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1. INTRODUCTION

The majority of Indiana's roadway pavements are made of Portland cement concrete slabs. Due to
its broad use, the cost of their upkeep and durability is substantial. Premature random transverse
mid-panel cracking has been seen in Indiana on pavements of this sort. This effect has been seen
across a wide range of traffic and weather circumstances. It has also been shown that the cracking
coincides with the lanes being opened to traffic, often within a few months after construction.
Several theories have been proposed to explain why random mid-panel breaking occurs. Two of
these possibilities include use (driving lane vs. moving lane) and sub-grade circumstances.
However, no data from testing or analysis that is exact enough to be reproduced has yet been made
accessible. INDOT altered the form of the concrete slabs in an attempt to solve the issue. However,
it was discovered that the modification had no effect on the fact that the panels were fracturing in
the center.

Time in Actual Hours (AH): The total of the time it took for temperature differences, late joint
cutting, poor curing of PQC, etc. to cause surface cracks in the concrete pavement. Cracks let
water, muck, and debris in, which makes them even bigger. Cracking may also be caused by
shrinkage. Concrete contracts as it dries and hardens. Concrete needs water for the chemical
process that changes its state from liquid or plastic to solid. Hydration is a chemical process that
persists for days or weeks after concrete has been poured.

Regardless of material quality or design, increased vehicle traffic and climate change will limit the
lifespan of any pavement. Understanding pavement degradation mechanisms, particularly in rigid
pavements, might increase their lifespan. Rigid pavement restoration and repair vary by distress.
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Rigid pavement cracks often. Fatigue cracking destroys rigid pavements. The connection between
the modulus of rupture and the flexural tensile stress causes concrete fatigue cracking. Rigid
pavement failure may be caused by a variety of factors, including linear cracking, durability
cracking, corner break, alkali-aggregate reaction, pop-outs, and blowouts.

The most frequent procedures for recovering rigid pavements include fracture filling, fracture
sealing, stitching, diamond honing, dowel bar retrofitting, joint repair, partial-depth repair, and full-
depth repair. Dowel bar retrofitting and dowel bar retrofitting are two further approaches.

The severity of structural fractures is determined by crack width, which is then used to categorise
the cracks.

Thin Cracks:

A crack with a width of 0.5 mm or less is regarded to be rather thin. It is presumed that the
aggregates completely interlock and that the load is being transferred throughout the slab at the
fracture.

Intermediate Crack —

A medium crack has a width between half a millimeter and one and a half millimeters. It is
believed that some load is being transferred inside the slab at the fracture and that there is some
aggregates interlock. Water may enter via gaps like this.

Extensive Crack —

A broad crack is defined as one with a width of more than 1.5 mm. It is assumed that there is no
weight transfer occurring inside the slab at the fracture and that there is no aggregates interlock.
Water and small debris may seep through these fissures.

1.1 Settlement of the sub-base
Initial settlement:

The sub-base settles when it reaches a specific depth, and the soil becomes adequately compacted
when rocks in the soil are crushed (slowly/rapidly).

Continuing settlement:

Sub-base's load-bearing part is still being exposed to constant stress, and the fractures that have
already emerged will likely continue to grow and may eventually compromise the sub-base's
overall stability.

Uniform settlement:
The sub-base may be established consistently in certain circumstances. When this occurs, cracking
may be little or nonexistent.

Deferential settlement:
This indicates that various components of the subbase are settling at varying speeds.

2. Literature Review
Horizontal cracking in Cement concrete pavement is a topic of research papers.

The following are some of the assertions made by Elfino et al. (2001) about horizontal cracking and
the distresses that result:
The delamination may be explained by the parabolic distribution of shear stress in slabs, with the
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peak stress occurring about mid depth.

Perhaps the most important factor is the concrete curling motion brought on by drying and
temperature variations. The delamination at the steel level may be attributable to the difference in
heating and drying shrinkage between the reinforcing steel and the concrete. Curling shrinkage may
be affected by factors like as component choice and quantity.

When a concrete slab delaminates, it splits in half along the line where the reinforcing steel was
embedded. Since the top layer bears the weight of the axles, it may easily be damaged when trucks
drive over it.

