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Introduction

PROJECT TITLE
Pavement Joint Deterioration:
Recent Findings to Reduce the
Potential for Damage

While many concrete pavements provide
excellent long-term performance, some
concrete pavements have exhibited premature deterioration, primarily at joints
and saw-cuts (Figure 1). This joint deterioration is problematic because it compromises the performance and service life of
an otherwise healthy concrete pavement.
Repairing these joints can be expensive,
and these repairs are disruptive to the
travelling public.

TECHNICAL WRITERS
Jason Weiss
Yaghoob Farnam
Purdue University
EDITOR
Sabrina Shields-Cook
SPONSOR
Federal Highway Administration
MORE INFORMATION
Jason Weiss
Purdue University
765-412-8358
wjweiss@purdue.edu

The Long-Term Plan for Concrete
Pavement Research and
Technology (CP Road Map) is a
national research plan developed
and jointly implemented by the
concrete pavement stakeholder
community. Publications and
other support services are
provided by the Operations
Support Group and funded by
TPF-5(286).

It is commonly observed that the joints
that frequently exhibit this damage
contain standing fluid. These joints can
develop two main types of deterioration:
1) cracking parallel to the joint, resulting
in 1/8 to 1/2 inch flakes of concrete being
removed from the joint (green oval in
Figure 2) or 2) spalling that begins with
a hollowed out region at the bottom of
the saw cut (a “soft zone” shown as a red
circle at in Figure 2) resulting in a crack to
the surface of pavement that is typically
four to six inches from the edge of the
joint.
This MAP brief provides a short update
of recent research findings related to joint
deterioration. It is a work in progress and

is not intended to be a comprehensive
review of the entire problem, as previous
reports have been developed discussing
damage at joints [1, 2, 3, 4, 5, 6].
Figure 2 shows a construction joint typical
of that used by numerous Departments of
Transportation (Figure 2). The joint is created by cutting the pavement (the depth of
the saw cut is approximately 1/3 the depth
of the pavement) shortly after the concrete
is placed. The saw cut is placed when the
concrete is mature enough to avoid raveling but not so mature that the stresses
have built up to cause random cracking
before or due to the saw cutting [7].
The intention of this saw cut is to provide
stress relief, which can allow cracks to
form at the saw cut locations. However,
these cracks do not always occur. After
several days (to weeks), the saw cut is saw
cut again, widening the cut to provide a
notch at the top of the joint for the placement of joint sealant. This second cut also
allows minor raveling to be removed and
attempts to provide a more uniform joint
width since some of the opening has
already occurred. The joints are then
cleaned and dried prior to placement of
an optional non-absorptive backer rod.
The joint sealant is then placed. If ideal,

Moving Advancements into
Practice (MAP) Briefs describe
innovative research and
promising technologies that can
be used now to enhance concrete
paving practices. The June 2015
MAP Brief provides information
relevant to Track 7 of the CP
Road Map: 7 Concrete Pavement
Maintenance and Preservation.
This MAP Brief is available at
www.cproadmap.org/
publications/MAPbriefJune2015.
pdf.

Figure 1: Typical examples of joint deterioration of concrete pavements in Indiana
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Figure 2: Potential Degradation Hypothesis: a) an ideal joint, b) a joint with damaged joint sealant but cracked, c) a joint
with damaged joint sealant that is uncracked, and d) a joint illustrating potential salt crystallization locations

this constructed joint will keep water and deicing salt out
of joints; however, the sealer may fail by detaching from
one of the concrete joint walls as shown in Figure 2b. This
allows water and deicing salt to enter the joint and be
absorbed by the faces of the saw cut.
In cases where the crack has occurred, the fluid that has
entered the volume created by the saw cut will likely drain
through the crack at the base of the saw cut into the open
graded base. This will increase the degree of saturation
and potential reaction along the walls of the saw cut and
along the walls of the crack.
When the joint does not crack, the fluid in the joint does
not drain (as shown in Figure 2c). The fluid that is pooled
in the joint is absorbed by the concrete, developing a zone
with a high degree of saturation. The solution in the joint
can also become increasingly concentrated over time when
deicing salts are added to the surface of the pavement to
melt ice and snow. It has been observed that saw cuts may
be less susceptible to cracking in some pavements due to
increased pavement strength, increased rate of strength
development, increased pavement thickness, and reduced
joint spacing [12].
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Some pavements that do crack may also not drain since
the crack remains small or becomes clogged with reaction
products (between salts and concrete) or other materials
(e.g., sand and dust). Further, the use of increased tie-bar
volumes or misaligned dowel bars may limit the opening

