3.45 1.34 0.11 3.79 1.06
AUG “83 0.11 3.56 1.23 0.09 3.88 0.97
JAN 84  +0.22 3.34 1.45 +0.11 3.77 1.08
MAY “84 0.19 3.48 1.31 0.15 3.92 0.93
DEC “B4 0.06 3.54 1.25 +0.12 3.80 1.05

Note: A positive (+) value indicates opening of the relief joints.
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Figure 56. Pressure Relief Joint Closure Over Time on NE080256 [1 in = 25.4 mm].



Overall, this rehabilitation project is considered successful due to
the good performance of the full-depth repairs and absence of much recent
pressure damage. Most of the joints in both lanes are smooth, and spalling
is only a problem on the approach and leave slabs outside of the repairs.
The expected life of this pavement would be approximately six to nine years
from the installation of the full-depth repairs (8.4 to 12.6 million
ESALs). Additional full-depth repairs and/or an overlay will be necessary
as early as 1986 or as late as 1989.

The performance of the pressure relief joints has been satisfactory for
this project and the two preceding it (NE0O80189 and NE080210). It is
observed that the rate of closure and the amount of closure is less for
this project (NE080256) where full-depth repairs and pressure relief joints
were installed the same year. However, the relief joints were apparently
still necessary to allow for the expansion of the pavement caused by
reactive aggregate.

NE080279 ~ The original pavement was 9-in [230 mm] JRCP with 46.5-ft
[14.2 m] contraction joints and was constructed and opened to traffic in
1964. Four-and-a-half-inch [114-mm] wide pressure relief joints were
installed near mid-~slab in 1980 at 2000-ft [610-m] intervals using a wheel
saw to reduce the expansive pressures caused by reactive aggregate
problems. A preformed cellular plastic joint filler conforming to ASTM
D3204-80 was used. Full-depth repairs without mechanical load transfer
devices were alsc placed at sbout 10% of the outer lane joints and 4% of
the inner lane joints to address spalls caused by reactive aggregate
problems. Some major cracks were also repaired. A few partial-depth
repairs made of an epoxy cement were placed to address localized spalls at
joints and major cracks. Finally, the transverse joints were resealed with
a hot-poured sealant conforming to ASTM D3405~78. The performance of these
other rehabilitation techniques is described elsewhere in this report.

By 1985, the pressure relief joints had sustained about 4 million
18-kip [80-kN] ESALs in the outer lane while the original pavement had
received about 14 million in the outer lane.

The condition surveys conducted in 1985 found low- and medium-severity
transverse cracks at approximately 10-20 ft [3-6 m] intervals, although
some panels showed much higher levels of deterioration and are in need of
immediate repair. Reactive aggregate problems (joint and corner spalling
and scaling) were also found throughout the pavement, although severe
spalling was not often observed.

The contraction joint sealant was present in most of the original
contraction joints. As a result, transverse joint and corner spalling were
generally of low severity throughout the surveyed sample units and none of
the surveyed original contraction joints had been repaired, although some
panel cracks had been repaired. The average faulting and joint width
measurements for the original contraction joints in the outer lane were
0.05 in [0.76 mm] and 0.4 in [10.2 mm], respectively, compared to 0.0l
[0.29 mm] and 0.4 in [10.2 mm] for the inner lane.

An average Roughness Index of 202 (fair) was obtained in 1985 using a
Mays Ride Meter. An average skid number of 39 (marginal-good) was obtained

in 1983 with a locked-wheel trailer.
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The pressure relief joints installed in 1982 have closed from 4.5 in
[114 mm] width to an average width of 0.65 in [16.5 mm] and have faulted an
average of 0.10 in [2.5 mm]. Relief joints spaced very closely appear to
exhibit much more faulting and less closure than those spaced at more
typical distances (see Tables 8 and 9). The filler and sealant are missing
from many of the relief joints and incompressibles have filled the joints.
Low~ and occasional medium~severity spalling was found at the relief
joints. The adjacent contraction joints have not opened apprec1ab1y
greater than the average observed width of 0.4 in [10.2 mm].

The pressure relief joints that were installed in 1982 may not have
been necessary on this project because the alkali-aggregate reaction, which
has been sc destructive to other projects in Nebraska (i.e., NE080189,
NE080210, and NE080256), was not a major problem on this project. It is
known that crushed limestome (rather than North Platte River aggregate) was
used in the or1g1na1 construction of this project, which could have been
more susceptible to "D" cracking than reactive aggregate distress. Joint
spalling was attributed largely to improper dowel alignment and reactive
aggregate spalling and built-up pressure would have been at least partially
relieved during the placement of the full-depth repairs. Finally, while
the average amount of relief joint closure since placement is 3.85 in
[98 mm], current joint measurements indicate that most of the contraction
joints are nearly twice as wide now as when originally constructed.

While the use of relief joints on this project may be questionable,
their presence has apparently not adversely affected the project. The
faulting of the relief joints might have been reduced slightly if a
mechanical load transfer system (i. e., dowels) had been provided.

Overall, this rehabilitation project is considered successful, due to
the good performance of the full-depth repairs and joint resealing. Most
of the joints in both lanes are smooth and are well-sealed. The repairs
can be expected to provide another two to five years of good performance
before adjacent slab spalling (due to the some type of materials durability
problem) becomes unacceptable. However, some areas of the original
pavement are badly cracked and require rehabilitation now.

RE080382 - The original pavement was 9-in [230 mm] JRCP with 46.5-ft
[14.2 m] contraction joints and was constructed and opened to traffic in
1962. Four-and-a-half-inch [114-mm] wide pressure relief joints were
installed near mid-slab in 1982 at one-mile [1610-m] intervals using a
wheel saw to reduce the expansive pressures caused by reactive aggregate
problems. A preformed cellular plastic joint filler conforming to ASTM
D3204-80 (Flex Loc, manufactured by A.C. Born, Inc.) was used. Several
other rehabilitation techniques were also applied at the same time.
Full-depth repairs without mechanical load transfer devices were placed at
about 137 of the outer lanme joints and 9% of the inner lane joints to
address spalls caused by reactive aggregate problems. Some major cracks
were also repaired. A few partial-depth repairs utilizing an epoxy cement
were also placed to address localized spalls at joints and major cracks.
Finally, the transverse joints were resealed with a hot-poured sealant
conforming to ASTM D3405-78 (trade name "Sof-Seal," manufactured by W. R.
Meadows). The design and performance of these other rehabilitation
techniques is described in detail in other portions of this report.

103



A ORE Bl B NDn = Em e B

Table 8. Summary of Joint Faults and Widths At Milepost 284.0
of NE0B0279 [1 in = 25.4 mm].

OUTER INNER
STATION TYPE OF FAULT WIDTH STATION TYPE OF FAULT WIDTH
JOINT (ip.)  (ip.) JOINT (in.)  (in.)
0+00 Reg Cont 0.00 0.4 0+00 Reg Cont -0.01 0.4
0+20  Repair Ap 0.07 0.4
0+24  Repair Lv 0.16 0.4
0+46 Reg Cont 0.01 0.4 0+46 Reg Cont -0.02 0.4
0+63 Pr Religf 0.33 0.6 0+61 Pr Relief 0.21 1.0
0+93 Reg Cont -0.02 0.3 0+93 Reg Cont 0.00 0.3
1439  Pr Relief 0.36 1.0 1439 Pr Relief 0.08 0.7
1+86 Reg Cont 0.01 0.4 1+86 Reg Cont =-0.01 0.4
2+32  Reg Cont 0.12 0.5 2432 Reg Cont 0.00 0.4
2479  Reg Cont 0.00 0.4 2+79 Reg Cont -0.01 0.4
3425 Reg Cont 0.05 0.4 3425 Reg Cont =0.02 0.4
3435  Repair Ap 0.00 0.4
3+40 Repair Lv 0.01 0.4
3+72 Reg Cont 0.04 0.3 3+72 Reg Cont 0.04 0.4
4+18 Reg Cont 0.02 0.3 4418 Reg Cont 0.03 0.3
4465 Reg Cont 0.01 0.3 4465 Reg Cont =-0.01 0.3
4+95  Repair Ap 0.04 0.4
4+99  Repair Lv 0.02 0.4
5411 Reg Cont 0.10 0.3 5+11 Reg Cont 0.00 0.3
5458 Reg Cont 0.03 0.4 5+58 Reg Cont 0.02 0.4
5+81 Pr Relief 0.03 0.3 5+81 Pr Relief 0.01 0.4
6+04  Reg Cont 0.00 0.3 6+04 Reg Cont 0.01 0.3
6+24  Repair Ap -0.05 0.4
6+28  Repair Lv 0.02 0.4
6+51 Reg Cont 0.06 0.4 6+51 Reg Cont 0.00 0.4
6+97 Reg Cont 0.08 0.3 6+97 Reg Cont 0.01 0.3
7+44  Reg Cont 0.09 0.4 7+44 Reg Cont -0.02 0.4
7+90  Reg Cont 0.01 0.4 7+90 Reg Cont 0.02 0.3
8+37 Reg Cont 0.09 0.4 8+37 Reg Cont 0.00 0.4
8+83 Reg Cont 0.01 0.3 8+83 Reg Cont 0.03 0.3
9430 Reg Cont 0.09 0.3 9430 Reg Cont 0.00 0.4
9476 Reg Cont -0.02 0.3 9+76 Reg Cont 0.01 0.3
10+06  Repair Ap 0.06 0.4 10+06 Repair Ap -0.05 0.3
10+10  Repair Lv 0.17 0.5 10+10 Repair Iv 0.16 0.6
10+23 Reg Cont -0.02 0.3 10423 Reg Cont 0.02 0.4
10469 Reg Cont 0.00 0.3 10+69 Reg Cont 0.00 0.3
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Table 9. Summary of Joint Faults and Widths At Milepost 286.0
of NE080279 [1 in = 25.4 mm].
OUTER INNER
STATION TYPE OF FAULT STATION TYPE OF FAULT
JOINT (in.) JOINT (in.)

0+00 Reg Cont 0.00 0.5 0-+00 Reg Cont 0.00 0.5
0+46 Reg Cont 0.00 0.4 0+46 Reg Cont 0.04 0.4
0+47C  Repair Ap -0.15 0.4 0+70 Pr Relief 0.03 0.9
0477  Repair Lv 0.12 0.4
0+93 Reg Cont -0.01 0.5 0+93 Reg Cont =0.01 0.4
1439 Reg Cont 0.00 0.3 1439 Reg Cont =~0.01 0.4
1+86 Reg Cont -0.03 0.3 1+86 Reg Cont -0.02 0.4
2432 Reg Cont =-0.01 0.3 2432 Reg Cont 0.00 0.5
2+79 Reg Cont =0.02 0.4 2479 Reg Cont 0.03 0.4
3425 Reg Cont 0.03 0.4 3+25 Reg Cont 0.00 0.4
3472  Reg Cont -0.01 0.4 3+72 Reg Cont 0.02 0.5
4+18 Reg Cont -0.02 0.4 4+18 Reg Cont 0.01 0.5
4465  Reg Cont -0.01 0.5 4465 Reg Cont 0.04 0.4
5+11 Reg Cont -0.01 0.4 5+11 Reg Cont 0.00 0.4
5+58 Reg Cont 0.03 0.4 5+58 Reg Cont 0.00 0.4
6+04  Pr Relief -0.01 0.7 6404 Pr Relief 0.09 0.5
6+51 Reg Cont =-0.03 0.4 6+51 Reg Cont 0.00 0.5
6+97 Reg Cont 0.02 0.4 6+97 Reg Cont 0.01 0.5
7+17 Repair Ap 0.06 0.4 7+17 Repair Ap -0.05 0.3
7+21  Repair Lv 0.16 0.4 7421 Repair Lv 0.06 0.5
7+44  Reg Cont  0.00 0.4 7+44 Reg Cont =0.01 0.4
7+90 Reg Cont -0.02 0.3 7+90 Reg Cont 0.01 0.4
8+37 Reg Cont 0.00 0.4 8437 Reg Cont 0.00 0.4
8+83 Reg Cont 0.00 0.4 8+83 Reg Cont 0.01 0.4
9+30 Pr Relief 0.01 0.6 9+30 Pr Relief 0.02 0.6
9476 Reg Cont 0.00 0.4 9+76 Reg Cont -0.05 0.4
10+23 Reg Cont 0.03 0.3 10+23 Reg Cont -0.01 0.4
10469 Reg Cont 0.02 0.3 10+69 Reg Cont -0.01 0.4
10+92  Repair Ap 0.1l 0.4

10496 Repair Lv 0.16 0.5

11416  Reg Cont 0.01 0.4 11416 Reg Cont 0.00 0.3
11462 Reg Comt =0.01 0.4 11+62 Reg Cont 0.02 0.3



By 1985, the pressure relief joints had sustained about 5 million
18-kip [80-kN] ESALs in the outer lane and 1.3 million in the inmer lane
while the original pavement had received more than 19 million in the outer
lane and 5 million in the inner lane.

The condition surveys conducted in 1985 found low- and medium-severity
transverse cracks at approximately 15-20 ft [4-6 m] intervals, although
some areas showed much higher levels of deterjoration. Longitudinal
cracking was not found. Reactive aggregate distress was found throughout
both sample units, resulting in occasional scaling and joint spalls.

Joint sealant was present in most of the original contraction joints,
although incompressibles were found in the joints where it was absent. As
a result, medium-severity transverse joint spalling and corner spalling
were frequently found in both sample units, predominantly in the outer
lane. The average faulting and joint width measurements for the original
contraction joints were 0.14 in [3.6 mm] and 0.68 in [17.3 mm],
respectively, in the outer lame compared to 0.02 [0.05 mm] and 0.67 in
[17 mm} for the inner lane and nearly 25% of the contraction joints
surveyed in the outer lane failed to meet faulting acceptance criteria.
The wideness of the joints is attributed to the new joint shape factor, not
the use of pressure relief joints.

An average Roughness Index of 191 (fair) was obtained in 1985 using a
Mays Ride Meter. An average skid number of 33 (marginal) was obtained in
1983 using a locked-wheel trailer with ASTM E274 standard tire.