To estimate the effects of several design, environmental, and materials variables on the potential for
horizontal cracking, Kim et al. (2004) used theoretical analysis based on horizontal cracking
observed in Texas. These variables included the number of steel layers, temperature variations,
thermal coefficient of expansion, and modulus of elasticity of concrete.

The issue of horizontal silicon die cracking in commercial semiconductor applications was
addressed by Kasem et al. (1987). A glass package with a glass die bonding substance is
susceptible to horizontal fracture. It has been hypothesized that mechanical and thermal stresses
work together to cause the fracture mode.

It is indicative of the lack of awareness with this subject among academics and practitioners that
only two articles were found to discuss horizontal cracking in Concrete pavement. The issue also
calls into question the previous categorization of Concrete pavement distresses brought on by
horizontal cracking.

In the commercial semiconductor application, horizontal cracking also often occurs. The cracking
is mostly caused by thermal stress as well as mechanical stress. A horizontal crack in an electrical
circuit board may be explained in the same way that a fracture might form in a slab of concrete.

S. D. Tayabii et al.

Lockups of doweled joints have been reported due to significant slab movements brought on by
temperature fluctuations, as reported by Tayabii and Colley (1983). Because of this, the concrete
around the dowels might fracture and spall in the middle of the slab.

A fatigue-based structural design technique is provided by Sawan and Darter (1983) in order to
avoid slab cracking on jointed plain concrete pavements. Cracking in standard thickness slabs often
begins at the slab edge and spreads transversely across the slab, according to the findings of
highway field studies. The centre of the slab is often where one may see these fissures.

John M. Armaghani et al.

Armaghani et al. (1987) give experimental data on how temperature and weather affect a concrete
pavement slab. The Florida Department of Transportation's Bureau of Materials and Research
developed a test road using a real Florida road.

Richardson, Armaghani, et al.

Richardson and Armaghani (1987) studied PCC pavement temperature gradients for the Florida
Department of Transportation. For nine months, Gainesville, Florida's 9-inch test pavement
recorded hourly temperatures. Analyzing temperature data computed maximum compressive and
tensile stresses owing to the nonlinearity of the temperature gradient. Due to temperature gradient
nonlinearity, a PCC pavement may fracture or fail, the data show. The test road in Gainesville,
Florida, limited these results. They should not be utilized in different climates, pavement depths,
coarse particles, or foundation materials until additional investigation.

Poblete et al.
Poblete et al. (1991) anticipate slab cracking using data from Chilean Portland cement concrete
pavements.
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Model boundaries match reality. Precision measurements at 21 test parts at regular intervals
showed all slabs had an upward concavity. The pavement slabs' upward concavity may also be
caused by concrete slab surface drying shrinkage in the early hours of hardening. The central
Chilean climatic zone monitored annual moisture warping and temperature curling cycles. This
mechanistic-empirical technique uses a jointed pavement finite element model. When the loaded
axle passes through the transverse joints, the top slab surface and middle slab region have the
maximum tensile stress, according to studies. The core, at the perimeter, also endures severe tensile
strains. The slab's characteristic cracking pattern starts in the middle of the edges and extends
downward and inward before shattering.

Buch and Zollinger.

Buch and Zollinger (1993) investigated relative humidity. A continuous data recorder and humidity
and temperature sensors tracked the specimen's relative humidity and temperature. The humidity
profile shows exterior concrete drying quicker than inside. Concrete's moisture content affects its
strength. Thus, surface drying greatly impacts concrete pavement performance. Monitoring mix
moisture may reduce concrete pavement cracking during construction.

3. Types of Failure and Causes:
The most common types of stiff pavement failures and the factors that contribute to them are
described in this section.

3.1 Fatigue cracking:

Failure due to fatigue in concrete pavement happens when the pavement is exposed to repeated
loads at a load that is less than the load that is required to generate failure in a single application.
We call this impotence "fatigue." Load reduces fatigue damage threshold. Researchers uncovered
many possible causes of pavement fatigue. Heat of hydration, shrinkage, thermal conductivity, and
creep are possible issues. The pavement's tensile stress must be greater than 0.45 otherwise
recurrent loading may enlarge early-age concrete micro cracks and micro voids caused by excess
water in capillary cavities.

