Joint and Crack Sealing and
Repair for Concrete
Pavements




Purpose

This publication describes the philosophy of concrete
pavement joint sealing and outlines the necessary
steps in sealing and resealing joints. Recommendations
apply to currently acceptable sealant materials for use
in roadway and airport facilities. Also described are
available methods for crack repair and load transfer
restoration of pavement joints.

Introduction

The purpose of joint sealant is to minimize infiltration of
surface water and incompressible material into the joint
system (1,2,3). Sealants also reduce dowel bar corro-
sion potential by reducing entrance of de-icing
chemicals. Pavement engineers have recognized the
need for concrete pavement joint sealants for many
years. Sealant use dates back to the early 1900's (4,5).
Today, nearly every agency building and maintaining
concrete roadways or airports requires joint sealing.

Basic Considerations - Water can contribute to
subgrade or subbase softening, erosion and pumping
of subgrade or subbase fines. This degradation results
in loss of structural support, pavement settlement
and/or faulting (3,6,7,8). Unfortunately it is not practical
to construct and continually maintain a completely
watertight pavement. Therefore engineers use joint
seals to minimize passage of surface water through
joints.

Sealing prevents incompressibles from entering joint
reservoirs. Incompressibles contribute to spalling and in
extreme cases may induce “blow-ups” (9). In either
case excessive pressure along the joint faces results
as incompressibles obstruct pavement expansion in
hot weather. Years ago, the term “joint fillers” de-
scribed materials placed in joints (10). These materials
aided more in keeping out incompressibles than
minimizing water infiltration.

Many factors play a role in joint and sealant design.
Sealant material selection considers: 1) environment, 2)
life-cycle cost, 3) performance, 4) joint type, and 5)
joint spacing (2,3,4,11,12).

Required sealant characteristics differ for different joint
types (1). A sealant for a longitudinal joint does not
need to be as elastic as one for a transverse joint. This
is because tied joints, like those separating longitudinal
lanes and shoulders, undergo virtually no movement.
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Transverse joints in long-panel reinforced pavements
open wide when air and pavement temperatures are
cool. Transverse contraction joints of short panels [<20
ft (6 m)] undergo similar but smaller movements.
These movements induce larger states of stress and
strain within a sealant than typically found in a
longitudinal joint. The sealant must be capable of
handling these states in order to perform over the
range of expected joint movement.

Reservoir dimensioning is a significant aspect of
sealant design and performance. Reservoir dimensions
are set to help the sealant material withstand joint
opening and closure movements. An improperly
dimensioned reservoir will not allow the maximum per-
formance from any sealant.

The most critical aspect in sealant performance is
reservoir preparation. A considerable investment in
joint preparation and cleaning activities is necessary for
almost all sealant types. There is little doubt that poorly
designed and/or constructed joint sealants will perform
poorly.

Some pavement design factors also influence sealant
performance despite installation quality. Under high
traffic conditions and poor drainage design even fradi-
tionally non-erodible base materials can cavitate.
Mechanical load transfer and positive pavement struc-
ture drainage reduce potential for pumping and joint
faulting. Sealants can be damaged by these problems.
Slab size design is also critical to negate the impacts
of temperature curling and moisture warping.

Use of expansion or pressure-relief joints in concrete
pavement may negate the effectiveness of any sealant.
In the past, designers placed transverse expansion
joints to relieve compressive forces in the pavement
and limit blow-ups. However, in many cases the ex-
pansion joints allowed too much opening of adjacent
transverse contraction joints which led to loss of ag-
gregate interlock and sealant damage (1). By
eliminating unnecessary expansion joints, contraction
joints will remain tight and provide good load transfer
and effective seals.

Necessity —

Debate on the need for joint sealing has raged for
many years. The basis for debate hinges on the ef-
fectiveness of joint sealants. Widespread belief is that
sealing prolongs pavement life by providing protec-



tion. This has been substantiated in many field
studies (12,13,14,15,16,17,18). However, there have
also been studies which show a negligible or even
negative impact of joint sealing (19,20,21).

Water is definitely a contributor to pavement distress.
For many years, concrete pavement designs included
relatively impermeable materials surrounding the pave-
ment layers. These “bathtub” pavement sections were
particularly prone to moisture-related problems
(8,12,22). The need to minimize water infiltration in
these pavements focused increased attention to joint
sealing.

To maximize pavement performance the designer must
provide a means to control water. Limiting the amount
of water that can get to the base and subgrade layers
is one key element. Providing a system to efficiently
remove water from within the pavement layers is
another key. The pavement surface is just one of five
points of water entry into a pavement and subgrade
(Figure 1) (3). Water present in the soil can migrate to
critical locations in a pavement through capillary action
and water vapor from the water table. Water may also
come from the edge of shoulders, from poorly de-
signed or maintained ditches and from natural high-
ground runoff. However, surface water is typically the
largest source and has the greatest impact on the
pavement system.

Justifiably, much attention is paid to sealant effec-
tiveness because joints are controllable access points
for surface water. In the past, some engineers thought
sealing was not cost-effective because of poor perfor-
mance of the most common materials (13). Improve-
ments over the past 30 years have produced effective
sealing materials and procedures. Correct sealant
application and maintenance can minimize water
damage and increase pavement longevity (17,23).

Recently permeable bases have grown more pop-
ular as a means to control water in a pavement
system (8). Permeable bases use a uniform grada-
tion which leaves many voids for water passage.
Under a pavement, water flows quickly through a
permeable base to an edge drain system. The
drainage system carries water away from the subgrade
to ditches or storm sewer pipes. Many agencies are
also successful installing edge drain systems along
existing concrete pavement. These outlet systems
require frequent maintenance for satisfactory long-term
performance.

Joint sealing is still recommended, even on
pavements supported by permeable base layers.
Some agencies have hypothesized that a permeable
base may make sealing unnecessary by negating the
need for surface water control. Although this seems
logical and some successful field experiments support
the idea, significant substantiation is not yet available.
An engineer should also consider the impact of
incompressibles on the decision to omit joint sealing.
Incompressibles that get into open joint reservoirs
can cause spalling upon joint closure. This is less likely
on slabs less than 20 ft. (6.1 m), because the closure
is quite small. However, studies show sealing re-
duces joint spalling even on short-panel pavements
(Figure 2) (17).
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Figure 1 Avenues for water infiltration into a pavement system (3).

Figure 2 Transverse joint spalling developed on short panel
pavements with and without sealants. Note that the joints
were sealed only once at initial construction - maintenance
of joint seals would have decreased the development of

spalling in joints sealed with hot-pour (17).



Materials

There are many acceptable materials available for seal-
ing joints in concrete pavements. Sealants are either
liquid or preformed. Liquid sealants depend on long-
term adhesion to the joint face for successful sealing.
Preformed compression seals depend on lateral
rebound for long-term success. Table 1 gives descrip-
tions and specifications of the available materials (1).

While many agencies specify single-component cold-
pour sealants, there are no standard national specifica-
tions for these materials. Each agency must either use
the manufacturer's recommendations or develop its
own specification.

Sealant properties necessary for long-term performance
depend on the specific application and the climatic
environment of the installation. Properties to consider
include:

e FElasticity: The ability of a sealant to return to its
original size when stretched or compressed.

e Modulus: The change in internal stresses in a
sealant while being stretched and compressed
over a range of temperatures (stiffness of
material). A low modulus is desirable and is
particularly important in cold weather climates.

e Adhesion: The ability of a sealant to adhere to
concrete. Initial adhesion and long-term adhesion
are equally important. (Not applicable to com-
pression seals.)

e Cohesion: Ability of a sealant to resist tearing
from tensile streSses. (Not applicable to compres-
sion seals.)

e Compatibility: Relative reaction of the sealant to
materials which it contacts (such as backer rods
and other sealants).

e Weatherability: Ability of a sealant to resist
deterioration when exposed to the elements
(primarily ultra violet sun rays and ozone).

¢ Jet Fuel Resistance: Ability of a sealant to resist
degradation in contact with jet fuel. Some material
swelling may occur in contact with jet fuel. Upon
evaporation the sealant material must return to
original shape and maintain adherence to the
reservoir walls.

Specifiers and contractors should always contact the
sealant manufacturer and read product literature for
warnings of safety and environmental hazards. Project
leaders should thoroughly explain potential health
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hazards to all project personnel. This ensures that in-
spectors and contractor personnel are aware of any

possible hazards before handling a product. Agency
designers should also consider the costs of handling
and disposing of environmentally hazardous materials
in life-cycle cost analysis.

Hot Pour Liquid —

Hot-pour liquid sealants were the first type used for
concrete pavement. They have evolved over many
years of research and development. Manufacturers
have improved their adhesive qualities and now pro-
vide low-modulus materials with better elasticity.

The materials require heating temperatures usually
from 350 - 400°F (177 - 204°C) for proper applica-
tion. Most manufactures require melting the material
in a double boiler. The inside melting vat is sur-
rounded by a vat of oil. An agitator in the melting vat
helps distribute the heat evenly. Both contractor and
agency personnel should ensure that the material is
prepared at recommended temperatures. Accurate
temperature control is important for desired sealant
properties (3). Insulated hoses and applicator wands
help make sure that the sealant does not lose
temperature between the boiler and ejection nozzle.

Some hot-pour sealants contain poly-vinyl chloride
(PVC) plastic with coal tar. These sealants are ex-
tremely tacky and most are resistant to jet fuel. The
PVC coal tar sealants require heating to only about
250°F (120°C) for installation. Polymer (PVC) liquid
sealants require a special application nozzle that
mixes two-components during application.