The pressure relief joints have closed to an average width of 1.3 in
[33 mm] and have faulted an average of 0.16 in [4.1 mm]. The filler is
still partially intact in the relief joints, but where it is absent the
joints are filled with incompressibles. Low-severity spalling was found at
the relief joints. Contraction joints adjacent to the relief joints have
not opened much greater than the average observed width of 0.67 in [17 mm].

Table 10 provides a summary of the closure of all the relief joints on
this project, as measured by the Nebraska Department of Roads. Figure 57
presents a plot of the relief joint closure over time.

The pressure relief joints that were installed in 1982 may not have
been necessary on this project. Although the reactive aggregates used in
the original pavement are known to cause some pavement growth, they were
not the highly reactive North Platte River gravels, and pressure damage was
not observed on this project prior to placement of the relief joints.

Joint spalling was attributed largely to reactive aggregate spalling. 1In
addition, any built-up pressure would have been relieved during the
placement of the full-depth repairs. Much higher rates of relief joint
closure were observed on other Nebraska projects (e.g., NE080189) where
full~depth repairs were not placed at the same time as the relief joints.

While the average amount of relief joint closure since placement is
2.7 in [69 mm], current joint measurements indicate that most of the
contraction joints on the project are at least three times as wide now as
when the pavement was constructed, although some of this may be due the
fact that resealing was performed on the joints.
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Table 10.
AVG
DATE
MAY "~82 0.27
JUN ~82 0.17
AUG ~82 0.54
0CT °~82 +.07
DEC 82 +0.08
FEB “83 0.06
MAR “83 +.05
MAY 83 0.21
JUN “83 0.18
JUL 83 0.42
AUG ~83 0.05
OCT ~83 +.02
NOV “83 +.08
FEB ~84 +{.04
APR "84 0.14
MAY 84 0.17
AUG ~84 0.37
SEP ~84 +0.17
APR "85 0.19
AUG 85 0.23
Note:

Monitoring of Closure of All Relief Joints on NE080382
{1 in = 25.4 mm].

EASTBOUND

TOTAL
OSURE

0.27
0.44
0.98
0.91
0.83
0.89
0.84
1.05
1.23
1.65
1.70
1.68
1.60
1.56
1.70
1.87
2.24
2.07
2.26
2.49

WIDTH

4.30
4.13
3.59
3.66
3.74
3.68
3.73
3.52
3.34
2.92
2.87
2.89
2.97
3.01
2.87
2.70
2.33
2.50
2.31
2.08

c

WESTBOUND
AVG TOTAL WIDTH
0S8U U cu
0.42 0.42 4.41
0.38 0.80 4.03
0.86 1.66 3.17
+0.07 1.59 3.24
+0.11 1.48 3.35
+0.06 1.42 3.41
+0.01 1.4]1 3.42
0.17 1.58 3.25
0.23 1.81 3.02
0.46 2.27 2.56
0.06 2.33 2.50
+0.08 2.25 2.58
+0.09 2.12 2.71
0.10 2.22 2.61
0.02 2.24 2.59
0.06 2.30 2.53
0.25 2.55 2.28
+0.10 2.45 2.38
0.09 2.54 2.29
0.22 2.76 2.07

A (+) indicates opening of the relief joint.
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Figure 57. Pressure Relief Joint Closure Over Time on NE080382 [l in = 25.4 mm].



Although the use of relief joints on this project may be questionable,
their presence has apparently not adversely affected the project, because
the faulting and opening of adjacent contraction joints is about average
and nearby slabs exhibit typical types and amounts of distress. The
faulting of the relief joints might have been reduced slightly if a load
transfer system (e.g., dowels or a sleeper slab) had been provided.

Overall, this rehagbilitation project is considered moderately
successful because the full- and partial-depth repairs have reduced the
roughness caused by reactive aggregate spalling at the pavement joints,
although the full-depth repairs have become somewhat rough themselves. The
resealed joints have also performed adequately, but are probably
approaching the end of the sealant life. The relief joints are performing
well, although their appropriateness is questiomable.

While the original pavement has several years of serviceable life
remaining, the full-depth repairs placed in 1982 should be replaced
immediately. The joints will require resealing within the next few years
and a longer-life sealant is recommended.

VAD44000 ~ The original pavement was 9-in [230 mm] JRCP with 61.5-ft
[18.7 m] contraction joints and was constructed and opened to traffic in
1967. Four-inch [102-mm] wide pressure relief joints were installed near
mid-slab in 1976 and again in 1984 at 1000-ft [305-m] intervals using
diamond saw cuts to prevent pressure buildup problems and blowups. A
preformed cellular foam filler conforming to ASTM D3204 was used. Several
other rehabilitation techniques were also applied to this project at
various times. Full-depth repairs without mechanical load transfer devices
were placed at about 31% of the transverse joints in 1984 to address
transverse joint spalling and faulting and additional repairs were to be
placed in 1985. A 0.5-in [13-mm] preformed bituminous expansion joint
filler was provided at ome joint of each of these repairs. Partial-depth
repairs utilizing a calcium-aluminate cement were placed to address
localized spalls in 1976 and additional repairs using a Type 1III Portland
cement concrete were constructed in 1984. Joint resealing programs were
also conducted using various sealant materials in 1973, 1976 and 1984 and
were also scheduled for 1985. The design and performance of these other
rehagbilitation techniques is described in detail elsewhere in this report.

By 1985, the 1976 pressure relief joints had sustained about 3.8
million 18-kip [80-kN] ESALs in the outer lane while the original pavement
had received about 4.3 million.

Three sample units exhibiting very different performances were surveyed
in 1985. The first contained many partial-depth repairs and a few
low-severity transverse cracks. The second contained a few partial-depth
repairs and many low- and medium-severity transverse cracks at
approximately 20-ft [6-m] intervals. The third contained full-depth
repairs at nearly all of the original joints and only a few medium-severity
transverse cracks. All sample units contained a pressure relief joint.

The joint sealant was intact in all of the original contraction joints
that were sealed with preformed compression seals (first and second sample
units), although incompressibles were frequently found in these joints.
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these joints. The transverse and longitudinal joints sealed with the
hot-poured sealant were still sealed and performing well. Most of the
remaining original contraction joints exhibited low- and occasionally
med ium—geverity transverse joint spalling.

The original contraction joints had faulted an average of only 0.03 in
[0.8 mm] and were all acceptably smooth. A Roughness Index of 109.8 (good)
was obtained in the eastbound truck lane, and a Roughness Index of 116.4
(good) was obtained in the westbound truck lane in 1980 using a Mays Ride
Meter. Surface friction and PSI values were not available.

The pressure relief joints that were installed in 1976 (sample units 01
and 02) have closed from their original 4.0 in [102 mm] width to an average
width of 0.8 in [20 mm) and have faulted an average of 0.l11 in [2.8 mm].
The pressure relief joint that was installed in 1984 in sample unit 3 has
closed from 4.0 in [102 mm] to 3.0 in [76 mm] and has faulted an 0.09 in
[2.3 mm]. The filler in all of these joints is still intact. The relief
joints did not exhibit any spalling problems.

The pressure relief joints installed both in 1976 and 1984 appear to
have been inappropriate for this project. Those joints were placed to
prevent pressure buildup problems and blowups, but there did not seem to be
any signs to substantiate the need for relief joints.

While the relief joints placed in 1976 have closed more than 3 in
[76 mm] in nine years, nearby original contraction joints have opened to
widths of one inch [25.4 mm] or more (see Table 11), reducing the
effectiveness of the preformed joint seals and encouraging the introduction
of moisture and incompressibles into the pavement system.

The relief joints placed in 1984 were placed at the same time as the
full-depth repairs, which also incorporated expansion approach joints. As
a result, very little closure has taken place and these relief joints would
probably have been unnecessary even if pressure problems had existed.

Overall, this rehabilitation project is considered successful.
Although the pressure relief joints were probably unnecessary, the joint
sealant maintenance program and the full- and partial-depth repairs have
prevented the pavement from deteriorating rapidly.

Improved rehabilitation performance might have been achieved through
the following steps:

1. Elimination of the pressure relief joints.

2. Use of low modulus adhesive sealants in contraction joints located
in the vicinity of pressure relief joints.

3. Better hot-poured sealant installation (to prevent extrusion).

4, Inclusion of mechanical load transfer devices in the full-depth
repairs to reduce faulting.

5. Diamond grinding after restoration to eliminate construction
roughness (such as overfilled repairs).
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Table 1l. Summary of Joint Faults and Widths at Milepost 11.0
(Westbound) of VA044000 [1 in = 25.4 mm].

OUTER INNER

STATION TYPE OF FAULT WIDTH STATION TYPE OF FAULT WIDTH
JOINT  (ipn.)  (in.) JOINT (in.) _ (in.)

0+00 Reg Cont 0.00
0+61 Reg Cont 0.04
1+23  Reg Cont 0.00
1+84  Reg Cont 0.03
2426  Pr Relief 0.13
2+46  Reg Cont 0.01
3407 Reg Cont 0.12
3+69 Reg Cont 0.03
4430 Reg Cont 0.03
4492 Reg Cont 0.06
5453 Reg Cont 0.03
6+14  Reg Cont 0.01
6+76  Reg Cont 0.01
7437 Reg Cont -0.02
7+99 Reg Cont -0.02
8+60 Reg Cont 0.06
9+22 Reg Cont 0.01
9+83 Reg Cont 0.03
10+45  Reg Cont 0.03

0+00 Reg Cont 0.02
0+1 Reg Cont -0.19
1423  Reg Cont 0.04
1+84  Reg Cont 0.04
2+26 Pr Relief 0.10
2+46  Reg Cont 0.00
3407 Reg Cont -0.03
3+69 Reg Cont 0.03
4430  Reg Cont 0.01
4492 Reg Cont 0.06
5453 Reg Cont 0.03
6414  Reg Cont 0.00
6+76 Reg Cont 0.03
7+37 Reg Cont 0.04
7499 Reg Cont -0.08
8+60 Reg Cont 0.03
9422 Reg Cont 0.04
9+83 Reg Comt 0.00
10+45  Reg Cont 0.05
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Note: Positive faulting measurements indicate that the approach
side of the joint is higher than the leave side. Negative
faulting measurements indicate that the leave side of the
joint is higher than the approach side.
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The three sample units surveyed exhibited very different problems and
their future rehabilitation must be considered separately. The first
sample unit requires little work and will perform satisfactorily for
several years with good maintenance. The second sample unit exhibits many
medium~severity slab cracks which can be expected to deteriorate and
require major rehabilitation or & structural overlay within the next four
to seven years (1.6 to 4.0 million ESALs). The third sample unit is
structurally sound and requires omnly diamond grinding and joint sealant
maintenance to perform adequately for several more years. '

VAD64202 - The original pavement was 9-in [230 mm] JRCP with 61.5-ft
[18.7 m] contraction joints and was constructed and opened to traffic in
1965. Four-inch [102-mm] wide pressure relief joints were installed near
mid-slab in 1982 at 1000-ft [305-m] intervals using diamond saw cuts to
prevent pressure buildup problems and blowups. A preformed cellular foam
filler conforming to ASTM D3204 was used. Several other rehabilitation
techniques were also applied to this project at various times. Full-depth
repairs were placed in 1976 and 1984 to address transverse joint spalling
(caused largely by metal joint forming inserts used in the original
pavement) and faulting. Approximately 23% of the original joints had been
replaced by 1985. The 1976 repairs were undercut and utilized a
calcium—aluminate cement while the 1984 repairs were constructed using Type
II1 Portland cement concrete without mechanical load transfer devices.

Both sets of repairs included a preformed bituminous expansion joint filler
(0.5 in [12.7 mm] thick) in the repair approach joint. Partial-depth
repairs were also placed in 1976 and 1984 using similar materials. The
joints were resealed in 1976 and 1984 using preformed joint seals. The
design and performance of these other rehabilitation techniques are
described in detail in other portions of this report.

By 1985, the pressure relief joints had sustained about 1.2 million
18-kip [80-kN] ESALs in the outer lane and 0.3 million in the inner lane
while the original pavement had received about 4.4 million in the outer
lane and 1.1 million in the inner lane.

The condition survey conducted in 1985 found transverse joint spalling,
joint faulting, localized areas of scaling, and deteriorated joint sealant
conditions. Very little transverse cracking was observed.

The preformedé joint seals were still present in all of the regular
contraction joints, although incompressibles were found in roughly 70%Z of
the joints. Joint widths averaged 0.83 [21 mm] for the joints with
incompressibles and 0.70 in [18 mm] for the remaining regular contraction
joints. Contraction joints located near pressure relief joints and
full-depth repairs were generally slightly wider than average (see Tables
12 and 13). Most of the original contraction joints exhibited little, if
any, low-severity transverse joint spalling, although a few joints
displayed medium-severity spalling.

The original contraction joints had faulted an average of only 0.l1 in
[2.8 mm] in the outer lame and 0.05 in [1.3 mm] in the inner lane. The few
joints that were faulted unacceptably were the same ones that had opened
exceptionally wide. The full-depth repairs generally exhibited very high
amounts of faulting (0.5 in [13 mm] and greater).
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Table 12. Summary of Joint Faults and Widths at Milepost 204.0
(Eastbound) of VA064202 [1 in = 25.4 mm].
OUTER INNER
STATION TYPE OF FAULT WIDTH STATION TYPE OF FAULT WIDTH
JOINT (in.)  (in.) JOINT Gn.) (in.)
0+00 Repair Ap =-0.14 1.1 0+00 Reg Cont 0.02 1.0
0+03 Repair Lv  0.53 0.1
0+1 Repair Ap 0.04 1.2 0+61 Repair Ap -0.04 1.1
0+64 Repair Lv  0.62 1.0 0+64 Repair Lv  0.27 0.7
1423 Repair Ap -0.18 1.3 1423 Reg Cont 0.07 1.1
1426 Repair Lv  0.51 0.2
1+84 Reg Cont 0.20 1.0 1+84 Reg Cont 0.06 1.0
2+46 Reg Cont 0.17 1.1 2+46 Reg Cont 0.09 0.9
3405 Repair A&p 0.01 0.8 3+07 Reg Cont 0.04 0.8
3410 Repair Lv  0.08 0.7
3469 Reg Cont 0.02 0.9 3+69 Reg Cont 0.10 0.8
4430 Reg Cont 0.05 0.9 4+30 Reg Cont 0.06 0.7
4+92 Reg Cont -0.02 0.7 4+92 Reg Cont 0.10 0.6
5453 Reg Cont -0.03 0.8 5453 Reg Cont 0.03 0.6
6+14 Repair Ap ~-0.17 1.3 6+14 Reg Cont 0.08 0.6
6+17 Repair Lv 0.50 0.2
6+76 Repair Ap 0.13 1.3 6+76 Reg Cont 0.17 0.6
6+79 Repair Lv  0.47 0.3
7437 Reg Cont 0.08 0.7 7437 Reg Cont 0.02 0.7
Note: Positive faulting measurements indicate that the

approach side of the joint is higher than the
leave side.