As can be seen in figure 1, the first sign of fatigue failure is a weakening of the link between the
aggregate cement paste that exists inside the stress zone. This results in the formation of the first
continuous fractures from the tension face inwards, which in turn produces a reduction in the
effective slab thickness and a gradual shift in the neutral axis. In the end, fractures that go all the
way through the pavement slab form, so separating it into a number of distinct, smaller sections.

e

Figure -1 Flexural fatigue cracks

A high modulus of rupture and homogeneous thickness over the pavement's length are two factors
that contribute to the material's fatigue-resistance. Low heat of hydration, which may be achieved
by the use of blended cements, is also an alternative for controlling micro cracks that have the
potential to grow into full depth fatigue cracks. However, if fatigue fractures appear, restoration is
essential, and might involve extensive work.
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3.2 Faulting:

Faulting is the process through which a slab experiences vertical differential displacement next to a
joint or fracture. Both longitudinal and transverse faulting are possible. In the case of pavements
without weight transfer systems, this is a common occurrence. Slab pumping is the main reason for
faulting. Heat and humidity are two more potential culprits. The most typical kind of faulting
mechanism is pumping, which raises the approach slab above the leave slab. The average value of
faulting becomes detectable at 2.5 mm. Roughness and unevenness in the pavement negatively
impact the quality of the ride and are the primary source of the faulting. When average faulting
exceeds 4 mm, diamond grinding is often used to repair the pavement. To increase the rigidity of
the pavement, diamond grinding is used to remove a thin top layer of hardened PQC (4 to 6 mm)
using closely spaced diamond saw blades. If the faulting is between 4 and 12.5 mm, dowel bar
retrofitting will be needed; if it is more than 12.5 mm, full rebuilding of the slab (full-depth repair)
will be required.

3.3 Failure of Joint Load Transfer System:

A transverse fracture or corner break indicates failure of the load transmission mechanism at the
joint. Dowel bar misalignment and rust are two potential causes of this failure. Tensile stresses are
induced around the dowel bar by the corrosion byproducts, which occupy a specific volume, and
the excess corrosion weakens the dowel bar, which may collapse prematurely under repeated
loading. Dowel bar bending and proximity to the slab edge will cause localized pressures that might
be sufficient to crack the pavement. After the failing joint load transfer system is replaced, the
pavement is typically rebuilt with a full-depth patch at the damaged location.

3.4 Linear cracking:

Slabs are broken into more than two pieces by the linear fissures that run the length of each one.
Panel cracking is another name for the phenomena known as linear cracking. The riding quality of
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the pavement will suffer as a result of linear cracking. Loss of soil support for the pavement may
occur if linear cracking allows moisture movement in the pavement body, which in turn may cause
erosion of the base or subbase. The gaps might spread and fall apart if they aren't sealed. Linear
cracking may be brought on by a variety of factors, including excessive foot traffic, a drastic
change in temperature, the curling of slabs, moisture pressures, or a lack of soil support. Linear
cracks may be repaired using a crack sealer. Full-depth restoration is used to rehabilitate pavement
if linear cracking progresses to panel cracking.

3.5 Corner break:

A corner break or corner crack is a pavement joint that extends to within 200 mm of a slab's
corner. The hole may even go all the way through the slab. High corner loads, lack of soil support,
curling and warping strains, and inefficient load transmission at the joints are all contributors to
corner failure. When a corner is broken, water may seep in, causing the pavement to crack, spall,
and eventually fall apart. Restoring pavement with corner break requires a thorough repair.

4. REPAIR AND RESTORATION OF RIGID PAVEMENTS
Most common methods of rigid pavement repair are discussed in this section
4.1 Crack filling:

Crack sealing is the practice of using a crack filler to seal off fissures in a pavement surface so that
less water and less incompressible material may seep in. Cracks less than 2 mm in width that are
dysfunctional often need to be filled. Cracks are filled using polymer-modified asphalt or low-
viscosity epoxy.