Silicone —

Silicone sealants are a field-poured liquid with a base
ingredient of silicone polymer. Agencies began using
these materials in the 1970's (24). Installation pro-
cedures are similar to those for hot-pour materials.
Silicone sealants come prepackaged and ready for
immediate application. Most manufacturers recom-
mend storing the containers out of the weather until
use.

The silicone material is a single component which re-
quires no mixing or heating. The material cures when
exposed to the atmosphere during application.
Moisture in the air helps the sealant cure to attain its
final properties. However, manufacturers caution not



Table 1. Descriptions and Specifications for Common Sealing Materials (1).

Sealant Type Specification(s) Properties
Hot-Pour Joint Sealant Materials

Polymeric Asphalt Based ASTM D3405 Self-leveling
ASTM D1190 Self-leveling
AASHTO MO173 Self-leveling
S-S-1401 C Self-leveling

Polymeric Low Modulus ASTM D3405
Mod. Self-leveling

Elastomeric PVC Coal Tar ASTM D3406 Self-leveling
SS-S-1614 Self-leveling

Elastic ASTM D1854 Jet Fuel Resistant

Elastomeric PVC Coal Tar ASTM D3569 Jet Fuel Resistant
ASTM D3581 Jet Fuel Resistant

Cold-Pour Single-Component Sealant Materials

Silicone N.A.
Silicone N.A.
Silicone N.A.
Nitrile Rubber Sealant N.A.
Polysulfide N.A.
Polymeric Low Modulus N.A.

Non-sag, toolable, low modulus
Self-leveling (no tooling), low modulus
Self-leveling (no tooling), ultra-low modulus
Self-leveling (toolable), non-sag
Self-leveling (no tooling), low modulus

Self-leveling (no tooling), low modulus

Cold-Pour Two-Component Sealant Materials

Elastomeric Polymer S8-5-200

Jet Fuel Resistant

Preformed Polychloroprene Elastomeric (Compression Seals)

Preformed Compression Seals ASTM D2628
Lubricant
Adhesive

Jet Fuel Resistant

ASTM D2835

Preformed Expansion Joint Filler

Preformed Filler Material ASTM D1751
AASHTO M213

Preformed Filler Material ASTM D1752
AASHTO M153

Preformed Filler Material ASTM D994

AASHTO M33

Bituminous, non-extruding, resilient

Sponge Rubber, Cork

Bituminous




to apply the sealant during rain, frost, or tempera-
tures below the dew point.

Silicone sealants are suitable in climates with wide
temperature ranges. Most develop a low elastic
modulus which allows good extension and compres-
sion recovery. Typical low modulus silicones can
undergo at least 100 percent extension and 50 per-
cent compression without detriment. Table 2 pro-
vides distinction between the modulus levels of dif-
ferent liquid silicone sealants (25).

Silicones require about 30 minutes curing time before
opening to traffic and developing sufficient adhesion.
However, the amount of time may differ depending
on the manufacturer and environmental conditions.
Contact a manufacturer’s representative for consulta-
tion on curing time needed for particular installation
procedures and applications.

Preformed Compression
Seals —

Manufacturers introduced compression seals in the
early 1960's. They differ from liquid sealants because
they are manufactured ready for installation. Com-
pression seals do not require field heating, mixing or
curing.

Unlike liguid sealants, which experience both com-
pression and tension, preformed compression seals
are in compression throughout their life. Therefore
their success depends solely on the lateral pressure
exerted by the seal.

Table 2. Typical modulus levels of silicone

sealant classifications (24).

Force Required

Modulus For 150% Ultimate

Classification Elongation Elongation

High >100 psi <500%
(0.69 MPa)

Medium 40-100 psi 500-1200%
(0.28-0.69 MPa)

Low <40 psi >1200%
(0.28 MPa)

The principle compound in compression seals is
neoprene. Neoprene is a synthetic rubber which pro-
vides excellent rebound pressure under compres-
sion. The seals consist of a series of webs. The webs
provide the outward force which holds the sealant
against the reservoir walls.

If a compression seal is undersized, joint opening
may become too wide at low temperatures. The seal
will lose contact with the reservoir walls and loosen.
Also expansion/isolation joints in the pavement may
allow any contraction joints within about 100 ft (30 m)
to open too wide. Careful consideration of these fac-
tors is essential when sizing compression seals.

Manufacturers provide seals of various nominal
widths and depths. The appropriate sealant width is
greater than the maximum (coldest weather) joint
reservoir width. This is about twice the width of the
reservoir. The reservoir depth must exceed the depth
of the compressed seal, but does not relate directly
to the width of the reservoir. Good performance
results when the seal remains compressed at a level
between 20 and 50%. Table 3 provides typical com-
pression seal dimensions for standard joint widths
and slab lengths (26). Final seal size selection must
also consider placement temperature.

Backer Rods —

Backer rods are an important component for liquid
sealant installation. Backer rods prevent sealant from
flowing out of the bottom of a joint and adhering to
the reservoir bottom. The backer rod also helps

Table 3. Sizing recommendations for

preformed compression seals (26).

Minimum Minimum Relaxed
Joint Reservoir Reservoir Seal
Spacing Width Depth Width
[ft (m)] [in (mm)] [in (mm)] [in (mm]]
15 (4.6) 1/4 (6) 1-1/2 (38)  7/16 (11)
20 (6.1)  5/16 (8) 1-1/2 (38)  5/8 (16)
25 (7.6) 3/8 (10) 2 (50) 11/16 (17)
30 (9.1) 1/2 (13) 2 (50) 1 (25)




define the shape factor and optimize the quantity of
sealant used.

There are no national specifications for backer rods;
however, important considerations for various
materials include:

8 Polyethylene Foam: Polyethylene foam is a
closed-cell foam that does not absorb water and
is moderately compressible. It is better suited
for cold-pour sealants since it may melt in con-
tact with hot-pour materials.

& Crosslinked Polyethylene Foam: Crosslinked
polyethylene foam is a closed-cell foam that is
compatible with hot-pour sealants. It will not
absorb water and is moderately compressible.

¢ Polyurethane Foam: This open-cell foam
absorbs water, but does not melt when used
with hot-pour materials. It is very compressible,
and commonly used with hot-pour sealants.

Backer rod size depends on the joint or crack reser-
voir width. Backer rods are compressed about 25
percent to assure they stay at the desired depth in
reservoir. Table 4 provides the proper size for dif-
ferent joint widths.

Backer rods also act as a bond breaker to prevent
adhesion to the reservoir bottom. The stresses within
the sealant material increase if bond develops along
the base of the sealant (2,4) Adhesion loss results
because the sealant is constrained from neck down
at the reservoir bottom during joint opening.

Reservoir Design

Reservoir sizing is done to permit the sealant to func-
tion properly. The first step is selecting a sealant which
meets performance and cost criteria for the pavement.
This includes consideration of the potential need to
reseal the pavement in the future. It is critical that the
reservoir is not too wide to inhibit future resealing.
Ideally the initial reservoir width should not exceed 3/8
in. (10 mm) for liquid sealants. Initial width for pre-
formed compression seals depends on other design
factors.

Expectations of sealant performance and potential
resealing need are often neglected. A table or manual
which details the year(s) for the expected resealing
provides a needed programming tool. It also provides
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lable 4. Sizing recommendations for

backer rods (26).

Backer Rod

Reservoir Width Diameter

1/8 in. (3 mm) 1/4 in. (6 mm)
3/16 in. (5 mm) 1/4 in. (6 mm)
1/4 in. (6 mm) 3/8 in. (8 mm)
5/16 in. (8 mm) 3/8in. (10 mm)
3/8 in. (10 mm) 1/2in. (13 mm)
1/2 in. (13 mm) 5/8 in. (16 mm)
5/8 in. (16 mm) 3/4 in. (19 mm)
34 in. (19 mm) 7/8 in. (22 mm)
7/8 in. (22 mm) 1in. (25 mm)
1in. (25 mm) 1-1/4 in. (32 mm)
1-1/4 in. (32 mm) 1-1/2 in. (38 mm)
1-1/2 in. (38 mm) 2in. (50 mm)

an operation plan for optimizing pavement perfor-
mance. Such a table is an excellent tool to provide in
the original pavement design documents and the
pavement management system. It becomes the
“Operation and Maintenance Plan” for the pavement.
Designers are encouraged to develop and submit this
type of plan to the maintenance and programming
departments.

Joint Type & Movement —

The sealant must be capable of accommodating the
anticipated joint opening and closing due to
temperature changes. Figure 3 provides a pavement

B < 13s'F (59°C)
O 140 - 159°F (0°c - 70°c)
> 160°F (71°C)

Figure 3 Pavement temperature differential map for the continen-
tal United States (27). Indicates the difference between the
maximum concrete temperature at placement minus the

minimum ambient temperature in January.




temperature differential map for the continental

United States (27). The map provides statewide Table 5. Typical Values for PCC Coefficient

averages for the worst case difference between max- of Thermal Expansion (a) (1,2).

imum concrete temperature at placement and

minimum yearly ambient temperature. It is useful in PCC Coeff. of

estimating maximum joint movement where more ex- Type of Coarse Thermal Expansion

act figures are not available. Aggregate (x 10 /degree)

Most sealant manufacturers recommend calculation = °C

of joint movement at transverse joints for proper

dimensioning. Joint movement estimates are made Quartz 6.6 1.9

with the following equation (1,2,3): Sandstone 6.5 i 4
Gravel 6.0 10.8

AL=CL (¢ AT +¢) Granite 5.3 9.5
Basalt 4.8 8.6

where: Limestone 38 6.8

AL = the expected change in slab length, in. (mm)

C = the subbase/slab frictional restraint factor
(0.85 for stabilized material, 0.80 for granular

material). Table 6. Typical Values for PCC Coefficient
L = the slab length, in. {mm). of Shrinkage (€) (1,2).
o = the PCC Coefficient of Thermal Expansion
(see Table 5). Indirect Tensile PCC Coefficient of
AT = the maximum temperature range (generally Strength Shrinkage (strain)
the maximum concrete temperature at
placement minus the minimum ambient <300 psi (2.07 MPa) 0.0008
temperature in January, °F (°C). 400 psi (2.76 MPa) 0.0006
¢ = the shrinkage coefficient of the concrete 500 psi  (3.45 MPa) 0.00045
(see Table 6). Note: this factor should be 600 psi (4.14 MPa) 0.0003
eliminated on resealing projects, where >700 psi (4.83 MPa) 0.0002
shrinkage is no longer a factor).
It is important to remember that there is almost no
movement of tied longitudinal and shoulder joints. "
Tiebars which hold these joints tight will not allow the [Dunsealed 52.1
movement calculated from the formula. Therefore 50| | M geated sl T

these joints may not require the same material as
might be determined based on the calculated move-
ment range. Opening ranges determined from the
formula for doweled or undoweled transverse con-
traction joints will reflect actual field movements.
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of even excellent transverse joint seals. Figure 4 longitudinal joints (3).



shows the dramatic reduction in water outflow from a
pavement drainage system with good longitudinal
seals.

