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SECTION 1.0 INTRODUCTION

The guidelines included in this document are described briefly below.

1.1 Repair of Jointed Concrete Pavement

This guideline provides details for determining the most appropriate pavement repair method for
Tollway jointed plain concrete (JPC) pavements based on visual condition. As a part of
pavement rehabilitation, repairs often must be made to the existing JPC pavements to improve
the condition of the original pavement prior to placement of an asphalt overlay or concrete
pavement restoration (CPR). Repairs must be selected carefully to ensure that the final
pavement surface is smooth, strong, and durable. Selection of the proper repair method
provides a cost-effective, high-quality roadway.

This document is not intended to provide guidance on the reconstruction of JPC pavements.

1.2 Repair of Continuously Reinforced Concrete Pavement

This guideline provides details for determining the most appropriate pavement repair method for
Tollway CRC pavements based on visual condition. As a part of pavement rehabilitation, repairs
often must be made to the existing CRC pavements to improve the condition of the original
pavement prior to placement of an asphalt overlay or concrete pavement restoration (CPR).
Appropriate selection of CRCP repair types and strategies for both the PCC and the reinforcing
steel will ensure that the pavement surface is maintained in the manner most likely to result in an
efficient, cost-effective, smooth surface for users of the Tollway.

This document is not intended to provide guidance on the reconstruction of CRC pavements.

1.3 Material Transfer Device (MTD) Usage

MTDs are required when placing full-depth Warm Mix Asphalt (WMA) and overlays of existing
concrete. The MTDs ensure that the asphalt binder and surface layers do not experience
segregation as they are placed along the mainline pavement and adjacent full-depth asphalt
shoulders. The MTD also provides a steady flow of material to the paver and may be used to
facilitate placement of other mixtures. By keeping the speed of the paver and the head of material
constant, the MTD contributes to improved pavement smoothness.

The Tollway Special Provision for MTDs allows a device to be used on a concrete pavement with
restrictions with respect to the type of equipment, location relative to the edge of pavement and
strength of the pavement.

These guidelines have been developed to provide a reference should other types of MTDs be
proposed for conditions beyond those referenced in the Tollway SP for Material Transfer Devices.
Requests for allowance of other MTDs should be submitted via the Tollway’'s WBPM system (e-
Builder) with as many details as possible to allow for the most accurate analysis possible.
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The following guidelines are planned and will be added to this document as they become
available.

1.4 Repair of Full-depth Asphalt Pavement (Mainline and Shoulders)

This guideline provides details for determining the most appropriate pavement repair method for
Tollway full-depth hot mix asphalt (FDHMA) pavements based on visual condition. As a part of
pavement rehabilitation, repairs often must be made to the existing FDHMA to improve the
condition of the original pavement prior to placement of an asphalt overlay. Appropriate selection
of FDHMA repair types and strategies will ensure that the pavement surface is maintained in the
manner most likely to result in an efficient, cost-effective, smooth surface for users of the Tollway.

This document is not intended to provide guidance on the reconstruction of FDHMA pavements.

1.5 Repair of Composite Pavement

This guideline provides details for determining the most appropriate pavement repair method for
Tollway composite pavements based on visual condition. As a part of pavement rehabilitation,
repairs often must be made to the existing composite pavements to improve the condition of the
original pavement prior to placement of an asphalt overlay. Appropriate selection of repair types
and strategies for both the underlying PCC and the surface layer HMA pavement components will
ensure that the pavement surface is maintained in the manner most likely to result in an efficient,
cost-effective, smooth surface for users of the Tollway.

This document is not intended to provide guidance on the reconstruction of composite pavements.

1.6 Repair and Maintenance of Tollway Ramp Pavements

This guideline provides details for determining the most appropriate pavement repair method for
Tollway ramp pavements based on visual condition. Appropriate selection of ramp repair types
and strategies for PCC, FDHMA, or composite ramp pavements and the maintenance-of-traffic
(MOT) requirements for each ramp, will ensure that the pavement surface is maintained in the
manner most likely to result in an efficient, cost-effective, smooth surface for users of the Tollway.

This document is not intended to provide guidance on the reconstruction of Tollway ramp
pavements.

1.7 Repair and Maintenance of Toll Plaza Pavements

This guideline provides details for determining the most appropriate pavement repair method for
Tollway toll plaza pavements based on visual condition. Appropriate selection of plaza pavement
repair types and strategies for PCC pavement and consideration of the maintenance-of-traffic
(MOT) requirements for each toll plaza lane, will ensure that the pavement surface is maintained
in the manner most likely to result in an efficient, cost-effective, smooth surface for users of the
Tollway.