Negative faulting measurements indicate
that the leave side of the joint is higher than the

approach side.
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Table 13. Summary of Joint Faults and Widths at Milepost 204.1
(Westbound) of VA064202 [1 in = 25.4 mm].

OUTER INNER

STATION TYPE OF FAULT WIDTH STATION TYPE OF FAULT WIDTH

JOINT Gn.)  (ip.) JOINT (in,) (in,)
0+00 Reg Cont 0.18 0.8 0+00 Reg Cont 0.05 0.9
0+61 Reg Cont 0.21 0.8 0+61 Reg Cont 0.00 0.8
1+23 Reg Cont 0.12 0.7 1423 Reg Cont 0.11 0.9
1+84 Reg Cont 0.18 0.8 1+84 Reg Cont 0.02 0.8
2+46 Reg Cont 0.21 0.7 2+46  Reg Cont 0.02 0.7
3407 Reg Cont 0.30 1.2 3+07 Reg Cont -0.03 0.8
3+69 Reg Cont 0.05 0.8 3+69 Reg Cont 0.10 0.8
4430 Reg Cont 0.10 0.9 4430 Reg Cont -0.02 0.7
4492 Reg Cont 0.18 0.8 4+92  Reg Cont 0.10 0.7
5+53 Reg Cont 0.07 0.7 5+53 Reg Cont 0.10 0.8
6+14 Reg Cont 0.08 0.8 6414 Reg Conmt 0.00 0.9
6+44 Pr Relief 0.20 2.0 6+44  Pr Relief 0.l4 2.5
6+76 Reg Cont 0.19 1.2 6+76 Reg Cont 0.10 1.2
7437 Reg Cont 0.16 0.9 7+37 Reg Cont =0.10 0.9

Rote: Positive faulting measurements indicate that the approach

side of the joint is higher than the leave side. Negative
faulting measurements indicate that the leave side of the
joint is higher than the approach side.
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Roughness and surface friction measurements were not available for this
pavement section and Present Serviceability Index (PSI) could not be
calculated from the information provided.

The pressure relief joints have closed to an average width of 2.0 im
[51 mm] in the outer lanme and 2.4 in [61 mm] in the inmer lane. Faulting
of the relief joints averaged 0.18 in [4.6 mm] in the outer lane and
0.16 in [3.9 mm] in the inner lane. There was no appreciable difference in
closure or faulting between the relief joints surveyed in the first and
third sample units (there were none in the second sample unit), in spite of
the presence of full-depth repairs in the first sample unit and none in the
third. The filler in all of these joints is still intact and in good
condition, keeping incompressibles from infiltrating. The relief joints
did not exhibit any spalling problems.

The pressure relief joints appear to have been inappropriate for this
project. Those joints were placed to prevent pressure buildup problems and
blowups, but there did not seem to be any signs (blowups, compression
cracking, etc.) to substantiate the need for relief joints. Moreover, the
placement of the full-depth (full-lane) repairs should have alleviated any
pressure buildup problems in sample unit 1.

While all of the original contraction joints surveyed have opened wider
than their resawed width, it cannot be determined for certain that the
pressure relief joints caused this opening to any greater degree than did
the full-depth repairs with integral expansion joints (the average
contraction joint width in sample unit 2, which featured full-depth repairs
but no relief joints, was 0.82 in [2]1 mm], compared to 0.93 in [24 mm] in
sample unit 3, which featured a relief joint and no repairs). In any case,
wider contraction joints were generally more severely faulted as well, so
the relief joints were probably detrimental to overall pavement
performance. This may be especially true in light of the good joint seal
maintenance program in place for this section of pavement, which would have
reduced pavement growth due to intrusiomn of incompressibles. The opening
of these joints now, for whatever reason, may reduce the effectiveness of
the resealing program.

Overall, this rehabilitation project is considered only partially
successful. It was demonstrated that partial-depth repairs could provide
good long-term (up to nine years or more) solutions to shallow joint
spalling problems. Partial-width full-depth repairs were alsoc used
successfully to address these same problems. However, the full-width
full-depth repairs placed in 1984 have faulted excessively due to the use
of an inappropriate design, and the unnecessary use of pressure relief
joints and expansion joints in full~-depth repairs has caused the preformed
joint seals to lose their effectiveness.

Rehabilitation is needed pow to return this pavement to a more
serviceable state and prevent accelerated deterioration. This
rehabilitation should include load transfer restoration (dowels in slots or
improved shear devices) at the full-depth repair joints, diamond grinding
to reduce pavement roughness, and cleaning and resealing the joints with an
appropriate sealant.
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Considering the current pavement condition and traffic levels, the
expected life of this pavement could be extended many years by implementing
the above recommendations. Similar activities will eventually be necessary
to address the pavement faulting and joint spalling which may develop in
the next few years if the pavement is not rehabilitated soon.

VAD64279 - The original pavement was a 9-in [230 mm] JRCP with
61.5-ft [18.7 m] contraction joints, constructed and opened to traffic in
1967. Four-inch [102-mm] wide pressure relief joints were installed near
mid-slab in 1981 at 1000-ft [305-m] intervals using diamond saw cuts to
prevent pressure buildup problems and blowups. A preformed cellular foam
filler conforming to ASTM D3204 was used. Several other rehabilitation
techniques were also applied to this project at various times. Full-depth
repairs were placed in 1981 at approximately 8l% of the joints to address
transverse joint spalling (caused largely by metal joint forming inserts
used in the original pavement) and faulting. The repairs included a
preformed bituminous expansion joint filler (0.5 inm [12.7 mm] thick) in the
repair approach joint and utilized no mechanical load transfer devices.
Joint resealing was also accomplished in 1981 using a hot-poured sealant.
Diamond grinding was accomplished in the eastbound lanes in 1984 to reduce
pavement roughness. The full-depth repairs and joint resealing programs
are described in detail elsewhere in this report.

By 1985, the pressure relief joints had sustained about 2.8 million
18-kip [80 kN] ESALs in the outer lane and 1.6 million in the center lane
while the original pavement had received about 6.7 million in the outer
lane and 3.4 million in the inner lane.

The condition survey conducted in 1985 found low-severity transverse
joints, joint faulting, and localized areas of scaling. Very little
transverse cracking was observed, particularly in the eastbound lanes.

All of the regular contraction joints were still well sealed and
incompressibles were not found in the joints in either sample unit
surveyed. The joints that had been diamond ground were smoother than the
ones that had not been ground. The average faulting was 0.03 in [0.76 mm]
for the diamond ground center lane joints and 0.12 in [3.0 mm] for the
unground center lane joints and similar numbers were obtained from the
couter lane joints. If the faulting immediately after grinding was zero,
the measurements indicate that faulting is continuing to develop at a rate
of approximately 0.03 in [0.8 mm] per year or 0.08 in [2.0 mm] per million
18-kip [80-kN] ESALs in the center lane. Since faulting in the unground
sample unit developed over a period of 18 years and 3.4 million ESALs, it
can be suggested that center lane faulting has developed at a rate of less
than 0.01 in [0.25 mm] per year or 0.04 in [1.0 mm] per million ESALs.
Thus, it appears that the rate of development of faulting has increased.

Roughness was measured in early 1985 using a Mays Ride Meter:

LANE ROUGHNES S
Eastbound outer (ground) 72 (excellent)
Eastbound center (ground) 66 (excellent)
Eastbound inner (ground) 64 (excellent)
Westbound outer (not ground) 145 (fair)
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Surface friction measurements were not available. Present Serviceability
Index (PSI) cannot be calculated due to insufficient informatiom.

The pressure relief joints have closed from their original 4.0 in
(102 mm] width to an average width of 1.15 in [29 mm], and have faulted an
average of 0.15 in [3.8 mm]. The outer lane relief joints had closed to an
average width of 1.47 in [37 mm], while the middle lane relief joints had
closed to an average width of 0.83 in [2]1 mm]. Thus, more closure took
place in the middle lane where fewer full-depth repairs were placed.
Relief joint faulting averaged about 0.15 in [3.8 mm] and was considered
acceptable. Figure 58 shows a typical relief joint on this project.

The filler in the relief joints was still intact and keeping
incompressibles from infiltrating, although a few of the pressure relief
joints exhibited medium—severity transverse joint and corner spalling.

The pressure‘relief joints installed in 1981 were inappropriate for
this project. Those joints were placed to prevent pressure buildup
problems, but there appeared to be no signs (blowups, compression cracks,
etc.) to substantiate a need for relief joints. Moreover, the installation
of the full-depth repairs should have alleviated any built-up pressure.

Because most of the surveyed original transverse contraction joints had
been replaced by full-depth repairs, it is difficult to determine what
effect the relief joints had on the adjacent contraction joints. However,
as previously noted, it is clear that the installation of the full-depth
repairs had the effect of relieving some of the built-up pressure, as
reflected by less closure of relief joints in the lanes which had a higher
density of full-depth repairs. The closure that did take place must be due
to a slight opening of the adjacent contraction and repair joints. Since a
good sealing program has been in place, it might be assumed that the joints
are being filled with pumped material from below. With so much expansion
capacity available (in the relief joints and repairs) it is not surprising
that the slabs are moving and pumping to f£ill this capacity.

Overall, this rehabilitation project is considered unsuccessful
because: 1) the full-depth repairs that were installed to address joint
spalling roughness have become rough due to faulting and have, in fact,
faulted more than twice as much in four years as the original contraction
joints have in 18 years; 2) the pressure relief joints were probably
unnecessary and have allowed the original and repair joints to open and
pump more readily; 3) faulting measurements indicate that the diamond
grinding reduced roughness only temporarily and that significant
roughness is redeveloping only one year later; and 4) the transverse drains

that were installed with some of the full-depth repairs have apparently

been ineffective in reducing pumping and faulting.

Suggestions for improvements include the incorporation of load transfer
devices in future full-depth repairs, installation of subdrains along the
entire project, cement grout undersealing at least in the vicinity of the
repairs and known voids, and regrinding the pavement when roughness becomes
unacceptable. Removal of the relief joints could also be considered.

Considering the current pavement condition, traffic levels and rates of
deterioration, the expected life of this pavement (to a state of
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Figure 58.

Photo of Pressure Relief Joint in Sample Unit
2 (Station 5+86) of VA064279 (Diamond-Ground

Direction).
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unacceptable roughness) is approximately 2 to 4 years from the date of
survey (1.8 to 3.6 million ESALs in the outer lane). The unground section
would benefit from more immediate attention. With proper rehabilitation,
this project should provide many additional years of service because it
shows little evidence of fatigue or structural failure.

VAD64284 -~ The original pavement was a 9-in [230 mm] JRCP with
61.5-ft [18.7 m] contraction joints, constructed and opened to traffic in
1968. Four-inch [102-mm] wide pressure relief joints were installed near
mid-slab in 1978 and 1984 at 1000-ft [305-m] intervals using diamond saw
cuts to prevent pressure buildup problems and blowups. A preformed
cellular foam filler conforming to ASTM D3204 was used. Several other
rehabilitation techniques were also applied to this project at various
times. Full-depth repairs were placed at most of the original joints in
1978 (eastbound lanes) and 1984 (westbound lanes) to address transverse
joint spalling (caused largely by the use of metal joint forming inserts in
the original pavement) and faulting. The older repairs in the eastbound
lanes were scheduled for replacement in 1985. The 1978 repairs included
flat anchor bars for load transfer. The 1984 repairs included a preformed
bituminous expansion joint filler (0.5 in [12.7 mm] thick) in the repair
approach joint and utilized no mechanical load transfer devices.
Partial-depth repairs were placed in 1973 and 1978 at localized joint
spalls. Joint resealing programs were accomplished in 1973, 1978 and 1984
using a variety of sealant types. The designs and performances of the
full-depth repairs are described in detail elsewhere in this report.

By 1985, the 1978 pressure relief joints had sustained about 4.3
million 18-kip [80-kN] ESALs and the 1984 relief joints had received about
0.8 million while the original pavement had received about 7.4 milliom.

The condition survey conducted in 1985 found low-severity transverse
joint and corner spalls, joint faulting, and localized areas of scaling and
deteriorated joint sealants. Only two low—~severity transverse cracks were
observed in the surveyed sample units.

Roughness was measured in 1985 using a Mays Ride Meter. A Roughness
Index of 133 (fair) was obtained for the eastbound driving lane (which
featured the 1978 repairs), and a Roughness Index of 144 (fair) was
obtained for the westbound driving lane (which featured the 1984 repairs).
Surface friction measurements and data for Present Serviceability Index
(PS1) computations were not available.

The 1978 pressure relief joints have closed from their original 4.0 in
[102 mm] width to an average width of 0.7 in [18 mm], which is about the
same width as the surrounding repair and contraction joints. They have
faulted an average of 0.19 in [4.8 mm]. The filler in these joints was
frequently absent and the joints were full of incompressibles. The only
1984 pressure relief joint surveyed is still 4.0 in [102 mm] wide, and has
faulted 0.15 in [3.8 mm]. There was no filler in this joint, nor is it
believed that a filler was ever placed in this joint. None of the pressure
relief joints have exhibited significant spalling problems.