Liquid Sealant Reservoir (Shape Factor) -
The shape factor is the ratio of depth to width of a
field poured liquid sealant. The saw cut width and
insertion depth of the backer rod define the sealant
shape. The shape factor is critical to long-term suc-
cess of liquid sealants. The cross section of a joint
sealant changes during the expansion and contrac-
tion of the concrete pavement. The movement
induces strains within the sealant and stress along
the sealant/reservoir bond line. These material
responses become excessive if the shape factor is
not appropriate for the sealant material.

Different liquid sealant materials can withstand dif-
ferent levels of strain. Strain on the extreme sealant
fiber depends on the amount of sealant elongation
(joint opening) and the shape factor (Figure 5). Most
hot-pour liquids can withstand about 20 percent
strain of their original width (3). Silicones and some
other low-modulus materials can undergo up to 100
percent strain. However, manufacturers recommend
designing for total strains of no more than 50 percent
and ideally only 25 percent.

Figure 6 shows ideal shape factors for liquid
sealants. A shape factor equal or below one induces
lower stresses on the joint sealant than a shape fac-
tor greater than one. The lower or reduced internal

Shape Factor = 2 Max. Strain = 94%

Sealant
4 T Concrete

P
x

Extreme Fiber

Shape Factor = 1 Max. Strain = 62%

] B

Shape Factor = 1/2 Max. Strain = 32%
i B n__ B
—

2x
This figure illustrates the effect of sealant
shape. It does not depict proper installation
with backer rod.

]

—

Figure 5
fors (43).

Strain on the extreme sealant fiber for different shape fac-

stresses resulting from proper shape factors minimize
adhesive or cohesive loss.

Shape factor design should include recessing the
sealant from 1/4 - 3/8 in. (6 - 10 mm). This is impor-
tant to avoid extrusion problems. Extrusion occurs
where joint closure squeezes the seal material up
through the reservoir exposing it to traffic.

Preformed Sealant
Reservoir —

To size a preformed compression seal requires con-
sideration of pavement temperature at installation
and joint movement range (29). The compression
seal must work within the compression range
(typically 20 - 50 percent).

The first step is to calculate the total range of joint
movement using the formula previously discussed.
The second step is to select a compression seal with
an allowable movement less than or equal to the
calculated movement range. If the range exceeds

Width

’<_>| 1/4 to 3/8 in.

Depth
Sealant
Backer Rod
_ Depth
Shape Factor = Width
Liquid Typical
Sealant Type Shape Factor
Hot-Pour 1.0
Silicone 0.5

Figure 6 Typical shape factors for liquid sealants (1).



that allowable for the seal than a larger seal must be
chosen. Consideration can also be given to decrease
the joint spacing on the project.

The final step is to select a reservoir (saw cut) width
to meet seal size, movement range and installation
temperature criteria (29). (Only a rough estimate of
the pavement temperature is necessary.)
Temperature is important so the seal will operate in
the 20 - 50 percent compression range. Warmer in-
stallation temperatures require more seal compres-
sion at installation. Cooler installation temperatures
require less seal compression because the joints are
at least partially open.

The following equation calculates saw cut width (29):

Sc=(1-Pc) * w

where:
Sc= Joint saw cut width.
w= Width of the uncompressed seal.
Pc= Percent compression of seal at in-
stallation (expressed as a decimal).
- - it Install. Temp. —Min. Temp. * (Gmax—Crir)

Max. Temp. —Min. Temp.
Cmin= Minimum recommended compression
of seal expressed as a decimal
(usually 0.2).
Cmax = Maximum recommended compression
of seal expressed as a decimal
(usually 0.5).

Of course the actual installation temperature cannot
be accurately known during the design process.
Therefore designers should calculate sizing for
various potential installation scenarios (hot, moderate,
cool). The designers should also examine the in-
fluence of other design factors on seal sizing re-
quirements. In particular, joint spacing significantly ef-
fects total joint movement. Selecting a seal one or
two sizes over that required from the calculations can
also provide a factor of safety for installation condi-
tions (29).

Evaluation of Existing
Sealants

Sealant evaluation usually requires examining three
areas: the bonding conditions, the presence of incom-
pressibles and the condition of the adjacent concrete.
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Many agencies evaluate sealant as either good or
bad, with no middle ground. A problem in any one of
the three areas is considered failure of the sealant
without regard to overall performance (30).

Distress —

Distress is a more appropriate depiction of the
sealant and spall-related problems that occur. A pro-
blem may exist in some guantity, but not to such an
extent as to consider the joint or sealant failed.
Sealant perfection is not a realistic goal and sealant
failure is more accurately determined from ac-
cumulated sealant distress. Accumulated distress
limits effectiveness and may initiate pumping,
faulting, spalling, etc.

Sealant distresses include:

8 Adhesion loss: the loss of bond between the
sealant material and the concrete joint face.
Adhesion loss is noted by the physical separa-
tion of the sealant from either or both joint
faces.

8 Cohesion loss: the loss of internal bond within
the sealant material. A noticeable tear along the
surface and through the depth of the sealant is
evidence of cohesion loss.

e Oxidation/Hardening: the degradation of the
sealant as a result of natural aging, long-term
exposure to oxygen, ozone, ultra-violet radiation
and/or the embedment of incompressibles into
the sealant material (10). Oxidation/hardening is
noted by a crusted surface and the loss of flex-
ibility. The crust or hardening often extends
through the entire width and depth of the
material. The sealant may be cracked into small
segments and missing from the reservoir.
Embedded incompressibles produce similar
degradation characteristics.

Investigation for spalling of the surrounding concrete
is also a necessary in sealant evaluation. Spalling
typically arises when material enters the joint during
cooler temperatures (3,6). When adjacent slabs ex-
pand at higher temperatures, incompressibles inhibit
expansive movement that normally results in joint
closure. This induces high compressive stresses
along the joint face and may break or chip the con-
crete. Other material that can prohibit joint closure
includes dried residue from sawing or patching
operations. Small spalls are termed sliver spalls. The



width of sliver spalling is typically from 1/8 - 1/4 in.
(3 -13 mm) (Figure 7).

Incompressible infiltration results from either spall or
sealant-related problems and is not considered a
distress mode. The presence of incompressibles
indicates other problems. In certain instances the
presence of incompressibles can contribute to
sealant failure through the working action of traffic.
Sealant hardening through incompressible embed-
ment is a good example. Incompressible rating
criteria are (31):

8 None: No incompressibles are present. Minimal:
Some incompressibles are present, but their
presence does not appear to affect the joint or
sealant performance.

8 Moderate: Incompressibles are present and
may be contributing to sealant distress and/or
spalling exhibited along the joint.

8 Extensive: Many incompressibles are present in
the joint. Judgement is that they are contribut-
ing to significant sealant distress, loss of
sealant, and/or joint spalling.

Sealant Condition Survey—

Resealing is necessary when sealant distress affects
average sealant condition and results in significant
water and incompressible infiltration. The basis of this
determination is typically engineering judgement.
Consequently, the importance of scheduled reviews
by agency personnel to monitor sealant condition
cannot be overemphasized (11,12).

Sliver Spalls Along Classic Compression

Reservoir Face Spalling
—} #1810 1/4in.
Adhesion by Incompressibles

Sealant Holds
Spalled Concrete

Cause Compression
Failure Upon Joint
Closure

Figure 7 Minor spalling found on some sealant installations is much
smaller than classic spalling and not considered large

enough to affect the performance of the pavement.

An agency may also employ a rational rating system.
A system bases the decision to reseal on an average
rating of a representative number of joints (32). A
survey crew must rate the joints for sealant distress,
joint spalling and incompressible presence.

Sealant surveys should consist of basic distress data
collection, with concentration at the joints. The crew
should take measurements of joint faulting and joint
width. The system should require visual and physical
examination of the joint and sealant.

Adhesion loss is the most common distress
(12,19,21,31). A dull knife blade or thin metal strip
provides an excellent tool for checking sealant
adherence (Figure 8) (24,31). Four to five penetra-
tions of the knife at random locations along each
joint provides a good sample. The feel of the
penetration provides a sense of the sealant adhesion.
A loose, effortless penetration indicates adhesion
loss, while good adhesion provides resistance. Fur-
ther examination of the knife blade may identify the
presence of incompressibles or dust along the joint
walls and below the sealant.