4.2 Crack sealing:

Crack sealing is the process of placing a specific substance into "working cracks" in various
configurations to prevent incompressible material and moisture ingress into the pavement. A
"working crack™ in the pavement is one that expands and contracts by more than 2 millimeters due
to temperature changes. These fissures are running perpendicular to the pavement's longitudinal
axis. A trapezoidal notch, 30—-40 mm deep with somewhat greater breadth at the bottom than at the
top for better interlocking, should be chiseled out of any unsound material along the fracture. After
the notch has been cleaned, a tack coat is applied, and the epoxy resin mortar is used to seal the
notch.
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4.3 Stitching:

This technology may be used to repair and strengthen a cracked pavement while keeping the
aggregate interlock in the affected region intact. Sewing is a method for repairing longitudinal
fissures in slabs. The stitching technique is an option. To overcome the issues posed by the lack of
tie bars, builders must stitch together highway lanes and pavement centerline longitudinal seams.
Cross stitching, slot stitching, and U-bar stitching are the most frequent types of stitching. There
are, however, several more techniques to stitch. Cross-stitching is the technique of choice most of
the time. Drilling holes at an angle, sometimes halfway through the slab, to meet the longitudinal
fissures or fractures is the process of cross-stitching. This is known as "cross-stitching.” After
blowing away any debris with compressed air, epoxy filler is injected into any residual gaps. The
tie bars may be inserted once the excess epoxy has been scraped away using the scraper. Creating
slots of at least 600 mm in length using a slot cutting machine or a walk-behind saw allows for the
creation of slots that are practically perpendicular to longitudinal joints or fissures. Because of this,
the slots may be cut practically perpendicular to the fissures or joints. Before a slot can be utilized,
it must first be cleaned, and then any residual concrete must be removed. After the deformed bars
have been appropriately repositioned and joined in their new places, the backfill material
application, finishing, and curing process may begin. The shear tension of the bent bars in the slot-
stitching process holds the concrete slabs together. It is critical to use high-strength backfill
material, as well as fully consolidate the concrete around the bars and on top of the concrete.

4.4 for diamond polishing The diamond grinding procedure may remove a thin layer of pavement
surface from hardened concrete by utilizing closely spaced diamond blades. It is often used to
preserve or enhance the riding condition of asphalt. It is also used to level construction joints on
newly poured concrete highways that run perpendicular to the direction of movement. When the
blade assembly is pushed over the pavement at a given level, saw-cut grooves are formed in the
surface. Saw-cut grooves offer an evenly textured surface throughout their length, and the uncut
concrete in the grooves crumbles at the same pace as the concrete above the cuts.

5. CONCLUSION AND RECOMMENDATION:

e Recent concrete road construction projects have revealed uncontrolled transverse full-depth
fractures, plastic shrinkage fissures, full-depth cracks near slab culverts, and cracks over
dowel bars, among others. All of these fractures can be prevented or reduced if the site
personnel is aware of the concrete paving stages. During construction, it is simpler and less
expensive to fix problems than after the concrete has hardened.

e It is common practice to make these kind of adjustments inside the control panel itself. If a
fracture with a depth of more than 1.5 millimeters is found within 1-1.5 meters of a
transverse or longitudinal joint, complete depth repair is usually necessary. In order to do
this, the panel has to be cut to its full depth and then reconnected once the previous concrete
has been removed.

e If the panel and the sub-base were repaired using staple pins and cross-bar stitching, this
would assist in preventing the fractures from spreading further. A stitched crack repair is
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conducted so that the fracture may be changed into a knotted warping joint. This provides
the slab with the ability to "hinge™ at that point, which in turn extends the slab’s usable life.

In order to prevent settlements, the thickness of any boulders in the subgrade material must
be less than 75mm, or about a third of the total layer thickness. Subgrade must be free of
any foreign and organic elements. Asper requirements should be adhered to in terms of
compaction for the formation, subgrade, and sub-base.

PQC cracks of any sort must be sealed immediately using authorized materials to prevent or
halt further growth; however, full repair and rectification may be handled at a later time.
Where complete panel replacement is necessary, the sub-base should be replaced at the
same time.
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