of the crack. The high level of saturation that results from
the joint not draining can result in freezing damage (in low
concentration systems) [8, 9] and/or in chemical reaction in
some systems (e.g., the formation of Friedel’s salt, Kuzel’s
salt or Calcium Oxychloride). The “soft zone” (shown as
the red circle in Figure 2c) frequently observed at the base
of the saw-cut can be explained by increased saturation,
microcracking due to saw cutting, and freeze-thaw damage due to hydraulic pressure/osmotic pressure at low
concentrations (Figure 2c) [10, 11, 12]. The “soft zone” (Figure 2c) or flaking off in layers that are fractions of an inch
thick (Figure 2d) can be explained by a chemical reaction
between the salt solution and the cementitious binder.
It is important in this discussion to remember that the
fluid that is in the joint is not water. It is a solution that
contains deicing salts. Deicing salts are used to depress the
freezing point of the water; however they also change the
properties of the fluid [13, 14]. Although the addition of
deicing salts on the surface of concrete elements is an effective method for melting the ice and increasing the safety of
infrastructure, it may also be partially responsible for the
issues that develop at the joints in the pavement.
The types of reactions that can occur depend on the type
of salt that is used. It appears that NaCl reacts with the
sulfo-aluminate phases in concrete and results in damage
due to a chemical phase transformation [15], while CaCl2
and MgCl2 result in the formation of a calcium oxychloride
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[16, 17]. This document will focus on the calcium oxychloride phase which is expansive and can cause damage and
cracking.
The calcium oxychloride phase change occurs when calcium hydroxide from concrete reacts with calcium chloride
in the presence of water (between 0˚C and 50˚C depending
on salt concentration) [18]. This reaction can be observed
by measuring the heat flow of a sample using low-temperature differential scanning calorimetry (LT-DSC). The
LT-DSC test is performed by cooling a powdered hydrated
cementitious material to -80˚C then reheating the material at a slow rate and measuring the heat release due to
phase transformation. Figure 3a provides an example of
a conventionally hydrated cement paste (OPCP) and a
paste (CSCP) that does not contain tri calcium aluminate
or calcium hydroxide which was formed by carbonating a
silicate cement [19].
It can be observed that the OPCP sample shows three
features as it is heated. At approximately -50˚C the eutectic
solid changes phase becoming a highly concentrated salt
liquid (the concentration is the eutectic composition). In
the range between the eutectic temperature to ~ -15˚C (depending on the concentration of salt), the ice that formed
during freezing (pro-eutectic ice) gradually melts resulting
in the second feature in the heat flow curve.
The third feature in the heat flow curve occurs at temperatures approximately 50˚C and are associated with the
formation of calcium oxychloride. By integrating the heat
flow peak associated with the calcium oxychloride, the
total heat released can be obtained (which is related to the
amount of calcium oxychloride that has formed) (Figure

(a)

3b). It can be observed in comparing the OPCP system
(with calcium hydroxide, CH) and the CSCP system (a
system without calcium hydroxide, CH) when CH is not
present, calcium oxychloride cannot form and as a result
the samples do not show damage.
Recent research has suggested that damage associated
with calcium oxychloride (like that shown at pavement
joints) can be avoided in concrete through 1) changes in
the binder composition (use of supplementary cementitious materials, SCM) or 2) the use of a ‘sealer’ that limits
the contact between the salt solution and the calcium
hydroxide. The following section will provide an update
of recent results.
Figure 4 illustrates results from LT-DSC testing on two
cementitious systems where conventional Type I portland
cement systems are compared with those systems containing SCM (20 % Class F Fly Ash, 45 % Slag, and 3 %
silica fume mass replacements). It can be noticed that the
chemistry of the cement has some impact on the amount of
calcium oxychloride that forms, and is presumably due to
the amounts of tricalcium aluminate (C3A) and the ratio of
tricalcium silicate (C3S) to dicalcium silicate (C2S), and the
degree of hydration as this will influence the amount of
calcium hydroxide that is produced.
Testing other samples have shown variations in the
amount of calcium oxychloride that forms depending on
the chemistry of the cement used. It can be noticed that
when SCM are used, there is a reduction in the calcium
hydroxide due to dilution (replacing the cement that
produces CH with an alternate material) and due to the
CH consumption through a pozzolanic reaction with

(b)