Rating cohesion loss and the presence of incom-
pressibles requires visual examination only. On occa-
sion some knife penetration may be necessary to
check the depth of cohesion separations seen on the
sealant surface.

The surveyors must also check the material for signs
of hardening. A sample of the hardened material ex-
tracted from the joint can identify the cause. Harden-
ing may be a result of oxidation or incompressibles
embedded in the material.

Twist

Knife Blade

: ._ : Sealant —

Figure 8 Checking for sealant adherence with a dull knife blade or

thin metal strip (24).
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The presence of incompressibles may sometimes be
difficult to assess because some agencies sand road-
ways for snowy conditions. Road sand mixtures
spread across a pavement collect in the joints. A
broom may be needed to remove incompressibles in
order to view the sealant. This is especially true
where seals are properly recessed. Under these con-
ditions, incompressible evaluation requires judgement
and should not be influenced by the presence of
traction control sand.

The crew should record the presence of spalling for
the entire length of each joint. Evaluating spall sever-
ity and considering patching needs are important
aspects in this effort. Notes of joints needing patch-
ing are also important in the final assessment of the
pavement condition. Reference 33 provides good
guidance to determine the severity of typical spalls.

Be careful in noting sliver spall presence. On occa-
sion popouts have been mistaken for the tiny spalls.
Usually the sealant will remain in the joint despite
sliver spalling. This makes evaluating the sealant/joint
condition difficult. It requires good judgement to
determine if these tiny spalls are effecting pavement
condition.

Evaluation of a representative number of joints is
necessary to accurately characterize the degree of
sealant degradation. Table 7 provides random and
area samples needed for statistical significance in a
sealant/joint survey (34). The average sealant condi-
tion from the surveyed joints provides a trigger for
resealing necessity.

The length of deterioration defines the severity level
of deterioration along each joint (33). A low severity
exists if less than 25 percent of the length of any
joint seal is damaged. A moderate condition exists
with 25 - 50 percent damage. Above 50 percent
damaged is considered high severity.

An unexpected increase in joint faulting or spalling
may also identify a project in need of sealant
replacement. Periodic faulting measurement allows a
histogram of joint faulting and/or spalling to convey
such changes. An increased faulting rate may be
due to the presence of more water or incom-
pressibles from poor joint seals. (Although this iden-
tification is effective, it is often made too late after
distress inhibits service life.)

Some sealants may remain tight in the reservoir, but
still lose adhesion to the side walls (31). Many
surveyors would call this failure of the sealant.
However, assessment of the joint can often show that
little damage is occurring as a result of the bond
loss. The incompressibles rating is a good indicator
under this situation. Where the rating is minimal to
moderate, the sealant is likely still performing
satisfactorily.

Researchers in Kansas use a vacuum tester to check
seal tightness. They spread a soapy solution on the
joint to identify leaks under vacuum. They measure
the pressure developed within the tester housing to
indicate seal effectiveness. The equipment develops
a pressure of 27 in (69 cm) water at no air flow (full
seal) and 10 in (25 cm) water at free air flow (no

7. Random and area evaluation samples needed for statistical significance in

sealant/joint survey (34).

Joint Spacing Measurement
[ft (m)] Interval
<12 (£8.7) every 9th joint

12-15 (3.7-4.6)
15-20 (4.6-6.1)
20-30 (6.1-9.1)
30+ (9.1+)

* Surveyors should select an area (sample unit) that represents the average condition of the pavement in question.

every 7th joint
every 5th joint
every 4th joint
every 4th joint

Number of Joints Area
+85/mi  (+50/km) 20%*
85-70/mi (50-43/km) 20%*
70-50/mi (43-33/km) 209%™
50-35/mi (33-22/km) 20%*
35/mi (22/km) 20%"*
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seal). Figure 9 shows the average results on different
sealants one year after installation (35). Although
some sealants have less leakage than others, none
provides a complete seal.

Performance —

Hot-pour Liquid - A typical hot-pour sealant pro-
vides on average from 3-5 years life after proper in-
stallation (17,31). One report discusses good observ-
ed performance of low-modulus or PVC coal-tar bas-
ed products past 8 years (31). Unfortunately, overall
hot-pour sealant performance has been inconsistent.
The most noted problems are adhesion or cohesion
loss, and inconsistent field properties.

Cohesion loss is not unusual in narrow and deep
joints. Many agencies provide a single reservoir cut
to 1/3 or 1/4 the slab depth. The agency specifies
pouring a hot-pour sealant directly into the saw cut.
The single cut is difficult to clean and the shape fac-
tor (ratio of depth to width) can approach 25. Cohe-
sion loss is not unusual in these situations. At early
ages, tensile stresses from joint opening may over-
come cohesion in an improperly shaped sealant
before overcoming the bond (Figure 10) (31). Hot-
pour materials typically perform better with a shape
factor of one.

All hot-pour sealants are subject to variances in field
preparation. Heating temperature during preparation

Polymeric (Asphalt) |

1

Polymeric (Low Mod.) :
:i?
Low Modulus (Cold) -
1§
Silicone (Toolable) ‘9
&
Silicone (Self Level.) g
19
) ‘i
Preformed Compression ‘&
'3 =

'8 |

1 E 1

i @© 1

1 1

0 10 20 30 40

Vacuum, inches

Figure 9 Average results of Kansas vacuum tesis on different
sealants one year after installation (35). Note that no sealant

provided a completely tight seal.

Internal Stresses Develop
as Joint Begins Opening

Further Opening Induces
Cohesive Problems

Good Adhesion
Early in Life
of Sealant

Sealant Tears
[=£%| as Internal
“L| Stresses Rise

Poor Shape Factor Results in
Considerable "Neck Down" of Sealant

Figure 10 A large shape factor induces high internal tensile stresses

from joint opening and results in cohesion loss. (Also note
no backer rod - poor practice).

is extremely important. Overheating can change
sealant properties. Overheating polymeric hot-pour
sealants cause the polymers to decompose. Upon
cooling the sealant may not have the intended
modulus or provide the intended adhesion. Evidence
of this can be noted by different performance of the
sealant along different locations on a project (31).

PVC coal tar sealants are self healing against small
tears (30,36). Observing their condition can be
challenging because hot weather may hide adhesion
or cohesion loss.

Silicones - Silicone sealants have performed well
for periods exceeding 8 - 10 years on roadways
(31,37,38). Installations on airports generate similar
results. Good performance hinges on joint prepara-
tion. Of extreme importance is that the joint be clean
and dry at the time of installation.

Poor joint preparation results in inadequate bonding
of the sealant to the reservoir walls. Traffic may
disturb poorly bonded silicone by pulling it from the
joint. In some cases a silicone may recess into the
reservoir by suction created by deflection and
rebound of joints under load (31).

Sliver spalling has been noted on highway and air-
port joints sealed with silicone sealants. At one test
site, joints sealed with silicone contained 10 times
more sliver spalling than the other liquid sealants
(31). On that test site, the spalling appeared during
the first year of service and did not significantly in-
crease with time. Sliver spalling has not impacted the
pavement performance on the test site and will not
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likely threaten pavement life. lts cause is unknown
and requires future research.

In some infrequent past cases, silicone sealants did not
cure evenly after installation (38). When this occurred
the upper portion of the sealant cured well while the
lower portion remained soft and tacky. Consequently
the lower portion did not bond well to the reservoir
walls. While these cases have been infrequent and
have not been observed in many years, it is still ad-
visable to sample sealant within 14 to 21 days after
installation (38). Performance of most joints with in-
adequately cured silicone is still satisfactory (38).

Compression seals - Compression seals provide
service for periods often exceeding 15 years and some-
times 20 years (15,17). Five-celled seals provide the
most consistent long-term performance. Figure 11
shows a cross-section of a typical five cell seal.

Compression seals require that joint faces be in good
condition. Perpendicular faces of uniform width are
necessary for optimal performance. A seal can work
its way up out of a nonuniform reservoir. A contrac-
tor can easily attain the necessary uniformity in new
construction, but it may be difficult in rehabilitation.

Width

]

Depth

Relaxed 5-Cell Compression Seal

Compressed
Width

Reservoir

Instalied Compression Seal

Figure 11 A typical five cell seal cross-section (1).
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For this reason, compression seals are not typically
used in resealing operations (11).

Preformed seals may lose elasticity and develop
compression set over an extended time (36). This oc-
curs when the seal loses its compressive recovery
and no longer places outward pressure on the side
walls. The seal begins to lose effectiveness and may
be dislodged. Avoiding stretch during installation and
using a proper seal size reduces compression set
potential. Compression greater than 50 percent may
induce compression set because webs stick together
and prevent rebound (3). In some cases compres-
sion set has been attributed to improper chemical
formulation during manufacture (36).

Resealing in Restoration

Performed alone, joint resealing is a maintenance
activity. However, performed in conjunction with tech-
niques such as patching or surface grinding, joint
resealing becomes a necessary part of concrete
pavement restoration (CPR).

Good restoration project performance depends on
the choice and timing of treatments for the condition
of the pavement (2,3,13,51). Techniques may enhance
the effectiveness of other repairs performed together.
Techniques which may enhance joint resealing in-
clude: full-depth repair, partial-depth repair, slab
stabilization, diamond grinding, load transfer restora-
tion, retrofit PCC shoulders and edge drain installa-
tion. In restoration, resealing joints and cracks is the
last technique in the sequence (Figure 12).

Traffic control costs play an important role in reseal-
ing operations and sealant selection (12). An optimal
rehabilitation design employs sealant that will last at
least as long as the restored pavement (15). With
many materials, joint preparation will cost more than
the sealant material itself (12). That is why it is im-
perative that a rehabilitation design process consider
traffic control and sealant life expectation in life-cycle
costing.