The pressure relief joints installed in 1978 were inappropriate due to
the large number of full-depth repairs placed that same year. The removal
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of deteriorated concrete for full-depth repairs relieves built-up
compressive stresses in a pavement. However, transverse joints located
near the relief joints are not significantly wider or more faulted than
other tranasverse joints and the glabs themselves are still uncracked. Thus
the use of these relief joints appears to have done no harm and may have
prevented some spalling of the 1978 full-depth repairs, although it is
known that the calcium aluminate repairs are susceptible to spalling.

The pressure relief joints installed in 1984 were inappropriate for the
section of pavement surveyed, as indicated by the fact that the one joint
surveyed had not closed at all one year later. These lanes had already
been relieved through the installation of full-depth repairs with expansion
joints on one side at every original contraction joint. The repair joints
have not been adversely affected by all of the expansion capacity of the
pavement, but they have been in place only one year.

Overall, this rehabilitation project is not considered completely
successful, primarily due to the poor performance of the full-depth
repairs. The 1978 repairs are currently in poor condition and are
apparently about to be replaced. The 1984 repairs are displaying some
unusually high faults for such new repairs.

This project also illustrates the type of conditions for which pressure
relief joints may be appropriate for a pavement. These conditions include
such items as long joint spacing, no intermediate slab cracking, low truck
traffic volumes, and a mild environmental region.

VAD81148 - The original pavement was 9-in [230 mm] JRCP with 61.5-ft
[18.7 m] contraction joints and was constructed and opened to traffic in
1965. Four-inch [102-mm] wide pressure relief joints were installed near
mid-slab in 1976 at 1000-ft [305-m] intervals using diamond saw cuts to
prevent pressure buildup problems and blowups. A preformed cellular foam
filler conforming to ASTM D3204 was used. Several other rehabilitation
techniques were also applied to this project at various times, including a
1984 CPR demonstration project in the first surveyed sample unit. The CPR
project included the installation of full-depth undercut repairs at major
cracks and deteriorated joints, partial-depth repairs utilizing various
materials, pozzolan-cement grout undersealing of each joint, installation
of six-in [150-mm] perforated pipe longitudinal underdrains, load transfer
restoration with shear devices and retrofit dowels, diamond grinding and
joint resealing. The second sample unit contained pressure relief joints,
cement grout undersealing and joint resealing. The designs and
performances of the full- and partial-depth repairs and joint resealing
programs are described in detail in other portions of this report.

By 1985, the 1976 pressure relief joints had sustained about 6.6
million 18-kip [80~kN] ESALs in the outer lane and 1.3 million in the inner
lane while the original pavement had received about 8.8 million in the
outer lane and 1.2 million in the inner lane.

The condition survey of the second sample unit conducted in 1985 found
several panels that exhibited no cracking at all followed by several more
panels that displayed numerous transverse cracks of varying severity.
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These different performances are separated by a construction joint that
marks the end of one day’s work and the beginning of another.

The regular contraction joints in sample unit 2 had been resealed with
preformed compression seals which were displaying adhesion failure and
contained incompressibles. Joint widths in this area averaged 0.57 imn
[14 mm}. A few joints exhibited medium-severity spalling. These joints
had not been diamond ground and average faulting measurements of 0.07 in
and 0.02 in [1.8 and 0.5 mm] were obtained from the outer and inner lanes,
respectively.

A Roughness Index of 156 (fair) was obtained in the southbound truck
lane in 1985 using a Mays Ride Meter. Surface friction and Present
Serviceability Index (PSI) values were not available.

The pressure relief joint installed in sample unit 2 in 1976 has closed
to 1.0 in [25 mm] in the outer lame and 0.7 in [18 mm] in the inner lanme.
Adjacent contraction joints do not seem to have opened or faulted
significantly. Relief joint faulting measured 0.49 in [12 mm] in the outer
lane and 0.21 in [5 mm] in the inner lane.

The filler in the relief joint is still intact and in good condition,
keeping incompressibles from infiltrating. The relief joint did not
exhibit any spalling problems.

Other relief joints observed in the same area have closed and faulted
similarly and their adjacent contraction joints have opened. Faults of as
much as 2 in [51 mm] have been reported at some relief joints.

The pressure relief joints installed in 1976 appear to have been
inappropriate for this project. Those joints were placed to prevent
pressure buildup problems and blowups, but there did not seem to be any
signs (blowups, compression cracking, etc.) to substantiate the need for
relief joints. Moreover, the placement of the full-lane full-depth repairs
that incorporated expansion joints should have alleviated any pressure
buildup problems.

The inclusion of relief joints on this project did not appear to
adversely affect the pavement performance (except for a moderate increase
in roughness due to faulting across the relief joint itself). Adjacent
transverse contraction joints seemed to be no wider than more distant
joints, indicating that the relief joints did not contribute significantly
to the preformed joint sealant failures.

This rehabilitation project is considered successful because the
overall rate and level of deterioration has been reduced by the applied
rehabilitation. While it is possible that localized areas of roughness
will develop near the pressure relief joints and some of the full-depth
repairs, it is expected that this pavement will provide generally good
serviceability for 5 to 7 years from the date of survey (4 to 6 million
ESALs) given the current pavement condition and traffic levels.

Portions of the project (including sample unit 2) were scheduled for
CPR in 1985.
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CHAPTER IV
PAREL. CORCLUSIORS AND RECOMMENDATIONS

PERTAINING TO THE DESIGK AND USE OF PRESSURE RELIEF JOINTS

Conclusions

The use of pressure relief joints was unwarranted on most of the
projects surveyed and often caused more distress than would have been
prevented. Where pressure buildup problems/potential existed that were
not related to reactive aggregates, other techniques could have been
considered (i.e., good joint maintenance programs) which would have
been equally successful in preventing pressure damage and less likely
to result in, other types of pavement deterioration.

The use of pressure relief joints was generally warranted on projects
which included reactive aggregates in the PCC.

The unnecessary or excessive use of pressure relief joints often
results in one or more of the following:

o Excessive opening of adjacent cracks and contraction joints,
allowing the entry of incompressibles and water, which causes
increased faulting and spalling and continued pavement
expansion (due to entrapment of incompressibles).

o Shearing of longitudinal joint ties and faulting of the
longitudinal joint.

o Premature failure of load transfer shear devices and of
adjacent contraction joint sealant (particularly preformed
compression seals).

o Loss of load transfer and pavement support resulting in
increased pumping, faulting, corner breaks and punchouts.

Pressure relief joints are not likely to be as detrimental to pavement
performance when the existing pavement is free of working transverse
cracks and only low volumes of heavy truck traffic are present (less
than 100 trucks per day). Excessive opening of adjacent contraction
joints may still occur.

The largest portion of relief joint closure occurs within the first
year after installation if the use and construction of the relief
joints is appropriate.

Where used and constructed appropriately, pressure relief joints have
been found to be effective in preventing the development of pressure
damage for 3 to 7 years. New or additional joints must be considered
when the old ones become ineffective.
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Relief and expansion joints near secondary structures may provide
relief as far as 2000 ft [600 m] away. Contraction joints located near
such features exhibited much greater widths and faults and higher
incidences of sealant failure than more distant joints.

The installation of full-depth repairs provides relief of built-up
pressure and decreases the need to install pressure relief joints in
the vicinity of the repair.

Pressure relief joints placed without load transfer devices fault
rapidly. Pressure relief joints incorporating load transfer devices
have been constructed and have faulted very little under very heavy
traffic.

The placement of joint sealant material over the relief joint filler
material improves retention of the filler material.

Pressure relief joints are effective in preventing blowups, but do not
necessarily prevent joint deterioration. They prevent the hazard and
repair expense associated with the occurrence of blowups, but the
resulting deterioration of the original pavement (deteriorated cracks
and joints) may require more extensive repair than would have developed
if relief joints had not been placed (deteriorated joints omly).

Blowups have about the same effect as pressure relief joints on the
total movements at adjacent contraction joints.

Wide asphalt concrete-filled pressure relief joints installed in
concrete pavements that are to be overlaid can result in "humping" of
the overlay over the relief joint, deterioration of adjacent cracks and
joints and increased incidence and severity of reflection cracking.
Larger relief joint spacings tend to produce less joint and crack
deterioration and reflection cracking, but larger "humps." Shorter
spacings produce little "bumping" but very high densities and
severities of reflection cracking, including at the relief joint.

Foam-filled pressure relief joints installed in concrete pavements that
are to be overlaid can result in rapid deterioration of the overlay
directly over the relief joint because the soft filler material
provides no support to the overlay.

Skewing overlaid pressure relief joints has no apparent effect on the
magnitude of humping that develops. The pavement may be slightly more
acceptable to the user since only one wheel will cross the joint at a

time.

Overlays placed over pressure relief joints that have been in place for
several years may perform well without exhibiting much of the
deterioration normally associated with overlaid relief joints because
much of the pavement movement will have already taken place. .,

Illinois DOT“s "heavy-duty" pressure relief joints have performed well
under heavy traffic (greater than 10 million ESAL). Excessive rutting
produces unacceptable roughness at the transition between the overlay

and the PCC surface. ‘
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In general, the installation of pressure relief joints is recommended
only where reactive aggregates are present and a pressure buildup
problem exists or where an asphalt concrete overlay is to be placed
over & Portland cement concrete pavement that is expected to develop
pressure buildup problems, as described previously.

The installation of pressure relief joints in continuously reinforced
concrete pavement (CRCP) is not recommended. Pressure relief joints
placed in CRCP may cause tight adjacent cracks to deteriorate in a
short time (i.e., less than two years) even under relatively light
traffic and in the presence of a stabilized subbase.

The installation of pressure relief joints is not recommended for
pavements with short joint spacing except for protection of secondary
structures. Their use may result in decreased load transfer and
pavement support, and increased occurrence and severity of associated
distresses.

The continued use of pressure relief and expansion joints to protect
bridges is recommended for 2ll pavement types. Adjacent contraction
joint sealant reservoirs should be designed (or maintained) and sealed
to accommodate potentially large movements (i.e., use low-modulus
sealants in properly designed reservoirs). It is recommended that load
transfer be established for 6-10 contraction joints from the pressure
relief joint for plain undowelled pavements.

Pressure relief joint placement (where appropriate) must consider the
rate of pavement growth and the location and effectiveness of other
pressure-relieving features such as concurrently or recently placed
full-depth repairs and existing relief and expansion joints near
secondary structures. The minimum distance to such full-depth repairs
should consider their design (i.e., inclusion of expansion joints in
the repair) and the length of time the slab removal gap was left open
prior to concrete placement. New pressure relief joints should be
placed at least 1000 feet [305 m] from active pressure relieving
features. These considerations also apply to pavements to be overlaid.

Most new pressure relief joint widths should be limited to 1l to 2 in
[25 - 51 mm] (maximum) to reduce the possibility and severity of
over-relieving the pavement. Pavements with reactive aggregates may
require greater relief joint widths or more frequent relief joint
installations. Good performance has been obtained on highly expansive
pavements with pressure relief joint spacings of 2000 £t [600 m].

Sealant caps should be placed over the relief joint filler material in
all narrow relief joints to help keep the filler in the slot and keep

incompressibles from infiltrating. The sealant cap should be recessed
appropriately so that it doesn’t extrude as the pavement closes.

Deep cleaning of joints and cracks with high-pressure water to remove

trapped incompressibles followed by joint resealing should be tried on
an experimental basis to relieve pressure buildup caused by entrapment
of incompressibles.
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An alternative to the installation of undowelled pressure relief joints
is the removal and replacement of small slab sections (small full-depth
repairs across the pavement) utilizing dowels in the repair joints to
reduce the possibility and severity of pumping and faulting at the
joints. Pressure relief might be accomplished by either leaving the
repair open for 24 hours or by incorporating a marrow (l-in [25-mm])
expansion joint at one repair joint.

An alternate approach to pressure relief in CRCP that could be tried
experimentally is to remove and replace small sections of the pavement
(at typical relief joint intervals), leaving the repair hole open for
24 hours or more to allow the pavement to expand glightly before
reestablishing the reinforcing steel through the repair and placing new
concrete.

Where pressure relief joints are to be incorporated in full-depth
repairs, the total expansion capacity should be limited to 1 in [25 mm]
per 1000 ft [305 m] because removing the deteriorated material provides
some pressure relief.

The design of adjacent contraction joints (reservoir dimensions and
sealant material properties) should be checked prior to the
installation of pressure relief joints to insure that the expected
movement of the joint will not cause the sealant to fail. The
determination of expected joint movements should include consideration
of relief joint spacing, locatiom of other pressure relieving features
(bridge expansion joints, recently-placed full-depth repairs, etc.),
location of the contraction joints on vertical curves, ambient
temperature range, documented joint movement on similar projects and
other important factors. If anticipated contraction joint movements
will cause sealant failure, the joints should be widened and/or more
extensible sealants should be installed. Pressure relief joints are
not recommended to be installed om projects with preformed compression
seals unless resealing of the regular contraction joints (with an
extensible sealant) is scheduled to be performed concurrently.

Where blowups have occurred recently (not due to expansive or reactive
aggregate), thus relieving pressure, joint cleaning and resealing
should be considered as an alternative to pressure relief joint
installation.

The use of pressure relief joints in pavements that are about to be
overlaid is not generally recommended. Reflective cracking will
rapidly develop over the relief joints and adjacent joints and cracks,
requiring extra maintenance attention.

It is occasionally desirable to provide pressure relief joints in
structurally sound PCC pavements prior to placing asphalt concrete
overlays. Candidate projects include those with long joint spacings
and joints filled with incompressibles when the built-up pressure has
not been relieved by blowups, repairs or other pressure relieving
features. Construction of an AC overlay may increase the pavement
moisture to the point where hydro~thermal expansive pressures exceed
concrete strength, resulting in blowups beneath the overlay. The use
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of pressure relief joints may also be appropriate if the presence of
reactive aggregates will cause pavement expansion and blowups beneath
the overlay. Pressure relief joint designs for these applications
should include the same considerations described previously.