Figure 3: a) Typical LT-DSC plot illustrating the heat flow associated with phase changes – notably the phase change associated with formation
of calcium oxychloride and b) the amount of calcium oxychloride that has formed
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Figure 4: An example of the role of cementitious binder on the heat
release associated with the formation of calcium oxychloride

the SCM. For the limited materials used in this study, the
following observations can be made. The calcium oxychloride was reduced to 39%-44% of that of the straight cement
system when 20% Class C fly ash was used. The calcium
oxychloride was reduced to 24%-46% of that of the straight
cement system when 45% slag was used to replace cement.
The calcium oxychloride was reduced to 54%-64% of that
of the straight cement system when 3% silica fume was
used. While the amounts of reduction will vary depending on the concentration and chemical composition of the
components, it can be noticed that in each case the use of
the SCM resulted in a substantial reduction in the amount
of calcium oxychloride formation, which results in less
damage in the concrete.
A testing methodology is being developed to optimize
binder composition to reduce damage [20], and research is
needed to relate the science used in this approach to field
observations. Tests on cored samples with and without a
sealer show that while calcium chloride is present in the
plain cementitious sample, the sealer limits the contact between the salt solution and calcium hydroxide, resulting in
the no appreciable calcium oxychloride being formed [21].
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As previously mentioned, there are two main factors
that contribute to the damage that is observed at joints in
concrete pavements: at low salt concentrations the damage
is primarily that of classic hydraulic and osmotic pressure, while at high salt concentrations the damage can be
associated with alternative forms of damage associated
with phases that form due to the chemistry of the cement and salt being used (e.g., CaCl2 and MgCl2 salt can
result in the formation of calcium oxychloride). Research
to date has focused primarily on examining the cementitious binder in the presence of a single salt; however, in
practice it is common to use more than one salt or to use
salt blends. Ongoing research is being conducted to better
understand the role of blending salts [20].

These results can explain several observations that occur
in the field. For example, this describes the “flaking of
relatively small thicknesses of powder” from the surface
of the saw cut, since the penetration of high concentrations
of salts can be limited due to the filling of pores [22, 23].
Once the calcium oxychloride forms, it can cause damage
that spalls the surface, resulting in the repetition of this
process when new salt solution comes in contact. This also
explains why aggregates are observed to dislodge from
cut surfaces (at saw cut joints) or to “pop out” of the top
surface of the concrete. The formation of calcium oxychloride occurs in the presence of calcium chloride and calcium hydroxide, and, since calcium hydroxide is known to
preferentially form at the interface between the aggregate
and the matrix, this would be expected to occur disproportionately at the aggregate paste interface.
It should be noted that some concrete pavements show
damage from the top of the pavement while other pavements show damage from both the top and bottom of the
pavement. It is hypothesized that the damage that occurs
from the bottom of the pavement can be reduced by improving drainage and using a layer that provides a break
in capillarity that can minimize the sorption of water from
the bottom surface of the pavement.
In pavements damaged from the top of the concrete, it is
anticipated that this damage occurs from salt applied to
the surface and ponding at the joints or low points in the
pavements. To reduce the potential for this damage, the
sealant in the joints should be monitored to make sure it
is intact and not allowing fluid into the joint. Further, it
appears that backer rod creates a space at the base of the
joint where fluid can pond and the practice of using backer
rod should be reconsidered as it may be more effective to
‘fill the joint’ thereby minimizing the space for the deicing fluid to connect. Additional recommendations would
include using more SCMs or using concrete sealants.

Recommendations
A test method has been developed that uses a low temperature differential scanning calorimeter (LT-DSC) to
evaluate the potential reactivity of a cement paste and a
salt solution by measuring the heat associated with calcium oxychloride formation [24]. This method can be used
to optimize the composition of the paste (by altering the
volume of SCM) to minimize the calcium oxychloride that
forms.
The use of supplementary cementitious materials (SCMs;
e.g., fly ash, slag, and silica fume) have been shown to
reduce the formation of calcium oxychloride and damage
when cementitious materials are exposed to deicing salts.
The benefits of SCMs can be linked to the consumption
of calcium hydroxide through a pozzolanic reaction, the
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reduction of calcium hydroxide through dilution (use of
less cement), and the reduction in permeability.
The use of sealers has shown the potential to limit the
interactions between the salt solution and the calcium
hydroxide. As such the use of concrete sealers has the potential to reduce joint damage. While three-year survey has
provided positive results, these sites should be monitored
for a longer time period [25].
Many state highway agencies (SHAs) have limitations on
the use of SCMs due to either the amount of replacement
permitted or the time of the year they can be used (late fall
restrictions). It is the authors’ understanding that these
limits are due to concerns with scaling or slow strength
development. It is proposed that SHAs reconsider these
restrictions for general construction (bridge decks, hand
pours, and sidewalks) separately from restrictions for
concrete pavements. While this may be a valid concern
for high slump mixtures, it may be of less concern for
slip-form pavements. This is due to the fact that slip-form
pavements are very unlikely to scale due to their low
slump, which limits the formation of a weak surface layer
[26] and increased pavement thickness which alters the
temperature gradients [27].
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