This document is not intended to provide guidance on the reconstruction of toll plaza pavements.
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1.8 Repair and Maintenance of Tollway Maintenance Yard Pavements

This guideline provides details for determining the most appropriate pavement repair method for
Tollway maintenance yard pavements based on visual condition. Appropriate selection of repair
types and strategies for maintenance yard pavements will ensure that the pavement surface is
maintained in the manner most likely to result in an efficient, cost-effective, smooth surface for
Tollway maintenance staff and vehicles.

This document is not intended to provide guidance on the reconstruction of Tollway maintenance
yard pavements.

1.9 Evaluation and Management of Tollway Pavements

For the past 20 years, Tollway pavements have been evaluated annually to determine the
Condition Rating System (CRS) for all segments. Monitoring CRS values, as well as the
International Roughness Index (IRI) and remaining service life (RSL), has allowed the Tollway to
better predict long-term pavement rehabilitation and reconstruction needs. The Tollway
Pavement Asset Master Plan (PAMP) contains long-term plans for up to 75-80 years long
documenting the major maintenance, rehabilitation, and reconstruction activities for all mainline
pavements.

Tollway ramp pavements are also evaluated every three years, with the same performance
indicators (CRS, IRI, and RSL) monitored in the same manner as mainline pavements.
Beginning in 2018, the condition and predicted future performance of all Tollway ramp pavements
were collected in a comprehensive Ramp Asset Master Plan (RAMP) for the first time. Regular
updates to the RAMP moving forward will better help the Tollway with long-range planning for
maintenance, rehabilitation, and reconstruction of Tollway ramp pavements in the same manner
as the mainline pavements.

This document provides details on how Tollway pavements — both mainline and ramps — are
evaluated, rated, and managed as part of the Tollway’s overall asset management effort.
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SECTION 2.0 GUIDELINES FOR REPAIR OF
JOINTED CONCRETE PAVEMENT

2.1 Introduction

The objective of this guide is to provide the lllinois Tollway with a method for determining the most
appropriate pavement repair method for jointed concrete pavements based on visual condition.
As a part of pavement rehabilitation, repairs often must be made to the existing jointed plain
concrete pavement (JPCP) to improve the condition of the pavement prior to placement of an
asphalt overlay or concrete pavement restoration (CPR). These repairs must be selected
carefully to ensure that the final pavement surface is smooth, strong, and durable. Selection of
the proper repair method provides a cost-effective, high-quality roadway.

There are a wide range of repair methods available, but for large-scale projects it is wise to limit
the number of methods to be used. This allows the engineers and contractors to become experts
in the methods they use, rather than simply being familiar with a vast array of methods. For the
purpose of this guide, a limited, familiar set of methods is specified. As more methods are utilized
on specific projects, they may be added later.

This guide suggests particular methods of repair. However, to say that for each situation there
is a corresponding correct treatment would be misleading. Inevitably, there will be unique
situations—"grey areas”—where the rules don’t point to a single technique. In many situations,
several repair techniques can vyield successful repairs that will last many years. The final
selection of repair treatments should consider not only the physical, engineering properties of the
existing road and possible repair treatments, but also the construction costs, time constraints, and
availability of materials and qualified contractors.

This guide does not provide detailed specifications or instructions for performing repairs. It is
assumed that proper specifications and techniques will be used. Above all, it is critical that
proper construction practices are used, regardless of which repair technique is used.

2.2 Pavement Evaluation

The first step in determining the proper repair technique for a pavement is to ascertain the
pavement’'s current condition. For the purpose of this guide, we will assume that each slab is
evaluated individually. However, it should be noted that several consecutive slabs with the same
problem may require a different repair technique.

An evaluation of the existing pavement condition is necessary to determine whether certain repair
options, though feasible, are truly the best option. Though one may find hairline, mid-slab cracks
in some locations that seem perfect for dowel bar retrofit, further evaluation of the pavement may
reveal that the overall condition of the pavement makes such a repair less desirable because the
entire pavement may need to be reconstructed.
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To determine the pavement condition, a visual distress survey is required. Each crack within the
slab should be documented by assigning a severity level as well as its location with respect to the
joints. The evaluator should note whether the cracking is transverse, longitudinal, or other, and
categorize it as low, medium, or high severity.

2.2.1 Crack Types

Transverse cracks are predominantly perpendicular to the pavement centerline, and longitudinal
cracks are predominantly parallel to the pavement centerline. Other types of cracking include
corner breaks, which intersect the adjacent transverse and longitudinal joints at an angle about
45° to the direction of traffic, and durability (“D”) cracking, which refers to closely spaced crescent-
shaped hairline cracks that occur adjacent to joints, cracks, or free edges. Figure 1 shows
examples of the various crack types, and Figure 2 shows examples of the various crack cross
sections.

Transverse Longitudinal Crack
Crack L

Shattered “ﬂ\\ —

Slab Corner

Break

Figure 1. Examples of various crack types.