Asphalt concrete is recommended for relief joint filler material im
relief joints that are constructed in PCC pavements which will be
overlaid. ‘

On an experimental basis, dowels placed in slots across a pressure
relief joint may be tried to evaluate the performance and
cost~effectiveness of providing load transfer across such a joint. A
recommended procedure for establishing load transfer with dowels placed
in slots is given in Reference 146.
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CHAPTER V

FULL-DEPTH REPAIR BACKGROUND INFORMATIOR

Full-Depth Repairs/Joint constructi

Introduction

Jointed concrete pavements deteriorate at joints and at intermediate
cracks. Although most of the deterioration occurs at joints for a variety
of reasons (25, 29), often intermediate cracks deteriorate (i.e., spall and
fault) under repeated heavy traffic loadings. This usually occurs when
doweled joints become "“frozen" and the intermediate cracks are forced to
accommodate all horizontal slab movement. The cracks open slightly,
aggregate interlpck is rapidly lost, the cracks begin to fault, and
eventually the steel ruptures. This leads to further faulting and spalling
of the crack. Some projects will exhibit joints with very little
deterioration, but one or more intermediate working cracks in each slab
that are acting as joints. Working cracks should be repaired with either a
tied or dowelled full-depth repair (25).

Repairipg Large Areas

In some situations the existing distress is so extensive that the
repairing of every deteriorated joint and crack is impractical. Repair
costs can sometimes be reduced by simply removing and replacing larger
areas of the concrete slab. This is referred to as "slab replacement" and
generally provides more reliable performance than numerous small repairs.

A separate pay item is often included in contracts for this type of repair
because the unit repair cost per square yard is significantly less than for
smaller full-depth repairs.

Determining Repair Boundarjes

Repair boundaries must be selected so that all significant underlying
distress is removed along with the distress that appears on the pavement
surface. Deterioration near the joints is often more extensive at the
bottom of the slab than at the top, especially in freeze-thaw climates.
This is illustrated in Figure 59. Coring studies can provide information
concerning the extent of the deterioration beneath the slab surface. When
coring of the pavement is infeasible, chains, ball peen hammers, or lengths
of reinforcing bar may be used to "sound out™ the concrete. Areas issuing
a clear ringing sound are judged to be sound concrete while those emitting
a dull sound are considered to be weakened and should be marked for
removal. Sophisticated equipment for detecting unsound concrete is also
commercially available (147, 148, 149).

Repair boundaries should not be located too clese to existing
transverse cracks or joints, or adjacent slab distress may occur. Repair
boundaries should be placed no closer than 3 ft [0.9 m] from tight,
non-working cracks containing reinforcing steel and 6 ft {1.8 m] from
working cracks (30).
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Establishing minimum repair sizes reduces or eliminates rocking,
pumping and breakup, and facilitates construction work (i.e., drilling of
holes for dowels) within the patch boundaries. Very short repairs have
been known to crack lomgitudinally, resulting in patch failure similar to
edge punchout failure in continuously reinforced pavements. They may also
deflect independently of the adjacent slabs and cause excessive pumping.
Recommended minimum repair dimensions are given below (32).

1. Repairs that are tied, dowelled, or undercut for load transfer
should have a minimum length of 6 ft [1.8 m] (112).

2. Repairs that rely solely on aggregate interlock for load tramsfer
should be not less than 6 ft [1.8 m] long in low traffic areas and
8 to 10 ft [2.4 to 3.0 m] long in medium-high traffic areas.

3. Repairs, that extend across the full lane width are recommended.

Full-depth repairs may be located on either side of a joint, or om both
sides, depending on the location of the distresses. Repair boundaries may
be either skewed or perpendicular to the pavement edge and are generally
placed to match the existing joints. However, it is often difficult to
install dowels parallel to the direction of traffic in skewed joints.

D . E R . 1 .

The repair joint design is crucial to the performance of the repair.
Joint design still depends largely upon engineering experience, although
excellent analytical techniques for calculating edge and joint .stresses and

deformations are available.

Types of Joint Faces
The two types of sawed tranmsverse joint faces used in full-depth
patches are rough-faced and smooth-faced joints.

Rough-faced joints are constructed using a diamond blade concrete saw
to cut through less than 30% of the slab depth and breaking out the area to
be patched. The rough face provides some aggregate interlock properties
for load transfer (see Figure 60). Supplemental mechanical load transfer
devices may also be provided. Special care must be taken during the
breakout operation to avoid undercutting or damaging the surrounding slab
area. This procedure is no longer recommended by many agencies.

Smooth-faced joints are produced by sawing through most of the slab
depth (a full-depth cut is often used). The smooth face provides
essentially no aggregate interlock (see Figure 60) and load transfer must
be provided by some mechanical device (e.g., dowel bars, tie bars, or shear
device). This technique is now recommended by most state highway agencies.

Expansion or pressure relief joints placed between the slab and the
repair often produce poor results. Their poor load transfer capabilities
result in higher repair and slab stresses and deflections.

Types of Load Transfer

Load transfer refers to the ability of a joint or crack to transfer
load (and deflection) across the joint or crack and is often defined as the
ratio of the deflection of the unloaded side to the deflection of the
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loaded side. Poor load transfer usually leads to serious spalling, patch
rocking, faulting, and corner breaks. Common techniques used to develop
load transfer across a transverse repair joint include:

1. Tie Bars. Deformed rebars are grouted into the existing slab.
This is typically accomplished by drilling holes on 12 in [305 mml
centers into the exposed face of the existing slab. A nonuniform
spacing of three to five rebars (clustered in the wheel paths) may
be most efficient. A quick-setting, nonshrinking mortar or &
high-~viscosity epoxy can be used to anchor the deformed rebar into
the existing slabs. Tie bars should be used only where po
movement of the joint is desired.

2. Dowel Bars. Smooth steel bars (dowels) may be inserted into holes
drilled into the existing slab, as described above. Dowels are
often cpated with a lubricant to facilitate horizontal movement at
the joint (e.g., due to thermal expansion and contraction) and
should be coated with epoxy, plastic or some other material to
resist corrosion. Dowels should be used when horizontal movement
of the joint is desired. Figure 61 shows a typical layout for e
given full depth repair. The performance of dowelled repair
joints has been inconsistent due to difficulties in securing the
dowels in the existing slab. Weakening of the concrete
surrounding the dowel (from drilling the dowel holes) and
ineffective grouting procedures have been common problems.

3. Repair Under-Cutting. The subbase/subgrade may be excavated from

beneath the slab and filled with concrete. This type of repair is
often referred to as an "inverted tee" repair. This method is not
recommended for areas with frost heave problems unless it is used
in conjunction with tie or dowel bars. Even in non-frost areas,
poor load transfer will be obtained if good concrete consolidation
is not achieved in the lip of the repair or if the repair settles.

4. Aggregate Interlock. This type of load transfer is obtained from

the mechanical interlock of repair material with rough-faced
joints. It should only be used in conjunction with short joint
spacings and is unreliable, especially in cold weather or when
pressure relief joints are located nearby and the joints open.

Contraction joints may be reestablished within the repair boundaries
when it is infeasible to construct them at the repair boundaries. The
repair is tied to the adjacent slabs with deformed rebar. The contraction
joint is then formed using prefabricated dowel and fiberboard assemblies
(see Figure 62), dowels mounted on chairs and a partial-depth saw cut, or
other appropriate means.

Selecting the Proper Joint Design

The joint design is often selected based on the load transfer required
to prevent serious repair faulting or rocking for & given climate, traffic
and foundation., Truck traffic affects the load transfer required. The
following general recommendations have been used to determine load transfer
required in some states:
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Figure 62.

4o

Photo of Prefabricated Joint Assembly from Michigan.
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1. Jointed Plain Concrete Pavements. The repair should be dowelled

if the existing slab contains dowels at the transverse joints. If
the existing slab does not contain dowels, aggregate interlock is
often used, although the guidelines given in Figure 63 may provide
superior performance.

2. Jointed Reinforced Concrete Pavements. Because long—jointed
pavements are usually subject to large thermal joint movements,
dowels are normally installed at both repair joints or at one
joint with tie bars at the other. Joint design (dowel and tie bar
arrangements) should be similar to that provided in new
pavements. Tied "inverted~tee" repairs have provided satisfactory
performance on some projects.

Materials C id .

4

Conventional Repair Materials

The concrete mixture is normally selected based on the curing time
available before the repair must be opened to traffic. Regular concrete
paving mixtures are often used when curing times of several days are
possible. If earlier opening times (e.g., 1 to 3 days) are required, Type
I1I (high early strength) cement, increased cement content, cement with
accelerators, minimal mixing water (decreased water:cement ratio), and/or
insulating layers placed on top of the repair to retain the heat of
hydration have been used to produce high early strengths. Typical repair
mixtures utilize seven to nine bags of cement per cubic yard of concrete
and a water reducer or set-accelerator to achieve one~ to three-~day
openings (and some as short as &4 hours) (25, 31, 97, 114, 130). Table 14
provides some approximate minimum times for opening concrete repalrs to
traffic for various slab thicknesses, mix designs, ambient temperatures,
admixtures, and curing conditioms (31).

Proprietary Repair Materials

Rapid-setting materials are available for very early openings and are
summarized in Reference 98. Costs of many of these special materials are
much greater than for typical paving concrete and for this reason they are
not commonly used for full-depth repairs.

Precast Full-Depth Repairs

Projects requiring rapid repair can utilize precast repairs.
Full-depth precast permanent repairs have been used experimentally in
several states (Michigan, California, Florida, Virginia, etc.) to provide
repair of deteriorated pavement joints (30, 36, 44, 45, 77, 112, 114,
131). The Michigan DOT proved that a concrete pavement could be repaired
with a precast slab within one and one-half hours (114) if mechanical load
transfer devices were not used. Cost for such a repair is somewhat higher
than for conventional full-depth repair.

Since there is no load transfer capability inherent in the use of

precast repairs, it is necessary to subsequently install some form of
mechanical load transfer device if load transfer is desired.

Several techniques have been tried for precasting the slabs, removing
the damaged concrete and placing the precast slab. These are detailed in
Reference 114.
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Table 14. Early Opening Guidelines for Full-Depth Repairs
[1 in = 25.4 mm; 0C = (9F-32)5/9] (Ref. 31).

Slab Ambient Full-Depth Repair Mixtures/Curing*
Thickness Temperature At (houre after placement)
(inches) Placement (OF) A B C D E F
7 40 203 90 69 29 28 7
50 125 60 41 21 20 5
60 80 45 28 17 16 4
. 70 60 38 21 14 13 3
80 48 35 17 13 11 3
90 40 30 13 13 9 3
8 40 145 59 55 24 24 6
50 82 40 35 18 17 5
60 58 31 24 13 13 4
70 42 26 17 11 10 3
80 35 23 13 10 9 3
90 29 22 11 9 8 3
9 40 82 34 37 15 16 5
50 51 25 23 12 13 3
60 28 19 16 9 9 3
70 25 16 12 8 7 3
80 20 14 10 6 6 3
90 17 12 8 5 5 3
10 40 45 18 23 9 9 3
50 30 14 14 7 7 3
60 20 10 9 5 5 3
70 15 9 7 4 4 3
80 12 7 5 4 4 3
920 9 6 4 3 3 3

*All mixtures contain 650 pounds cement per cubic yard [386 kg per
cubic meter] and 2% CaCl.

Mixture Characteristics: A B c D E F
water/cement ratio 0.42 0.42 0.35 0.42 0.35 0.35
cement type I I I 111 1 111
superplasticizer no no yes no yes yes
fiberglass insulation no yes no yes yes yes

Note: These results are based on research done at the University of
Il1linois, Department of Civil Engineering, using a computer program written
in the Microsoft BASIC language. They are intended as guidelines and
should only be used after careful evaluation.

136



R M NN e G EEE N S o

c . c id .

Standard Repair Considerations
The major construction steps involved in full-depth repair and joint
reconstruction of jointed concrete pavements are:

1. Sawing the repair boundaries.
2. Removing concrete within the boundaries.

3. Repairing the slab foundation (or excavating for
undercutting).

4. Placement of load transfer devices (if used).
5. Placement of reinforcement (if used).

6. Placement of the concrete.

7. Curing and opening to traffic.

Techniques for all of the gbove steps and construction procedures and
guide specifications are included in the Appendices.

Reconstructed or reformed transverse joints are constructed similar to
new construction. They are resawed (if necessary to obtain a proper
sealant reservoir shape factor) and sealed with a preformed seal or a
high—quality poured sealant with the appropriate shape factor.

Multiple-Lane Repair Operations

On multiple-lane facilities, deterioration may occur across two or more
lanes. 1If the distress occurs in only one lane, it is not necessary to
repair the other lane(s). When two or more adjacent lanes contain distress
and they must be repaired one lane at a time to maintain traffic flow, the
best results are usually obtained by repairing the lane with the least
truck traffic first. This places any cracks that may form in a location
where they will be least likely to deteriorate under future traffic (72).

1f blowups occur due to concentration of expansion forces in one lane
(while the other is being repaired), it may be necessary to cut pressure
relief joints at intervals of 600 to 1200 ft [183 to 366 mm] or delay
repair until cooler weather occurs.

. .

Past P o3 -

The performance of full-depth repairs has been inconsistent. While
there are many documented cases of repairs that have performed
satisfactorily, the performance record of many in-service full-depth
repairs has been poor (25, 72, 77, 84, 97, 112, 119, 128, 131). Failures
due to repair settlement, faulting, loss of load transfer and subbase
support, spalling, pumping and frost heave have been observed within a few
months after construction on some repairs. Thus, there is considerable
room for improvement in the design and construction of full-depth repairs.
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CHAPTER VI

EVALUATION OF IN-SERVICE FULL-DEPTH REPAIR INSTALLATIONS

AZ010255 - The original pavement was a 12-in [305 mm) JPCP with 15-ft
[4.7 m] contraction joints and was constructed and opened to traffic in
1960. A third lane was added to the inside of the existing pavement lanes
in 1982. Full-depth repairs (in the form of full-slab replacements) were
placed in 1982 at approximately 2% of the panels to address slab cracking.
Other rehabilitation techniques applied include partial-depth repairs,
diamond grinding, and tied concrete shoulders. Due to high traffic
volumes, only the outer lane was surveyed.