Slab Stabilization —

Slab stabilization restores support to a pavement
which has developed voids beneath slab corners or
edges. Pozzolanic, asphalt or urethane-based
materials pumped beneath the slab fill the voids and
restore support. Lifting the slabs with the slab



CPR " Slab
1 Stabilization
Full-Depth ” Retrofit Edge
Repair i Drains
Partial-Depth .| Load Transfer
Repair "l Restoration
Cross-Stitching
Cracks
Di d4 o Tied PCC
Grinding Shoulders
Joint & Crack
Sawing &
Sealing

Figure 12 The sequence of operations in a CPR project (34). Note

that the double boxes indicate core activities which almost
always are necessary in a typical CPR project.

stabilization process is not recommended in most
cases. See references 4,5,8,9, and 18 for more
information.

Patching —

Restoring structural integrity and ride quality may re-
quire patching the pavement either full or partial-
depth. Partial-depth repairs address spalling and can
reestablish the joint reservoir through spalled areas.
Full-depth repairs restore load transfer and provide
completely new joints. For more information see
ACPA bulletins Guidelines for Full-Depth Repair and
Guidelines for Partial-Depth Repair (39,40).

Diamond Grinding restores a smooth pavement pro-
file by removing a small depth of the concrete sur-
face [nominally 0.25 in. (6 mm)]. The operation
blends low and high areas and smooths faulted
joints. Diamond Grinding is almost always required
with a CPR project. For more information see ACPA
bulletin Diamond Grinding & CPR 2000 (34).

Retrofit Drainage —

Edge drains along the pavement shoulder provide
an avenue to remove water from the pavement
system. Installing drains up to one year before
rehabilitation helps the pavement seat itself and
establish support. Retrofit drains also protect against
recurrence of water damage in the future. See
references 4,5,8,9 and 18 for more information.

Resealing Applications

Preparation is essential in joint resealing. One
demonstration study of airports found a 50 percent
savings in the annual cost of joint resealing on projects
using proper preparation techniques (14). Successful
resealing consists of five steps:

Old sealant removal.
Shaping the reservoir.
Cleaning the reservoir.
Installing the backer rod.
Installing the sealant.

S T T

Anticipating the time of year a pavement will be re-
sealed is an important step in designing a resealing
project. The time of year or temperature influences
the amount and direction of joint movement after job
completion. For example, installing a sealant during
a region’s warmest weather ensures that the sealant
will always be in tension. This is because the joints
will be fully closed during installation. However, a
sealant installed during moderate regional
temperatures will also undergo compression. The
designer must verify that the sealant will be capable
of handling the full range and direction of movement
based on the anticipated installation temperature.
Table 8 shows the range of movement placed on a
sealant depending on the installation temperature.
Probably the most favorable times of year are spring
and fall because daily temperatures are moderate
(2,3,41).

Another very important component of resealing joints
and cracks is construction inspection. Several reports
for airports and roadways cite a lack of emphasis on
the importance of good joint sealing as a major prob-
lem. With the proper emphasis, inspection can lead
to vastly improved sealing technique and perfor-
mance (32,42,43). The inspection process improves
the knowledge of contractor and agency personnel.
This will heighten the level of competence and
overall project quality.
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Table 8. Example Range and Direction of Movement on a Liquid Sealant Placed During

Cold, Moderate and Hot Temperatures.

Temp. At Expected Movement Reservoir Maximum Minimum Percent Percent

Seal Movement After Cut Expected Expected Sealant Sealant

Iinstallation Range Sealing Width Width Width Stretch Compress.
in (mm) in (mm) in (mm) in (mm)

Cold 0.15 (3.8) Closure 0.375(9.5) 0.4 (10.2) 0.25 (6.4) 7 33

Moderate 0.15 (3.8) Both 0.375(9.5) 0.43(10.9) 0.28 (7.1) 15 25

Hot 0.15 (3.8) Opening 0.375(9.5) 0.5 (12.7) 0.35(8.9) 33 7

Old Sealant Removal —

Adhesion will not develop by simply filling over an
existing sealant. Removal of the old sealant and joint
face cleaning are essential. These processes provide
a surface to which a new sealant can bond. It is im-
perative that methods for removing old sealant do
not damage the joint reservoir. The following provide
acceptable results (2,3):

8 Manual Removal: Typically, manual removal is
easy for compression seals. This simple method
provides a quick result whenever feasible and
does not leave much material on the reservoir
sidewalls.

8 Sawing: The most common removal and effi-
cient method is sawing with diamond blades
(Figure 13). It is efficient because sawing also
shapes the reservoir for the new material.
However, it may not be effective on sticky seal-
ing materials such as PVC coal tar. Sticky
materials clog diamond blades.

Figure 13
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Sawing/reshaping a sealant reservoir with a wet diamond
blade.

8 Plowing: Plowing can be very effective for
removing most of the old sealant (44). A small
plow pulled through the reservoir dislodges the
material. Operators must be careful in selecting
the plow design. Avoid vee-shaped plows. The
vee-shape tends to scour the reservoir corners
and can easily spall surrounding concrete. Very
litle damage occurs with a rectangular plow.

8 Cutting: Cutting requires a laborer to run a knife
blade along the face(s) of the joint. Afterward,
the sealant easily pulls free by hand.

Shaping the Reservoir—

Sawing/widening shapes the reservoir after sealant
removal. Saws with dry or wet diamond blades are
acceptable (2,3). The blades remove any remaining
old sealant and provide the proper dimensions for

the new sealant.

In certain instances eliminating this step may be ac-
ceptable. Shaping is unnecessary if sealant removal
was by hand and the existing reservoir provides
adequate dimensions. Sawing out the old sealant
typically provides an adequate reservoir and should
not require this step either.

Some minor spalling along the joint face will not in-
hibit performance of most sealants. However, some
patching is likely for larger spalls. The specifications
should detail areas requiring patching so that it can
be completed before reservoir cleaning and sealant
installation operations.

Resealing pavements with plastic or metal joint in-
serts requires first removing the insert (45). Afterward
sawing provides smooth vertical faces for the new
sealant.




Cleaning the Reservoir—

Cleaning is the most important aspect of joint seal-
ing. For every liquid sealant, manufacturers require
essentially the same cleaning procedures. Likewise
the performance claims of any liquid sealant product
is predicated on those cleaning procedures.

Reservoir faces require a thorough cleaning to be
sure of good sealant adhesion and long-term perfor-
mance. No dust, dirt or visible traces of old sealant
should remain on the joint faces after cleaning. The
ability to attain this condition may depend on the
reservoir width. Most contractors report that it is
easier to consistently get joints clean if they are at
least 3/8 in (9 mm) wide. Cleaning 1/8 in (3 mm) or
even 1/4 in (6 mm) is very difficult.

Do not use chemical solvents to wash the joint reser-
voir. Solvents can carry contaminants into pores and
surface voids on the reservoir faces (2). Con-
taminants will inhibit bonding of the new sealant.

Proper cleaning requires mechanical action and pure
water flushing to remove contaminants. The following
outlines the recommended procedures (1):

a) Immediately after sawing, a water wash
removes the slurry from the sawing operation.
Contractors perform this operation in one direc-
tion to minimize contamination of surrounding
areas.

b) After the joint has sufficiently dried, a sand-
blasting operation removes any remaining
residue. Do not allow sandblasting straight into
the joint. Holding the sandblast nozzle close to
the surface at an angle to clean the top 1 in.
(25 mm) of the joint face provides cleaning
where needed (Figure 14). One pass along
each reservoir face provides excellent results.
This not only cleans the joint faces, it provides
texture to enhance sealant adhesion.

c) An air blowing operation removes sand, dirt
and dust from the joint and pavement surface.
Conducting this operation just prior to sealant
pumping ensures that the material will enter an
extremely clean reservoir. The contractor must
provide assurance that the air compressor
filters moisture and oil from the air. The com-
pressor should deliver air at a minimum 120
cu.ft./min. (3.4 cu.m./min.) and develop at least
90 psi (0.63 MPa) nozzle pressure (11,45).

Sandblasting a shoulder joint. Note the angle and close
proximity of nozzle to the reservoir.

Figure 14

Some contractors also use a vacuum sweeper
and hand brooms to keep the surrounding
pavement clean.

Compression sealants do not require steps b or c.

Backer Rod Installation —

Backer rod installation is made after cleaning and
before liquid sealant installation. It must be compati-
ble with the liquid sealant with a diameter about 25
percent greater than the reservoir width. Backer rod
inserts easily with a double-wheeled, steel roller or
any smooth blunt tool that will force it uniformly to
the desired depth (Figure 15). Rehabilitation work
with slightly faulted joints may require a single-

| Handle

Insertion Wheel

Reservoir Backer Rod

Figure 15 A double-wheeled, steel roller for backer rod insertion to

the desired depth.
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wheeled roller. The tool must not puncture or stretch
the material. A steel roller allows exchange of the
center insertion wheel for different depths and pro-
vides the most consistent results. Ensuring that the
backer rod is at the proper depth cannot be over
emphasized. Good practice is to roll the insertion
wheel over the backer rod twice.

An inspector should not allow a contractor to begin
installing sealant until the reservoir meets cleanliness
requirements. With a finger the inspector should wipe
the reservoir sidewalls to check for dirt and dust
(Figure 16). The inspector should require further
cleaning with any traces of contamination.

Installation requirements are slightly different for each
sealant type. Manufacturers recommend some curing
time before opening to traffic for most liquid sealants.
Some liquid seal manufacturers also specify limits on
the ambient and pavement temperatures for installa-
tion. Compression seal manufacturers specify
desirable limits on sealant stretch and lubrication.
Table 9 provides general recommendations for dif-
ferent sealants. It is important to always consult the
sealant manufacturer’s particular product
recommendations.