The following table summarizes faulting of the surveyed joints [1 in =
25.4 mm]: ¢

REG CONT REP APP REP LV
outer lane outer lane cuter lane
Total Meeting
Acceptance 100% 100% 100%
Criteria
Average Fault 0.01 0.02 0.02
ESALs Sustained
By Joint Type 6.2 1.2 1.2

(millions)

The acceptance criteria includes gll faults in the range of -0.20 in to
0.20 in [-5.1 mm to 5.1 mm]. Faults in this range are considereded
acceptable by the user.

The design of the full-depth repairs is shown in Figure 64. The two
slab replacements are performing very well. No distresses were observed
with the repairs, and they are exhibiting minimal faulting.

The transverse contraction joints associated with the full-depth
repairs are also performing well. Joint widths ranged from 0.5 in to
3.4 in [13 mm to 86 mm]. The large joint widths may be attributed to the
full-depth repairs” proximity to a bridge, where considerable movement is
taking place. The joint sealant in the repair joints was still intact, and
no incompressibles were present. Spalling was not a problem at any of the
repair locations.

The full-depth repairs placed in 1982 have successfully addressed the
joint spalling and faulting of the original pavement. They are performing
well and show no signs of distress. Since only two repairs were evaluated,
it is difficult to assess the effectiveness of this repair technique.

Based on their condition, it would appear that they have been successful.
Bowever, there presently exists a large number of cracked slabs. It 1is
possible that not emough full-depth repairs were placed in 1982.
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Overall, this rehabilitation project is considered successful because
of the combined performance of the full-depth repairs, partial-depth
repairs, and diamond grinding. Most of the joints in both lanes are
smooth, and spalling is not a major problem. There are several locations
(particularly sample unit 2, stations 4+60 to 5+40 and stations 6+80 to
7+60) where longitudinal cracking exists over many consecutive slabs and is
in need of immediate repair. Also, selected slabs throughout the sample
units are displaying medium-severity slab cracking. Thus, additional slab
replacements should be performed now.

In nearly 26 years of service, this pavement has performed rather
well. While diamond grinding was performed to address roughness problems,
the slabs are still structurally sound. The enviromment in which the
pavement exists has probably contributed to its performance, as this
pavement is not subjected to the freeze—thaw action or moisture excesses
that are so detrimental to pavements in the northern parts of the country.

ILD55098 - The original pavement was a 10-in [254 mm] JRCP with
100-ft [30.5 m] contraction joints and was constructed and opened to
traffic in 1963. Full-depth repairs were placed at most joints in 1983 to
address a moderate to severe "D" cracking problem. However, the following
winter many of the repairs developed deep spalling and pumping due to loss
of leoad transfer, and approximately 50% of the 1983 repairs were replaced
in 1984. The 1983 repairs were typically 4 ft [1.2 m] wide and used a 3-2
dowel configuration (3 dowels in the outer wheelpath and 2 in the inner
wheelpath). Dowel bars were 1.25 in [32 mm] in diameter and 18 in [457 mm]
long. Several of the 1983 repairs were partial lane width. The 1984
repairs were typically 6 ft [1.8 ft] wide and contained the same dowel bars
and configuration as the 1983 repairs. Some 1984 repairs also incorporated
a 2-in [51 mm] wide preformed cellular plastic joint filler om both the
approach and leave sides of the repair. Other rehabilitation techniques
applied to the pavement include pressure relief joints, cement grout
undersealing, and longitudinal underdrains. The design of the full-depth
repairs is shown is Figure 65.

The following table summarizes faulting of the surveyed joints [1 in =
25.4 mm]:

1983 REPAIRS 1984 REPAIRS
REP APP REP IV REP APP REP 1LV
outer inner outer inner outer inner cuter inner

Total Meeting

Acceptance 73% 100% 100% 77% 83% 91% 92% 82%
Criteria
Average Fault 0.10 0.10 0.08 0.18 0.12 0.07 0.11 0.14

——— - — o

ESALs Sustained
By Joint Type 2.5 0.6 2.5 0.6 1.3 0.3 1.3 0.3
(millions)
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Both sets of repairs do not always meet the acceptance criteria for
smoothness, which is somewhat surprising for the short period for which
they have been down. This large faulting may be due to poor load tramsfer
at the repair joints. The loss of load transfer may be attributed to heavy
truck traffic, poor support of the dowels due to a relatively large annular
gap around the dowels, and inadequate grouting techniques. No difference
in faulting is detected between the 1983 and 1984 repairs.

Joint spalling was present in both repairs and is attributed to the
loss of load transfer, the absence of a properly formed sealant reservoir,
and the presence of incompressibles in the joints. Slightly worse spalling
was observed at the 1983 repairs than at the 1984 repairs (see Figure 66).
Some corner spalls were observed (for both repairs) where repair boundaries
in adjacent lanes were not collinear and the concrete between the offset
transverse joints spalled. Spalls were also observed in the 1983 repairs
where "D"-cracked concrete was apparently not entirely removed prior to
placement of the full-depth repairs. The repairs themselves did not
exhibit any "D" cracking.

The majority of the repairs surveyed exhibited little or mo cracking
and the few cracks that were observed were in the 1983 repairs and were of
low severity. Longitudinal joint spalling was observed within a series of
five repairs where the longitudinal joint was not sawed or formed.

The location of the worst spalling (repair side of approach joint)
indicates that the repair is being forced backwards against the approach
joint by the torque of the passing wheels. The tight approach joints and
open leave joints at some of the repairs support this theory.

Most of the full-depth repair transverse contraction joints associated
with the full-depth repairs are performing poorly, as evidenced by the
spalling and faulting conditions observed. Contraction joint widths ranged
from 0.0 in to 0.3 in [0.0 mm to 7.6 mm] and most (84% of the 1983 repairs,
72% of the 1984 repairs) were tight. Joint width measurements (and
faulting) were consistently larger for repair leave joints than for repair

approach joints.

The partial-lane-width full-depth repairs are performing poorly, as
they are exhibiting high faults, large spalls, and tight joints. In
addition, "D" cracking is present on the original slab outside of the
repair.

The full-depth repairs placed in 1984 addressed spalling (due to "D"
cracking) and faulting (due to pumping) of the original joints. These
distresses were due primarily to loss of load transfer at the 1983 repairs,
as discussed earlier. Also, some of the 1984 repairs were directed at
areas that should have been repaired in 1983 but were not, due to limited
funds. It is possible that earlier placement of these repairs would have
reduced the subsequent deterioration of the pavement and number of repairs
needed, and extended the remaining serviceable life of the section.

Overall, this rehabilitation project is not considered completely

successful, primarily due to poor performance of the full-depth repairs.
The expected life of this pavement is approximately five to seven years
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were rated as low severity.

Figure 66. Summary of Spalling at Repair Locations on IL055098.
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from the installation of the full-depth repairs (6.5 to 9.1 million

ESALs). Thus major rehabilitation, in the form of additional repairs
and/or an overlay, is expected to be needed as early as 1988 or as late as
1990. However, in anticipation of increased routine maintenance
expenditures associated with continued pavement deterioration due to "D"
cracking, IDOT has planned an overlay for the project for the fall of 1985.

IL055102 - The original pavement was & 10-in [254 mm] JRCP with
100-ft [30.5 m] contraction joints and was constructed and opened to
traffic in 1963. Rehabilitation techniques applied include full- and
partial-depth repairs, longitudinal underdrains, cement grout undersealing,
and diamond grinding. Typically 4-ft [1.2 m] wide patches (many only
partial lane width) were placed in 1983 at approximately 20% of the joints
to address joint spalling. The repair contained 1.25-in [32 mm] dowels in
a 3-2 dowel bar gconfiguration (3 dowels in the outer wheelpath and 2 dowels
in the inner wheelpath). The typical repair design is similar to that used
on IL055098 (as shown in Figure 65).

The following table summarizes faulting of the surveyed joints [1 in =
25.4 mm]:

REG CONT REP APP REP LV
outer inner outer inner outer  inner

-

Total Meeting

Acceptance 100% 100% 100% 100% 50% 100%
Criteria

Average Fault 0.03 0.02 0.08 0.06 0.21 0.04
ESALs Sustained

By Joint Type 1300 2-0 206 0-4 2.6 0'4
(millions)

The effect of the diamond grinding is reflected in the faulting
measurements. The repair leave joint faulting is larger than the repair
approach joint faulting.

There are some low- to medium-severity joint spalls associated with the
repairs (in the repair itself and in the adjacent slabs), but nothing that
greatly affects repair performance. Some of the smaller joint spalls may
have been caused by the diamond grinding operation. Spalling was observed
on the repair side of the approach joint, which often exhibited
medium-severity spalling. Medium-severity cormer spalling was evident
throughout both sample units, located primarily on the approach side of the
repair. Longitudinal joint spalling of low to medium severity was observed
along the outside edge (between adjacent lanes) of several repairs.

The full-depth repairs placed in 1983 were directed at the joint
spalling and corner breaks of the original pavement. These repairs were
placed before the diamond grinding, which provided the maximum benefit from
the grinding. The full-depth repair/diamond grinding combination has thus
far successfully addressed the problem of original joint faulting and
spalling. Because grinding was performed soon after full-depth repair
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installation, the faulting observed can be concluded to have developed
since the placement of repairs (i.e., grinding removed only construction
roughness and immediate settlement, not long-term faulting).

Although some of the repairs are exhibiting medium—severity spalling on
the approach side of the repair, they are considered to be performing well
because they are still providing a smooth riding surface.

Overall, this rehabilitation project is considered successful,
primarily due to the smooth surface provided by the rehabilitation. The
expected life of this pavement is approximately six to nine years from the
time of the diamond grinding operation (6 to 9 million ESALs). Thus major
rehabilitation, in the form of additional full-depth repairs and diamond
grinding or am overlay, is expected to be needed as early as 1990 or as
late as 1993, depending on how quickly the faulting redevelops.

Although constructed and opened at the same time as IL055098, which is
just adjacent to it, this project (IL055102) has performed much better.
The primary reason for this is that this original construction section
utilized an aggregate which was less susceptible to "D" cracking than that
used on IL055098. The "D" cracking problem has been a major source of
deterioration for IL0O55098. The comparison of these two projects
illustrates the effect of materials on pavement performance. In addition,
1L055098 has received slightly more truck traffic than IL055102, which has
also contributed to its deterioration.

I1L280-74 - The original pavement was a 10-in [254 mm] JRCP with
100-£ft [30.5 m] contraction joints and was comstructed and opened to
traffic in 1962. The pavement design, construction, and rehabilitation
history is the same for both Interstate sections, the only difference being
that I-280 carries more traffic. Full-depth repairs were placed in 1984 at
approximately 487 of the joints to address joint spalling and faulting.
The repairs contained 1.25-in [32 mm] dowels in a 3-3 dowel bar
configuration (3 dowel bars in each wheelpath). The transverse repair
joints were sawed and sealed after placement. The typical repair design
used on this project is shown in Figure 67. Other rehabilitation
techniques applied include partial-~depth repairs, undersealing, diamond
grinding, longitudinal underdrains, and joint resealing.
The following table summarizes faulting of the surveyed joints [l in =

25.4 mm]:
I-280 REPAIRS I-74 REPAIRS
REP APP REP LV REP APP REP 1LV

outer inner outer inner outer inmer outer inner

Total Meeting

Acceptance 100% 100% 100% 100% 100% 100% 100% 100%
Criteria
Average Fault -0.01 0.02 0.05 0.04 -0.01 0.01 0.02 0.02
ESALs Sustained
By Joint Type 1.0 0.2 1-0 0-2 006 0-1 0-6 0-1
(millions)
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Figure 67. Illustration of Full-Depth Repair Design Used on IL280-74
[1L in = 25.4 mm].




Faulting of the repair joints was not a problem. All of the repair
joints were in the smooth ride range of -0.20 in to 0.20 in [-5.1 mm to
5.1 mm], which can be attributed to diamond grinding. Repair joint faults
are generally not much greater than faults at the original contraction
joints, although one repair leave joint fault measured 0.l14 in [3.6 mm].
Repair leave joints were commonly faulted more than repair approach joints,
and the repair joints on I-280 were faulted slightly more than those on
I-74 (due to there being more traffic on I-280). Although the faults are
still very small, there is clearly a tendency towards tilted (approach end
low) repairs, which typically accompanies pumping.

While the repair joints are generally smooth, the sealant is present
and performing well in only 53% of the joints. The sealant is partially or
completely absent from the remaining 477 of the repair joints. The repair
joint widths ranged from 0.0 in to 1.0 in [0 mm to 25 mm]. The joints with
smaller widths (P.0 in to 0.2 in [0 mm to 5 mm]) were frequently the ones
whose sealant was absent.

Low- and medium-severity spalling was found near several of the
surveyed full-depth repairs. Figure 68 summarizes the location and
severity of the observed spalling at repair locations.

The majority of the surveyed full-depth repairs were placed in the
inner lane, which may be an indication that climate and age, rather than
traffic, are the major causes of distress.

The full-depth repairs placed in 1984 addressed the joint spalling and
joint faulting of the original pavement. They are performing well after
only one year of service, but do exhibit relatively high faults at the
repair leave joints at a few locations and the joint sealant is absent from
many of the repair joints. These two conditions gcould lead to increased
faulting and joint spalling, in spite of the efforts that were apparently
taken to insure good performance and serviceability (undersealing, diamond
grinding, and longitudinal underdrains). It is possible that there may
have been difficulties in the dowel installation (poor grouting technique,
excessively large dowel holes, etc.) which might contribute to large faults
at some joints.

Design/construction improvements that might have been considered would
have been reconstruction of the shoulder with a deeper free-draining base
and a concrete surface (to reduce edge stresses and pavement deflections),
and better joint sealant installation.

Overall, this rehabilitation project is comnsidered successful after one
year of service, due to the combined performance of all the applied
rehabilitation techniques.

Considering the current pavement condition and traffic levels,
additional major rehabilitation (full-depth repairs, diamond grinding,
structural overlays, etc.) should not be necessary for 4 to 7 years from
the date of survey (4.0 to 7.0 million ESALs) for I-280 and 6 to 10 years
from the date of survey (3.6 to 6.0 million ESALs) for I1I-74. However, as
previously noted, it is possible that age and climatic effects may take a
larger toll on the pavement condition than the effect of traffic, thereby
requiring rehabilitation for each section sooner.
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g 1-280
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|-74
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NOTE: ALL UNDAMAGED JOINTS AND ALL JOINTS WITH LOW
'SEVERITY SPALLING WERE RATED AS LOW SEVERITY.

Figure 68. Summary of Spalling at Repair Locations on 11.280-74.
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Due to the present pavement condition, it is recommended that
partial-depth repair and joint resealing work be accomplished as soon as
possible. However, 100-ft [30.5 m] slabs are difficult to seal properly
due to the large amount of movement associated with such long slabs.

IL080105 -~ The original pavement was a 10-in [254 mm] JRCP with
100-ft [30.5 m] contraction joints and was constructed and opened to
traffic in 1960. Full-depth repairs were placed in 1983 at several joints
and at several major cracks. However, deep spalling occurred in many of
the 1983 repairs and they were replaced in 1985. The 1983 repairs were
typically 4 ft [1.2 m] wide and used 1.25-in [32 mm] diameter, 18-in [457]
long dowels. A 3-2 dowel bar configuration was used (3 dowels in the outer
wheelpath and 2 in the inner wheelpath). The repair joints were not
resealed after placement. The 1985 repairs were generally 6 ft [1.8 m]
wide and used 1.50-in [38 mm] diameter, 18-in [457 mm] long dowels in a 5-5
configuration (5 dowels in both the outer and inner wheelpaths). The
repair joint was sawed and sealed after placement. One 1983 repair and
five 1985 repairs were surveyed. The 1983 repair were surveyed in June,
1985, and the 1985 repairs were surveyed in August, 1986. The full-depth
repair designs are shown in Figure 69. Other rehabilitation techniques
applied include pressure relief joints, undersealing, diamond grinding,
longitudinal underdrains, load transfer restoration, and joint resealing.

The following table summarizes faulting of the surveyed joints [l in =
25.4 mm]:
1983 REPAIRS-(“85 Data) 1985 REPAIRS-(“86 Data)
REP APP REP 1LV REP APP REP LV
outer inner outer inner outer inner outer inner

Total Meeting

Acceptance N/A 100% N/A 100% 100% 100% 100% 75%
Criteria
Average Fault N/A 0.05 N/A -0.02 -0.04 0.03 0.03 0.14

ESALs Sustained
By Joint Type N/A 0.4 N/A 0.4 1.1 0.2 1.1 0.2

(millions)

It is observed that faulting of both sets of repairs was generally
within the smooth ride range, but one 1985 repair displayed an unusually
high leave fault (0.46 in [12 mm]). This is an unexpected fault for such a
new repair which not only contains 10 dowel bars, but dowels of 1.5 in
[38 mm] diameter.

The faulting of both sets of repair joints did not seem to indicate any
consistent pattern in the vertical orientation of the repair. This is
probably due to the fact that the 1985 repairs have only been in place for
one year and have not started to show "true" faults (from pumping). The
faulting that the 1985 repairs are displaying now may have been built in
during construction. The faulting of the 1985 repairs is comparable to
that of the 1983 repair (which had been diamond ground).

149



Existing Slab —\

Repair Length

/ Existing Slab

4' Typ.

1.258" ¢ Dowels,
/ 18" -Long '
/
/ /

New PCC Repair

TR E T 7

.

/

®
{ J O
’ -

Yy @ @ .=

Existing Slab

Subgrade
AASHTO A-7-6

Repair Length

Crushed Stone Base

/ Existing Slab

6" Typ.

/—Sawed and Sealed Reservoir—\

1.50" ¢ Dowels,
18" Long ‘
¢/ /
4 /

New PCC Repa.ir. o

I(l\ .
i
\
107

///////////// ///

Figure 69.

Subgrade
AASHTO A-7-6

[1 in = 25.4 mm].

150

Crushed Stone Base

I1lustration of Full-Depth Repair Designs Used on IL080105



L N O I N R N OE s

The 1985 repair joints had all been resawed and resealed after their
placement. However, the 1983 repair had not been sealed, and both repair
joints contained incompressibles and, subsequently, is spalling on the
repair side of each joint. In addition, the joints were tight on this
repair, as compared to an average width of 0.7 in [18 mm] for both the
approach and leave joints of the 1985 repairs.

This project demonstrates the importance of sawing and sealing
full-depth repair joints, as the 1985 repair joints (which were sealed) are
performing extremely well. The 1985 repairs are structurally sound and
will be able to sustain additional traffic loading. However, the 1983
full-depth repair is experiencing spalling problems at both repair joints,
due to the lack of sawing and resealing those joints.

The expected life of this pavement is approximately five to eight years
(5.5 to B.8 million ESALs) from the date of the rehabilitatiomn. Thus,
full-depth repairs and diamond grinding or an overlay is expected to be
needed as early as 1989 or as late as 1992,

However, prior to that time the following measures are recommended:

1. A review of the 1983 repairs should be conducted, with
removal and replacement of those exhibiting serious distress.

2. The failed shear devices should be removed and replaced.

3. A joint resealing project should be performed over the entire
project (trying to account for the long slab lengths).

4. A crack sealing program should be performed.

1A080288 - The original pavement was a 10-in [254 mm] JRCP with
76.5-ft [23.3 m] contraction joints and was constructed and opened to
traffic in 1959. Full-depth repairs were placed in 1984, along with cement
grout undersealing and diamond grinding. Only two full-depth repairs were
surveyed. They contained 1.25-in [32 mm] diesmeter, 18-in [457 mm] lomng
dowels (placed on 12-in [305 mm] centers), a fabric interlayer, transverse
underdrains, and a drainable granular base. The joint was sawed and sealed
after concrete placement. The repair design is shown in Figure 70.
The following table summarizes faulting of the surveyed joints [l in =

25.4 mm]:
REG CONT REP APP REP LV

outer inner outer inner outer inner

-

Total Meeting

Acceptance 100% 100% 100% 100% 100% 100%
Criteria
Average Fault 0.04 0.02 0.07 0.07 0.07 0.07
ESALg Sustained
By Joint Type 13.2 2.8 0.8 0.2 0.8 0.2
(millions)
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Faulting of the repairs is pot a problem, as all measurements are well
within acceptable limits. However, repair joint faulting is nearly double
that of the original contraction joints after grinding. This particular
project has historically exhibited a large degree of pumping.

The repairs themselves are uncracked, and the transverse repair joints
are performing well. The joint sealant is still intact, keeping
incompressibles out, and no spalling was observed. Joint widths ranged
from 0.2 in to 1.4 in [5.1 mm to 35.6 mm]. The 1.4 in [35.6 mm] joint
width was found on the leave side of one repair and is apparently an
expansion joint.

The full-depth repairs successfully addressed the joint deterioration
of the original pavement. They have withstood 1 year of traffic (nearly 1
million ESALs) without any signs of distress. The repairs are structurally
sound and it is pot believed they will deteriorate in the near future. The
development of faulting will need to be monitored, however. Rapid
development of faulting would be an indication that the epoxied dowels are
not performing adequately.

Faulting of the underseazled repair leave joints in the first sample
unit is much less than that of the non-undersealed repair leave joints in
the second sample unit, which could indicate that the undersealing was
beneficial. However, the larger faults could also be attributed to the
apparent use of expansion joints in the repairs in the second sample unit.

The expected remaining life of this pavement before major
rehabilitation is approximately 5 to 7 years from the date of survey (5 to
7 million ESALs). Thus major rehabilitation, in the form of additional
full-depth repairs and/or diamond grinding, is expected to be needed as
early as 1990 or as late as 1992,

1A035086 -The original pavement was a 10-in [229 mm] JRCP with
76.5-ft [23.3 m] contraction joints and was constructed and opened to
traffic in 1965. This project features the evolution of the full-depth
repair design used by the Iowa Department of Transportation. Full-depth
repairs were placed from 1977 to present at approximately 70% of the joints
to address spalling brought about by "D" cracking. Pressure relief joints
were also placed within the project in 1980. The following table
summarizes additions to the repair design (no additions have been added in
the last two years).

Year Addjition
1980 Porous Material
Beneath Repair
1981 Fabric Interlayer
1981 Transverse Drains
1983 Dowel Bars
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The design of the 1985 full-depth repairs is the same as that shown in
Figure 70. The dowels used were 1.25 in [32 mm] diameter, 18 in [457 mm]
long, on 12 in [305 mm] centers. The following table summarizes the
average full-depth repair joint faulting:

Summary of Observed Joint Faulting
(Faulting in inches [1 in = 25.4 mm]; no. of observations in parentheses)

Construction Year 79 81 83 84 85

Cum. ESAL (inner/outer) 0.6/3.0 0.4/2.2 0.3/1.2 0.1/0.6 0/0
—— - | |- | j—— !
Approach ]0.185 (2)]0.056 (7)] - ]0.002 (13)}0.04 (23)]
INNER LANE- - [-— |-— - | |
Leave 10.135 (2)10.071 (7)} - ]0.051 (13)]0.09 (23))
—— ——- |- = j—— |
Approagh  ]0.268 (5)[0.250 (19]0.330 (1)]0.106 (17)]0.00 (1) |
OUTER LANE- - - -~ -~ - |
Leave 10.070 (5)]0.233 (18]|-0.04 (1)|-0.01 (17)]0.06 (1) |
- |- = |- | |- ]
DOWELS | NO |  NO |  YES |  YES | YES |
|

- |- I l l |

This table illustrates that faulting is much lower on repairs placed
after 1983, when dowel bars were incorporated in the design. The effect of
traffic is also indicated by the significant differences in faulting
between the inner and outer lanes. Curiously, these averages imndicate that
the approach joint is generally more faulted than the leave joints, which
is contrary to what has been observed on other projects.

Most of the old repairs have assumed a tilted orientation (with respect
to the original pavement), which is indicative of pumping. The positions
of the newer repairs also indicates that some pumping may be occurring, but
the magnitude of the faults suggest that the damage is minimal so far. A
few of the newer repairs appear to be slightly raised or settled, which is
attributed to repair overfilling or underfilling.

All of the full-depth repairs are structurally sound, but some are
rough due to joint faulting and spalling. The repairs placed after 1983
are in the best overall condition, probably because these repairs included
dowel bar load transfer systems and have been subjected to less traffic
than the earlier repairs.

One of the 1981 outer lane repairs has cracked longitudinally near the
center of the lane, but no other repair cracking was observed. Also, small
corner breaks were found outside of a few of the older repairs, but the
corners of the repairs themselves were never broken. As expected, the 198l
and 1979 repairs show the highest amount of spalling, particularly on the
approach side of the repair. The older repairs (198l and 1979) also
exhibited poor sealant condition and incompressibles in the joints, which
probably was the reason for the spalling. The 1984 and 1985 repairs
exhibited very few significant spalls.

"D" cracking was not observed in the repairs themselves, but was found
in the slabs adjacent to the repairs. This is probably due to incomplete
removal of "D"~cracked concrete during repair work and subsequent

progression of "D" cracking.
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Medium-severity spalling was often found on either side of the approach
joint of many of the pre-1983 repairs, which indicates the effectiveness of
the dowels in reducing differential vertical joint movement. A summary of
the spalling at repair locations is presented in Figure 71. The small
corner breaks often accompanying many of the clder repairs were also absent
from the post-1983 repairs.

The full-depth repairs placed from 1979 through 1985 have addressed the
joint spalling (due to "D" cracking) of the original pavement. However,
faulting of many of the repairs remains a problem. Much of this roughness
can be attributed to the older repairs, which have sustained more traffic
and did not have all of the design improvements later incorporated. The
lowest faulting seems to be at the 1984 repairs (only one 1983 repair was
surveyed), which contain dowel bars.

Of the four sets of full-depth repairs evaluated (1985, 1984, 1981, and
1979), the 1984 repairs are performing the best. The 1985 repairs are also
performing well, but exhibit slightly higher levels of faulting than the
1984 repairs. This difference in performance may be due to differences in
construction quality between the two years, since the repair designs are
practically identical.

Overall, this rehabilitation project is considered successful from the
standpoint that overall serviceability has been maintained. It is
difficult to determine the effectiveness of design improvements such as the
fabric interlayer, transverse drains, and the drainable base repair
material because reductions in distress during these years are so small
that they may be equally due to reductions in overall traffic carried by
the repairs. The only design improvement that seems to have a significant
effect was the inclusion of dowels beginning in the 1983 repairs.

Considering the current pavement condition and traffic levels, the
expected life of this pavement is approximately 3 to 6 years from the date
of survey (1.8 to 3.6 million ESALs). Thus major rehabilitation, in the
form of additional repairs and diamond grinding or a structural overlay, is
expected to be needed as early as 1988 or as late as 1991. The need for
rehabilitation will probably be triggered by increasing deterioration of
the pre-1983 repairs.

It is interesting to note the superior performance observed in the
second sample unit. This was a short section of approximately 2 miles
where an aggregate less susceptible to "D" cracking was used. The section
is exhibiting very little distress and is performing well under the same
traffic as the rest of the pavement, thus confirming that "D" cracking was
a major cause of deterioration in the rest of the project.