Figure 16 Noticeable dust on inspectors fingers.

Liquid - Liquid sealants require uniform installation.
Over-filling or completely filling the reservoir is not
desirable. Filling the reservoir from the bottom up-
ward avoids trapping air pockets. Remember to
recess the sealant at least 1/4 - 3/8 in. (6 - 10 mm)
below the surface of the pavement.

It is important that the contractor pumps the sealant
through a nozzle sized for the width of the joint reser-
voir (43,45). The nozzle should fit into the reservoir to
allow pumping to the bottom. The injection nozzle
forms the sealant bead. Good practice is to draw the

Table 9. Typical manufacturer’s limitations on pavement and ambient placement

temperature, and recommended curing periods for common sealing materials.

Sealant Type Temperature
Hot-Pour Materials
Asphalt Based
PVC Coal Tar
Polymeric Low Modulus

50°F (10°C)
50°F (10°C)
40°F (4.4°C)
Cold-Pour Silicone 40°F (4.4°C)

Preformed Compression 30°F (-1.1°C)

minutes. At 40°F (4°C) it takes 2-4 hours to become tack free.

Min. Placement

(1) For new concrete only. The seven days must be free of precipitation.

(2) Assumes the joint reservoir is dry and preparation removes all curing compound, dust, _d:‘rt and laitance. o _ ‘

(3) Most manufacturers provide more detailed recommendations and shorter curing time requ:;ements for special @ppfrcarrons (ie. Fast-Track pawng).
(4) Curing time varies by temperature and humidity. At 75°F (24° C) and 50% relative humidity, the sealant will cure to a tack-free surface in 30

Concrete Curing
For Non-Fast
Track Project

Time To Open
Sealed Joint
To Traffic

7-days(:2.3 upon cooling
7-days1.2:3) upon cooling
7-days(1:23) upon cooling
7-days'23 30 min.®
none immediate
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nozzle toward the operator (Figure 17). Pushing the
nozzle may result in voids and nonuniform sealant
cross-section (2).

Special attention to the heating temperature is vital at
the start of a work day (43). No sealant should be in-
stalled before reaching proper installation
temperature. About the first 1 gal. (4 liter) of material
is unusable because cooled sealant and flushing oil
remains in the pumping unit hoses and nozzle.
Discard this material and begin pumping only after
fresh sealant is ejected from the nozzle at an accept-
able temperature.

Low-modulus silicone sealants which are not self-
leveling require tooling to provide desired results.
After sealant pumping, a laborer draws a tool or
backer rod strip over the fresh silicone. This forces
the sealant into contact with the sidewalls at the top
of the reservoir and produces the desired shape fac-
tor (Figure 18) (3,37). Tooling is necessary within
about 10 minutes of installation before the sealant
begins curing and forms a "skin".

It is extremely important that the reservoir walls be
dry before installing any liquid sealant (2,3,45).
Moisture will boil in contact with hot-pour materials,
forming steam that will bubble the sealant. Moisture
will inhibit silicone sealant adherence. Moisture is not
as critical for compression sealants. Most silicone
manufacturers require a drying time or surface-dry
condition befare installation. This includes drying
after wetting due to water flushing and even rainfall.
Follow the manufacturer's guidelines for optimum
seal adherence.

Drawing the nozzle toward the operator during installation
of liquid seal.

Figure 17

Close-up of low-modulus silicone sealant tooling.

Figure 18

The sequence of installation is important where
transverse joints are sealed with silicone and
longitudinal with hot-pour material. It is good practice
is to seal transverse joints first. This prevents hot-
pour material from flowing into and contaminating the
transverse reservoirs. Some contamination of the
longitudinal reservoirs will occur while placing the
transverse silicone. However silicone is somewhat
more viscous than hot-pour and the extent of
longitudinal joint contamination is tolerable.

It is important to examine all sealant after installation.
An inspector should look at the material and seal
characteristics. The simple knife test can indicate
how well the sealant adhered to the sidewalls. This
early inspection provides assurance that the installa-
tion meets requirements.

Testing of silicone sealant curing can only be com-
pleted after 14 - 21 days. The inspector can remove
small 2-in (5-cm) sample of sealant. Stretching the
segment about 50 percent [1 in (2.5 cm)] for about
10 seconds before releasing gives a quick check. A
fairly fast and uniform relaxation of the sample in-
dicates adequate curing. Slow rebound and curling
of the sample indicates differential curing. The curl
results from the upper (cured) seal retracting faster
than the lower (less cured) portion. It is important to
repair the 2-in (2.5 cm) gap in the sealant where the
inspector extracted the sample. Use the same brand
of material to take advantage of the good adherence
the material has to itself.

Compression - A compression sealing operation
requires application of a lubricant/adhesive to the
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sealant edges and/or reservoir sidewalls. The com-
pression seal is then mechanically compressed and
inserted into the reservoir. The lubricant/adhesive
material eases sealant insertion, and forms a weak
adhesive to help hold the seal in place.

Joint wall inspection before installation will find any
suspect areas. Raveling, spalling or other irregularity
of the joint walls pose potential problems. These
areas could reduce the seal’s lateral pressure and
allow the seal to extrude or pop from the joint (11).
Agreement between the engineer and contractor on
potential problem areas will allow repair before the
contract is complete and seal damage occurs.

Sealant stretch of three percent or less is desirable.
Some neoprene seals are capable of stretching by
as much as 50 percent. Stretching reduces the
cross-section and compression recovery (36). More
than five percent stretch is excessive and could be
detrimental. Some sealants can later break into
pieces if stretched excessively during installation.
Special attention during installation is essential to
avoid twisting, nicking or stretching the sealant.

Monitoring sealant stretch is an important check of
installation methods. Good specifications require the
contractor to lay a length of sealant parallel to a joint
and cut the seal to exact length. Excess seal pro-
truding from the joint after the contractor installs the
seal is due to stretch. A measurement of this pro-
truding seal provides an accurate number for
calculating stretch percentage.

Most compression seal manufacturers make equip-
ment for accurate seal installation (Figure 19). The
most common are compress-eject machines. The
machines compress and insert a seal to a desired
depth in continuous motion. The most advanced
equipment automatically applies lubricant/adhesive
along the sealant edges. Compress-eject machines
remove most stretching and twisting problems that
accompany hand installation (3). The machines are
usually self-propelled or semi-self-propelled with a
guide that keeps them on course over a joint.

Burrs along the sawed joints may make seal installa-
tion difficult. Dragging a blunt pointed tool along
sawed joints removes sharp edges. A mechanized
wire brush will also remove burrs and provides con-
sistent results (46). While this simple step eases seal
installation, it may contaminate clean joints and
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should be done ahead of reservoir cleaning only
when needed.

Avoid splicing compression seals as much as possi-
ble (45). Splices are discontinuities prone to moisture
infiltration and dislodging by traffic. Use only one
length of compression seal for transverse joints less
than 25 ft (7.6 m) long. For transverse joints on wider
pavements one splice is acceptable. For longitudinal
joints cut the compression seal at the transverse joint
Crossings.

"}
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Figure 19

Compress-gject machine.

Preparing New Pavement
Joints —

The steps for successfully sealing new pavement
joints are very similar to those required for resealing
joints. Because no old sealant is removed, reservoir
shaping is simple. A single or double saw cut forms
the reservoir.

Some agencies require contractors to blank-out tining
at the location of skewed contraction joints. This
prevents minor spalling at the intersection of the tine
slots and the skewed reservoir. The blank-out is
usually done with a 4 - 5 in (10 - 13 mm) wide piece
of astroturf or other rugged fabric. Workers position
the blank-out fabric at the joint location. The tining
machine or hand tine operator pulls the rake over
the blank-out fabric (Figure 20).

New pavement joints must also be clean and dry
before installing the sealant. Curing compound on
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Figure 20 Tining machine running over a blank out strip.

joint faces will inhibit sealant bond and require sand-
blasting. Airblowing with oil-free compressed air is
equally important in sealing joints for the first time.
Removal of dirt and other laitance in the reservoirs
from construction traffic and dusty conditions is
necessary.

Manufacturers of silicone sealants recommend that
the standard concrete cure for seven dry days
before sealing. For Fast Track operations, most
manufacturers make some exception to this require-
ment. It is important to contact the sealant manufac-
turer for advice on use of their product in Fast Track
projects.

Special Considerations

Nonuniform Joint Cracking —

In plain jointed pavements initial cracking from
shrinkage occurs at intervals from about 40 - 150 ft
(12 - 46 m) (1). The exact spacing varies depending
on concrete properties, thickness, subbase friction
and climatic conditions during and after placement.
The cracks meet sawed joints at those intervals. The
joints between those locations sometimes do not
crack for several weeks to months after construction
even though saw cut spacing is relatively uniform. As
a result, all of the initial shrinkage and thermal move-
ment occurs at the initially cracked joints. Those
joints often become much wider than those in in-
termediate locations. To account for this variability,

agencies are encouraged to require the contractor to
have several sizes of backer rod or compression seal
available.

Expansion/isolation Joints —

Most steps for resealing expansion/isolation joints are
similar to those for contraction joints. However,
resealing expansion/isolation joints requires removing
the sealant only down to the compressible filler.
Compressible fillers are typically directly below the
sealing material. The fillers are usually nonextruding
and act as a backer rod in the wide reservoir. It may
be necessary to place a bond-breaking tape above
the filler before installing new sealant (11,41,45). The
tape will separate the new sealant from any old
sealant that may have been absorbed by the filler. A
tape width no more than 1/8-in. (3 mm) narrower
than the joint width is acceptable. This ensures ade-
quate separation and also eases installation. Contrac-
tors report difficulty in properly placing a tape wider
than the actual joint width.

Resealing the contraction joints within 100 ft (30 m)
of an existing mainline expansion joint may require
special consideration (29). Expansion joint closure
allows adjacent contraction joints to open. It is com-
mon that the width of contraction joints increase near
an expansion joint. To successfully seal these con-
traction joints it may be necessary to use sealant
materials with greater elongation capacity. Other
options are to increase the width of preformed com-
pression seals, backer rods and/or shape factor. The
project documents should account for these
adjustments.

Existing Lane/Shoulder
Joints —

Studies show that effectively sealing shoulder joints
improves highway shoulder and pavement perfor-
mance (28). It is simpler to seal the reservoir along
concrete shoulders than along asphalt shoulders.
Sealing and maintaining concrete shoulder joints re-
quires no further effort than is required for centerline,
lane-separation or other tied longitudinal joints. This
assures the designer of a good shoulder seal.

Joints between concrete lanes and bituminous
shoulders pose a more difficult sealing challenge.
Bituminous shoulders tend to settle with time due to
water accumulation, traffic encroachment, insufficient
support materials and poor soil or bituminous com-
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paction. Often vertical settlement is greater than
horizontal thermal movements (28). Some spalling
and loss of asphalt material is also common along
the shoulder edge of older concrete pavements.

Sealing along bituminous shoulders may require a
wide reservoir. One-inch (25 mm) or greater width
and depth accommodates the lateral and vertical
shoulder movements. This provides a reservoir
shape factor of one and is good for most liquid
sealants capable of 25 percent strain. Liquid seals
for shoulder joint sealing should be capable of
adhering well to both materials; rubberized asphalt
and specially formulated silicone sealants provide
good adherence (37).

As with all sealing, shoulder reservoir preparation is
important. Sawing the joint reservoir delivers the
most consistent width and depth dimensions (Figure
21). The saw should cut vertically and remove any
bituminous material from the edge of the concrete
slab. Immediately after sawing a water flush will
remove sawing slurry. Both sides of the reservoir re-
quire sandblasting. A lighter sandblast along the
asphalt face is acceptable. Airblowing just before
sealant installation dries the reservoir and removes
dust and dirt.

Do not use a propane torch for joint drying and
cleaning. Torching has led to concrete spalling and
raveling.

Do not seal newly placed bituminous material until it
cools to at least ambient temperatures. At higher
temperatures bituminous material can ravel, erode

and deteriorate under saw action (28). A cleaner
reservoir face results if sawing is delayed until after
cooling. Certain mixes may require an extended
cooling/aging period.

Joint Load Transfer
Restoration

Load transfer describes the distribution of load across
a joint or crack. Aggregate interlock, dowel bars and
subbase support influence the degree of load transfer
(1). The ability of a joint or crack to distribute load is
fundamental to its performance and is characterized by
joint effectiveness measurements. Reference 3 provides
further discussion on load transfer and joint
effectiveness.

Restoring load transfer at joints or cracks is necessary
to reestablish structural integrity. It may be necessary
because a designer omitted dowels in an existing
pavement and subsequent joint faulting has become a
problem. It may also be necessary where deicing
chemicals corrode unprotected dowels. In either case
load transfer restoration (LTR) places good mechanical
load transfer in the joint.

Joints lose load transfer ability with age and load ap-
plications. Determining the rate at which a pavement
joint might lose load transfer is very complex. A few
simple facts are:

1. Undoweled joints lose load transfer faster than
those with dowels under similar traffic.

2. Under heavy truck traffic dowel diameters
below 1-1/4 in. (32 mm) may socket the con-
crete around the bar and reduce load transfer
efficiency.

3. Voids from wet and pumping subgrade/base
materials provide little support and reduced
load transfer.

A joint effectiveness of 75 percent or more is con-
sidered adequate for medium and heavy truck
loadings (1). It is important that joint effectiveness
measurements are taken when actual pavement
temperature is cooler than 80°F (27°C). Joint effec-
tiveness is over-estimated with closed joints at high
temperatures.

LTR improves load transfer and reduces the rate of

Worker sawing the lane/shoulder joint reservoir. Note that
the blade must remove a small amount of the concrete
slab to ensure cleaniiness and enable sealant adherence.

Figure 21 future fault development across joints or transverse

cracks on in-service concrete pavements (47). Suc-

22



cessful LTR requires sound concrete along the joint
or crack. Faulted joints and cracks require surface
grinding to restore rideability after installing retrofit
load transfer. Joints exhibiting high deflections from
voids may also require slab stabilization. Do not use
LTR on joints with major spalling or material pro-
blems. Major deterioration requires full-depth
replacement.

The two basic LTR methods are retrofit dowel bars
and double-vee shear devices. Dowels are installed
in slots cut into the pavement surface across the
joint. Double-vee devices are inserted into cores
drilled through the joint.

Backfill material must be capable of bonding to the
slot/core walls. The thermal expansion characteristic
of the backfill material is extremely important for
compatibility to the existing concrete. Crushed ag-
gregate is also important for strength. Most mixes
employing conventional type | or lll portland cement
will meet compatibility criteria.

Some proprietary blended-cementitious backfill
materials also meet compatibility requirements. Use
of some of these materials has been successful as a
backfill around double-vee and retrofit dowels.
However, laboratory testing is important to ensure
they meet recommended criteria (48). Most manufac-

turers will provide test and verification reports of their

products.

One of the first projects in Georgia employed a non-
proprietary cementitious backfill material (47,48). The
following mix was successful as a load transfer
restoration backfill:

Cement - Type lll 94 Ib (42.6 kg)

Sand - 125 |b (56.7 kg)

Stone - 220 Ib (99.9 kg) [3/8-inch (0.95
cm) top size]

Water - 5 gallons (18.9 liters)

Calcium Chloride - 1.5 Ib (0.68 kg)
Expansion Agent - 4.5 oz (127.6 g)

(Expansion Agent - One part aluminum powder to 50
parts filler of inert flyash or pumicite).

A good bond between the backfill and slot/core walls

is essential for LTR performance. The bond helps
carry the load in shear across the joint. Therefore

Figure 22

careful preparation is essential before device
installation.

Dowels - Slots for dowels are cut parallel to the
pavement centerline and ‘vith each other. Careful
alignment is necessary for optimum performance.
Contractors should employ saws equipped with
gang-mounted diamond blades to provide the
desired width and location (49). Construct the slots to
widths no greater than 2-1/4 - 2-1/2 in (57 - 64 mm).
Chipping with light hammers removes the fins that
may remain between saw kerfs. Recent tungsten car-
bide milling technology is now being tested for slot
cutting. This is a promising technique that should
reduce LTR preparation cost considerably.

Cleaning is critical after the milling or cutting and
chipping processes. Sandblasting followed by
airblowing provides a roughened surface free of
loose particles. The surface must be clean and dry.
Similar preparation is described in reference 35 for
partial-depth concrete repair.

Good results will require at least three dowels in
each wheel path on roadways subject to heavy truck
traffic (Figure 22). Airport pavement slabs subject to
a variety of gear configurations require evenly spac-
ed dowels. The dowels should be 1-1/2 in (38 mm)

Slots containing dowel bars. Before backfilling these bars
require fillerboards to reform the joint.
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for airports and heavy truck traffic and no less than
1-1/4 in (32 mm) for any application. A dowel
embedment depth of about 6-in (15 cm) is adequate
to each side of the existing joint. However most in-
stallations use a dowel lencih of 16-in (45 cm). An
epoxy or other protective coating is necessary 1o in-
hibit corrosion from deicing chemicals. To allow ade-
quate movement, always apply a form oil or other
bondbreaker material to dowels protected by epoxy
coating. An expansion cap spaced at one end of
each dowel will ease joint closure.

Chairs support the dowels in the base of the slot and
allow backfill material to surround the bar. At mid-
length, a fiber or styrofoam filler-board placed

around the dowel forms the joint. The filler-board also
prevents patch materials from penetrating the sides
or bottom of the existing joint or crack. Each job may
require several nominal widths of filler-board for
various joint widths. Figure 23 shows recommended
orientation, slot size and details for retrofit dowel

bars.

LTR with dowel bars is effective in reducing the
development of faulting (Figure 24) (3,47,49). Retrofit
dowels can increase joint efficiency to between 50 -
80 percent. After five years on one Florida project,

2 groups of 3 bars
12 in. on center

A) Slot Orientation per Lane.

TOP VIEW

2.25-2.5in.
Slot Width

Expansion Cap (allow
SIDE VIEW ‘room for expansion)

B) Slot & Dowel Details.

a) Recommended orientation for retrofit dowel bars (per
highway lane). An airport slab requires 12-in. (31 cm)
uniform spacing. b) Slot size and details for each retrofit bar.

Figure 23
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Figure 24

the dowels are still functioning at efficiencies near
post-construction levels (49).

Double-vee Devices - Double-vees are pro-
prietary devices used for LTR in both highway and
airport applications. Double-vees require a 6-in. (15
cm) core hole drilled vertically through a slab and
oriented across a joint. A laborer compresses the
device using a special tool before inserting it into the
hole. After insertion, cementitious backfill surrounds
the hole and bonds to the device and the core walls.
A special coring bit produces a grooved core hole to
enhance load transfer. Sandblasting and airblowing
are necessary to roughen the core walls for backfill
bond. Details for double-vee devices are available
from the manufacturer.