LAQ10151 - The original pavement was a 10-in [254 mm] JRCP with
58.5-ft [17.8 m] contraction joints and was constructed and opened to
traffic in 1971. Rehabilitation, in the form of full- and partial-depth
repairs, cement grout undersealing, load transfer restoration, diamond
grinding, joint resealing, crack repair, and longitudinal underdrains, was
performed in 1984 for demonstration purposes only; the pavement was pot in
actual need of CPR work. Four full-depth repairs were placed over the
1800-£ft [549 m] project in the outer lane only. The repairs were of length
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1984 REPAIRS

REPAIR WIDTH
/ /
L-92% | L=100% L-=100% | L-92% TRAFFIC
M=8% | M=0% M=0% | M=8%
H=0% H=0% H=0% H=0%
L-94% | L-100% L-94% | L=100%
M=6% | M=0% M=6% | M-0%
H=0% - H=0% H=0%
, H=0% TRAFFIC
/ 7
1981 REPAIRS
REPAIR WIDTH
/ /
L=71% | L=100% L=71% | L=71% TRAFFIC
M=29% | M=0% M=29% | M-20%
H=0% H=0% H-0% | H=0%
L-32% | L=89% L-74% | L=32% >
M-68% | M=11% M=21% | M-68%
H=0% H=0% H=5% H=0% ;TRAFFIC
/ /
1979 REPAIRS
REPAIR WIDTH
/ 4
L-0% L=0% L =100% | L=0%
M=100% | M=100% M=0% | M=100%
H=0% H=0% H=0% | H=0%
L-20% | L~20% L-80% | L=20%
M=80% | M=80% M=20% | M=80%
H=0% H=0% H = 0% H=0%
/ 7

NOTE: All undamaged joints and all joints with low severity spalling

were rated as

Figure 71.

low severity.
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6 ft [1.8 m] and used 1.125-in [29 mm] diemeter, 18-in [457 mm] long
dowels. They were laid out as follows:

Statjon Dowel Spacing Anchor Material
0+00 Unconventional Yes
0+58 Conventional Yes
1417 Conventional Yes
1475 Conventional No

Figure 72 gives the typical full-depth repair design, while Figure 73
illustrates the conventional and unconventional dowel spacings used. The
repalr joints were sawed and sealed with silicone after placement.

The following table summarizes faulting of the surveyed joints [1 in =

25.4 mm):
. REG CONT REP APP REP 1LV
outer inner outer inner outer inner
(ground)
Total Meeting
Acceptance 100% 100% 100% N/A 100% N/A
Criteria
Average Fault 0.06 0.05 0.03 N/A 0.06 N/A
ESALs Sustained
By Joint Type 10.0 2.0 1.4 N/A 1.4 N/A

(millions)

Faulting measurements were all well within acceptable limits, but there
is some difference in faulting of the repair joints. The following table
compares the faulting of the observed full-depth repairs [ 1 in = 25.4 mm]:

Repair Repair Visible
R .+ Desi A b Faul I Faul p .
Unconv-Epoxied 0.03 0.04 No
Conv-Epoxied 0.00 0.02 Yes~Low
Conv-Epoxied 0.01 0.07 Yes-High
_Conv-Unepoxied 0.07 0.09 No

Faulting of repair joints where the dowels were epoxied is similar to
that of the regular contraction joints that were ground in 1984. However,
the faulting of the one repair without epoxied dowels was larger than the
others. The full-depth repair with the "unconventional” dowel spacing and
epoxied dowels exhibited the same magnitude of faulting as those with the
conventional 12 in [305 mm] dowel spacing. It is interesting that the
conventionally spaced, epoxied dowel repairs displayed visible signs of
pumping, while the repair with the highest observed faults (conventional
unepoxied) did not.

Most of the full-depth repair joints are performing well. Joint widths
ranged from 0.6 in to 1.0 in [15 mm to 25 mm]. The sealant was still
intact and no incompressibles were present in the joint. Where spalling
was observed it was generally of low severity.
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Since the full-depth repairs were placed as a demonstration for this
CPR project, it is difficult to evaluate their success. Based on condition
and performance data, the repairs do not appear to have performed as well
as the original joints they replaced (the original joints exhibited no
distresses). Nevertheless, since the repairs were placed as part of an
experiment, the results obtained may outweigh reductions in performance.

Undersealing the full-depth repair areas would help stabilize the
repairs, especially the ones exhibiting pumping and the one with the
largest faulting (unconventionally spaced dowel bars).

This rehabilitation project is considered successful, due to the
overall performance of each rehabilitation technique. Nearly all of the
rehabilitation techniques are performing well after one year of service
(1.4 million ESAL"s), although the long-term performance of the
rehabilitation will provide a better indication of their effectiveness.

The expected life of this pavement is approximately six to eight years
from the CPR (9 to 13 million ESALs). Thus major rehabilitation, in the
form of additional repairs and/or an overlay, is not expected to be needed
until 1990 to 1992.

MI127 - The original pavement was a 9-in [229 mm] JRCP with 99-ft
[30-m] contraction joints and was constructed and opened to traffic in
1956. Pressure relief joints and full-depth repairs were installed in 1972
in the southbound lanes only. The northbound lanes served as a control
section. Additional full-depth repairs were not placed in the southbound
lanes again until 1979, whereas the northbound lanes had numerous
full-depth repairs installed from 1972 to 1979. The full-depth repairs
were both precast and cast in place (undowelled). Both designs used a 2-in
[51-mm] bituminous joint filler on each side of the repair. Figure 74
illustrates the full-depth repair design used on this project.

The following table summarizes faulting of the surveyed joints [l in =
25.4 mm]:

SB NB SB SB
REG CONT REG CONT REP APP REP LV
outer inner outer inner outer inner outer inner

Total Meeting
Acceptance 97%Z  100% 100% 100% 33% 100% 0% 33%

Criteria

Average Fault 0.05 0.04 0.11 0.07 0.20 0.13 0.51 0.24

ESALg Sustained
By Joint Type 5-0 0-7 5-0 0-7 2-8 0-4 2.8 2.4

(millions)

Only three full-depth repairs were surveyed: two cast-in-~place repairs
constructed in 1972 and one constructed in 1979. All of the surveyed
repairs (and most of the other repairs observed) are structurally adequate
but severely faulted, especially across the leave joint. The average
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measured repair faulting in the outer lane was 0.20 in [5.0 mm] for the
approach joint and 0.51 in [13 mm] for the leave joint. Medium-severity
pumping was also observed at the 1979 repair. No significant difference in
repair performance (i.e., faulting, spalling and slab cracking) was
detected between the 1972 and 1979 repairs.

The joint sealant of all three repairs was generally present, although
incompressibles were often present. Only one surveyed repair joint
exhibited significant spalling (medium severity). Most of the repair
joints had closed from their original 2-in [51 mm] width to 1 in [25 mm] or
less, and probably can accommodate some further expansion of the pavement.

The full-depth repairs were directed at joint spalling problems which
were probably caused by compressive stresses in the pavement. Since omnly
three full-depth repairs were surveyed (one constructed in 1979, two in
1972) and these were all cast-in-place, the performance of cast-in-place
repairs cannot be compared to that of the precast repairs. Furthermore,
the effects of time on repair performance cannot be analyzed for
statistical significance with only three repairs. However, some
observations can be made concerning the performance of the repairs
themselves and their effect on the original pavement.

Excessive faulting of the repair joints remains the major problem of
the repairs. It is apparent that a considerable amount water is entering
the pavement through the deteriorated cracks, granular shoulder and
unsealed transverse joints. There are no drains to remove this water and
the fine-grained subgrade retains the moisture well enough to produce
substantial pumping under relatively low traffic levels. The use of dowels
or other mechanical load transfer devices together with the installation of
drains to remove the moisture from the sand subbase would almost certainly
have improved the performance of these repairs.

It is also likely that the use of repair expansion joints in the
vicinity of the pressure relief joints contributed to excessive opening and
deterioration of the transverse cracks in the adjacent slabs. Since
compressive stress was probably relieved to some extent by the construction
of the repairs, it is likely that the relief joints were not necessary.

Overuse of slab and repair expansion joints has caused excessive
breakdown of the transverse cracks to the point where the rehabilitated
lanes now require more rehabilitation than the control lanes. In fact,
successful rehabilitation of the northbound (unrelieved) lanes would
probably be accomplished with full-depth joint repairs, installatiom of
subdrains and diamond grinding, while the southbound (relieved) lanes
require extensive slab and joint repairs, a structural overlay or complete
reconstruction.

Suggested improvements to the repair and relief joint designs include:
1. Provision of load transfer across all joints.

2. narrower expansion joints to prevent excessive movement of
adjacent joints and cracks.

3. Greater separation between relief joints and concurrently placed

full-depth repairs.
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RE080189 ~ The original pavement was a 9-in [230 mm] JRCP with
46 .5-ft [14.2 m] contraction joints, constructed and opened to traffic in
1965. Full-depth repairs without mechanical load transfer devices were
placed in 1981 at about 277 of the driving lane joints and 8% of the
passing lane joints to address spalls caused by the presence of reactive
aggregate. Some major cracks were also repaired. Additional repairs were
placed in 1985 to address further joint deterioration, but were not
included in the surveyed sample units. Pressure relief joints were also
placed on the project. Figure 75 gives the design of the 1981 full-depth
repairs.

The following table summarizes faulting of the surveyed joints [l in =
25.4 mm]:
REG CONT REP APP REP LV
outer 1inner  outer inner outer inner

[}
Total Meeting

Acceptance 100% 100% 100% 100% 73% 83%
Criteria

Average Fault 0.02 0.01 0.05 0.03 0.15 0.10
ESALs Sustained

By Jcint Type 12-0 2-5 300 0-7 3-0 007
(millions)

Faulting of the repairs is within acceptable limits, except for ome in
four of the repair leave joints. This table shows that the original
contraction joints have not faulted significantly under heavy traffic,
probably due to the excellent subgrade on which the highway was
constructed. The repair joints are displaying much higher faults (despite
having carried less traffic), which may be attributed to the lack of dowels
in the design. Several repair joint faults exceed 0.20 in [5.1 mm].
However, some of this faulting can probably be attributed to overfilling or
underfilling the repair). The data collected indicates a tendency toward
tilted and settled repairs.

In general, the full-depth repairs placed in 1982 are performing well.
Spalling is generally not a problem, but when it exists it is usually on
the original pavement side of the approach joint and of low severity.
Reactive aggregate distress was observed near the repair joints and was the
primary cause for any spalling located on the original pavement side of the
repairs. Occasionally, some of the joint sealant was also extruded,
probably due to poor sealing techniques.

Thirty percent of the repairs exhibited low-severity longitudinal slab
cracking (see Figure 76). This may be due to either a mechanism similar to
the edge punchout in CRCP, or to placement of the repairs in the morning,
after which the heat of the afternoon causes the original pavement slabs to
expand and crush the new repair. Longer repairs lengths, coupled with late
afternoon placement, might eliminate this problem.

One repair also exhibited transverse cracking, but this occurred on a
long repair. The use of reinforcement may have prevented this cracking.
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The full-depth repairs placed in 1981 were directed at joint spalling
of the original pavement due to the presence of reactive aggregate. This
repair technique successfully addressed the spalling problems, as few
spalls are present near the repair areas. The few spalls that were
observed were generally in the original pavement and are probably due to
expansion of the concrete due to the alkali-aggregate reaction. Correction
of the spalling probably significantly reduced the overall roughness of the
pavement. Faulting of the pavement remains a problem, however. An
effective mechanical load transfer system might have reduced faulting and
settlement of repairs that occurred during periods of slab contraction.
Because of the continued deterioration of the unrepaired joints (due to
reactive aggregate), additional repairs were scheduled for July, 1985.

Overall, this rehabilitation project is considered successful due to
the performance of the full-depth repairs. Most of the joints in both
lanes are smooth, and spalling is not a concern.

The expected life of this pavement is approximately six to nine years
from the time of installation of the full-depth repairs (6 to 9 million
ESALs). Major rehabilitation, in the form of additional repairs and/or an
overlay, is expected to be needed as early as 1987 or as late as 1990.

The major problem on this project is the presence of reactive
aggregate, which is the primary cause of the joint spalling. There is
little that can be done now to deal with this problem directly, other than
installing full- and partial-depth repairs when needed.

NE080210 - The original pavement was a 9-in [230 mm] JRCP with
46.5-ft [14.2 m] contraction joints and was comstructed and opened to
traffic in 1964. Full-depth repairs without mechanical load transfer
devices were placed in 1979 at about 86% of the driving lane joints and 88%
of the passing lane joints to address spalls caused by the presence of
reactive aggregate. A few repairs were also placed at major cracks.
Pressure relief joints were also placed on the project. Figure 75 gives
the typical full-depth repair design on this project.

The following table summarizes faulting of the surveyed joints [l in =

25.4 mm]:
REG CONT REP APP REP LV

outer inner outer inner outer inner

Total Meeting

Acceptance 100% 100% 98% 99% 817 90%
Criteria

Average Fault 0.03 0.02 0.06 0.13 0.12 0.08
ESALs Sustained

By Joint Type 1400 1 -0 6.2 005 602 005
{(millions)

The original contraction joints have not faulted significantly under
the heavy traffic, probably due to the excellent subgrade present. The
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repalr joints are displaying much higher faults (despite having carried
less traffic), which may be attributed to the lack of dowels in the
design. Faulting measurements are generally within acceptable limits,
although typical repair joints were 4 to 6 times rougher than the original
contraction joints. Most of the repairs are either raised (constructed
high) or are tilted (as one would expect if pumping was taking place)
relative to the rest of the pavement. Pumping was observed as a stain on
the shoulder near several of the full-depth repairs.

Nearly half of the repairs surveyed exhibited low- and medium-severity
longitudinal cracking (see Figure 77). These cracks nearly always occurred
at the center of the lane and may be caused either by a mechanism similar
to the development of edge punchouts in CRCP, or placement of the repairs
in the morning such that the heat of the afterncon caused the original
concrete slabs to expand and crush the newly placed repair. Longer repair
lengths, coupled with late afternoon placement, may eliminate this problem.

Reactive aggregate distress was observed in the original pavement near
the repair joints and was the primary cause for any spalling on the
original pavement side of the repairs. It was not found within the repairs
themselves.

Over half of the transverse contraction joint associated with the
full-depth repairs are performing adequately. Joint widths averaged
0.21 in [5.3 mm]. 1In some cases, the joint sealant had extruded, probably
due to poor sealing techniques.

The full-depth repairs placed in 1979 were directed at joint spalling
of the original pavement due to the presence of reactive aggregate. This
repair technique successfully addressed the spalling problems at the joint,
but subsequently new spalls have developed on the approach and leave sides
of the repairs. The repairs themselves have little, if any, spalling.

The use of dowel bars in the design and proper sealing of the
transverse repair joints might have improved the performance of the
repairs. The use of dowels alone might have held faulting of the repair