Special Considerations for
Cracks

Like joints, some cracks also require sealing to prevent
moisture and incompressible infiltration. The orientation
and type of crack dictates sealing necessity. Cracking

in concrete pavement initiates by one or a combination
of seven factors:

1) Plastic Shrinkage.
2) Drying Shrinkage.
3) Restrained Thermal Contraction.




4) Thermal & Moisture Gradients.

5) Non-uniform Support.

6) Reflection of Underlying Distress.

7) Load.

Cracks which remain tight usually do not require seal-
ing. These cracks are typically very narrow (hairline)
cracks. Table 10 provides guidance to determine
where crack sealing, cross-stitching and load transfer

restoration are necessary.

Working Cracks —

Once started, a crack may develop full-depth
through a slab or traverse only partial-depth (Eg.
plastic shrinkage cracks). The crack may also begin

sealing.

Table 10. Crack sealing and repair guidelines (33, 52).

moving and functioning as a joint. Cracks which
function as a joint are "working” cracks. Working
cracks are subject to nearly the same range of

movement as transverse joints and therefore require

Crack Crack Description Spalling Faulting Crack Recommended

Orientation Type Condition Width Repair Procedures

Transverse Plastic Partial- None 0 Hairline Do Nothing.

Shrinkage depth

Transverse Random Low None 0 Hairline Saw & Seal.
Severity

Transverse Random Medium Low [<3in <0.25in <0.5in Partial-Depth Repair,
Severity (76 mm)] (6.3 mm) (12.7 mm) Saw & Seal, Load

Transfer Restoration.

Transverse Random Medium Med-High 0 <0.5in Partial-Depth Repair,
Severity [+ 3in (76 mm)] (12.7 mm) Saw & Seal.

Transverse  Random High Med-High 20.25 in >0.51in Full-Depth Repair.
Severity [+3in (76 mm)] (6.3 mm) (12.7 mm)

Longitudinal  Plastic Partial- None 0 Hairline Do Nothing.

Shrinkage depth

Longitudinal Random Low None 0 Hairline Cross-Stitching.
Severity

Longitudinal Random Low Low [<3 in 0 Hairline Cross-Stitching.
Severity (76 mm)]

Longitudinal Random Medium Low-Med [<6in  <0.5in <0.5 in Partial-Depth Repair,
Severity 76 mm)] (12.7 mm) (12.7 mm) Saw & Seal.

Longitudinal Random Medium High [+ 6 in 0] <0.51in Partial-Depth Repair,
Severity (152 mm)] (12.7 mm) Saw & Seal.

Longitudinal Random High High [+ 6 in >0.51in >0.51in Slab Replacement or
Severity (152 mm)] (12.7 mm) (12.7 mm) Full-Depth Repair.
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It may also be necessary to establish pavement
integrity at working cracks. Those cracks with signifi-
cant spalling, pumping or faulting require full-depth
repair. Load-transfer restoration can repair cracks
with low efficiency levels.

For longitudinal cracks which are in reasonably good
condition, cross-stitching is an alternate repair tech-
nique. Cross-stitching has been successful on both
roadway and airport pavements (50,51). The purpose
of cross-stitching is to maintain aggregate interlock
and provide added reinforcement and strength. The
tie bars used in cross-stitching prevent the crack
from vertical and horizontal movement or widening.

Cross-stitching uses deformed tie bars drilled across
a crack at angles of 35° (Figure 25). A number 6
bar is sufficient to hold the joint tightly closed and
enhance aggregate interlock (50). The bars, spaced
20 - 30 in. (50 -75 cm.) from center to center, alter-
nate from each side of the crack (Figure 26). Heavy
truck traffic and airplane traffic require the 20 in (50
cm) bar spacing. A 30 in (75 cm) spacing is ade-
quate for light traffic and interior highway lanes.

Do not stitch a transverse crack which has assumed
the role of an adjacent joint. Stitching will not allow
transverse joint movement (open and closure). A new
crack will likely develop near a stitched working
crack or the concrete will spall over the reinforcing
bars.

Tiebars Inserted and Grouted
Into Drilled Holes

#6 Deformed Bar '._*_1 /
S as®

\‘?:,& J 4";:’* =
5 PC SLAB _-7%.

§ BASE 7

Longitudinal Crack —

* Note: Holes are alternated to each side of the
crack spaced 20-30 in. on center.
Must start hole proper distance
from crack to get intersection at
mid-depth.

Cross-section through a longitudinal crack showing the
orientation of tiebars for cross-stitching.

Figure 25
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Figure 26 Cross-stitching tiebars ready for final insertion on an air-

port pavement.

Always use smooth dowel bars in repairs of
transverse cracks or joints in jointed plain pavement.
This includes application in full-depth repair or load
transfer restoration. Dowel bars allow necessary
movement for proper repair function. In repairing
mid-panel cracks in jointed reinforced concrete pave-
ment (JRCP) it may be acceptable to use deformed
tiebars. However, the joints on each side of the
crack must be handling cyclic temperature
movements. If they are not, alsc use smooth bars in
repairing the intermediate crack.

Hairline Cracks —

Most hairline cracks require no special treatment or
sealing, mainly because they do not allow significant
water to penetrate the pavement substructure. Some
hairline cracks, particularly plastic shrinkage cracks,
are very tight and do not extend through the full slab
depth. Plastic shrinkage cracks rarely deteriorate or
influence the ride or life of concrete pavement. Tight
cracks held by reinforcing bars, such as those found
on continuously reinforced concrete, also do not re-
quire sealing.

If a hairline crack begins to deteriorate, remedial
treatment may become necessary. Load transfer
restoration and sawing and sealing provides the best
long-term repair. Using low viscosity epoxy to glue



working cracks in pavement is often unnecessary
and usually not effective. A slab will eventually crack
again near the vicinity of an epoxied crack due to
thermal restraint (11).

Crack Sealing/Resealing —

Cracks are not straight and are therefore more dif-
ficult to shape and seal (3). Avoid trying to follow
crack wander with a standard blade. Manufacturers
provide special crack-sawing blades to help the
operators follow crack “wander”. The special blades
with diameter from 7 - 8 in (18 - 21 cm) are also
more flexible to aid in crack tracing.

Special crack saws are usually supported by three
wheels and are smaller than most joint sawing equip-
ment (Figure 27). A pivot wheel on the saw allows
the saw to easily follow crack wander. Even with
special blades, a sawed crack reservoir will not be
as uniform or clean as a straight joint reservoir.
However, it is desirable to attempt to obtain the
same shape factor at working cracks that is
developed at joints on a project.

Avoid using routers for concrete pavement. Routers
were used extensively in the past to create the seal
reservoir above cracks (3). Routers use a vertical
spinning bit with a diameter and length that produce
the desired reservoir dimensions. Most contractors

no longer use routers because the they achieve bet-
ter reservoir results and increased productivity with
diamond saws.

After repair and sawing, crack sealing requires all of
the cleaning steps used in joint sealing. That includes
the use of a backer rod and uniform sealant
installation.

Additional Information

Additional information on sealing and resealing joints in
concrete pavement is available by contacting the
American Concrete Pavement Association.

Figure 27

Crack sawing equipment. Note the small diameter blade
and pivoting front wheel.
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Conclusions

1.

4-

28

Proper joint sealing contributes to good perfor-
mance on roadways and airports. With proper
design and construction joint sealants minimize in-
filtration of surface water and incompressible
material into the joint system.

The hypothesis that sealing is unnecessary for
pavements with free-draining base materials is
logical but currently unsubstantiated. Sealants are
needed to reduce incompressible infiltration even
in pavements with open-graded base materials.

It is not realistic to construct and maintain a com-
pletely watertight joint. Periodic surveys and a ra-
tional sealant rating system provide the necessary
criteria to judge seal effectiveness.

Sealant selection considers pavement life expec-
tancy, classification, joint type, climate and cost of
traffic control over the economic analysis period.
Comparison of different sealant materials based
on their individual life expectations is a necessary
part of project design and life-cycle analysis.

Liquid and compression seals can provide accep-
table performance. Proper reservoir sizing and
preparation are essential to maximizing perfor-
mance of any sealant.

Joint type and spacing influences the choice of
sealant materials and reservoir design. Tied
longitudinal joints (centerline or lane/shoulder) do
not stress sealant materials as do transverse
joints, since their movements are considerably

10.

11.

12.

smaller. An agency should optimize project cost
by considering this in sealant selection.

Longitudinal joints are often perpendicular to the
drainage slope providing significant access for
water. Neglecting to seal and maintain
longitudinal joints may negate the benefits of
even excellent transverse joint seals.

Resealing joints and cracks requires good
preparation to maximize sealant life. The
necessary steps include: old sealant removal,
reservoir shaping, reservoir cleaning, backer rod
installation, and sealant installation.

Resealing joints is a necessary maintenance ac-
tivity for jointed concrete pavement. An Operation
and Maintenance Plan developed by the design
engineers will provide a tool to engineers
charged with maintaining a pavement after
construction.

Concurrent rehabilitation technigues may be
necessary with a joint resealing operation.

An agency can establish and maintain pavement
integrity at working cracks through full-depth
repair or load transfer restoration. Retrofit dowel
bars are the most consistent load transfer restora-
tion design.

An alternative for longitudinal crack reinforcement
is cross-stitching. Stitching has been successful
on both highways and airports in otherwise good
condition. Cross-stitching is not for transverse
working cracks or transverse joints.
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This publication is based on the facts, tests, and authorities stated herein. It is intended for the use of professional personnel competent to evaluate
the significance and limitations of the reported findings and who will accept responsibility for the application of the material it contains. Obviously, the
American Concrete Pavement Association disclaims any and all responsibility for application of the stated principles or for the accuracy of any of the
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