- Crack Width
N Ié_CI‘(.]'Ck Width Spall Width s, —.‘»'»Ilz

| B

Figure 2. Example of various crack cross sections, including spalling.

2.2.2 Crack Severity

Crack severity is based on the width of the crack, the spalling of the crack, and any associated
faulting. Specific descriptions are provided below:

e Low Severity: Width less than 1/8 in, less than 10 percent of the length of the crack has
spalling, and no measurable faulting.

o Moderate Severity: Crack width less than ¥z in, spalling width less than 3 in at any point
along the crack, and/or faulting less than ¥z in.
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e High Severity: Crack with greater than % in, spalling greater than 3 in at any point along
the crack, and/or faulting greater than % in.

Figures 3 through 6 are photographs of low-, moderate-, and high-severity transverse cracks in
JPCP. Slabs that are broken into four or more pieces are considered shattered slabs.

Figure 3. Low-severity transverse crack (full lane width).
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Figure 4. Moderate-severity transverse crack (full lane width).
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Figure 5. High-severity transverse crack (full lane width).
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Figure 6. Shattered slab.

In some cases, nondestructive testing (NDT) may be needed to determine the condition of the
underlying base layer to make sure that JPCP repair techniques are appropriate. Additionally,
cores may be needed if thickness information is unknown or questionable.

2.2.3 Surficial Distress

In addition to cracking, there could be isolated surficial distress in the concrete pavement. The
distress is typically seen adjacent to expansion joints (Figure 7) and at locations of damaged lane
markers (Figure 8). This type of distress is not considered to have a significant effect on the
structural integrity of the pavement, but it will affect ride quality.
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Differntial Surface Elevation

Figure 7. Surficial distress adjacent to expansion joint.

Damaged Pavement Marking

Figure 8. Damages lane mark by pavement distresses.

2.2.4 Repair Methodology

Once the pavement condition is known, the density and location of the cracking should be
examined by, or reviewed with, Tollway Engineering. The best repair technique for a slab may
be affected by the specific location and density of the cracks in a particular area. However, all
factors that could affect the repair should be considered in each area. In some instances, the
most appropriate repair method may have more to do with constructability.
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Evaluation of the repair technique does not stop once a treatment has been specified. It is also
necessary to monitor the repair projects as they are performed. New information may come to
light while the construction work is underway that would require the method or extent of repairs
to be modified. An example of this is base repair under a slab repair. Once the concrete is
removed, extensive base failure may be encountered. Potential base restoration or repair
methods will need to be specified and executed immediately. It is even possible that the repair
will need to be cut back further to expose additional base area for excavation, infill, and
compaction prior to placement of the patch, or pressure injection of expanding polymer may be
required under adjoining pavement slabs after patching to stabilize the surrounding base. Proper
engineering oversight of JPCP repairs is essential to ensure a high-quality final product.

2.3 Repair Technique Selection

While there are many repair methods and variations on those methods, the list of Tollway
recommended repair strategies in this document is limited to those in common use and known to
have good pavement performance. Table 1 summarizes repair types and their expected service
life.

Table 1. Repair types and expected service life.

Repair Type Expected Service Life (years)
Dowel Bar Retrofit (in 20-ft joint spacing) 5-15

Surficial Partial Depth Patch 5-10

Surficial Partial Depth Pavement Spot Patching Similar to adjacent pavement
Diamond Grinding (small segments) 5-8

Diamond Grinding (large area) 7-10

Dowel Bar Retrofit (in 15-ft joint spacing) 10- 15

Full Depth Patch (Accelerated, Precast or Standard) 10-20

Slab Replacement (Accelerated, Precast or Standard) 10-20

Slab Jacking/Undersealing 10-20

The appropriate repair should be selected carefully, based on all available information. Alternate
methods not discussed in this guide may be used. In these cases, as with all repairs, it is
necessary to ensure that the selected repair method mitigates the visible cracking and addresses
the cause of the cracking.

2.3.1 Load Transfer Restoration (Dowel Bar Retrofit)

Load transfer restoration should be performed per the Tollway special provision for dowel bar
retrofit, which is provided in Section 1.4. Load transfer restoration is appropriate in the following
conditions:

e Low- to moderate-severity transverse cracks located away from joint
¢ No signs of base distress
¢ No significant faulting
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Load transfer is the ability of a joint (or crack) to transfer a portion of an applied wheel load from
one side of the joint/crack to the other side. Joint load transfer can be achieved by a combination
of aggregate interlock, mechanical transfer devices (such as dowel bars), and a stable base.

When a slab cracks, the slab effectively acts as two separate slabs. In a jointed plain concrete
slab, the sources of load transfer across cracks are aggregate interlock and the base course
support. As a crack deteriorates, load transfer from aggregate interlock decreases, eventually
leaving only the load transfer provided by the base course.

Load transfer is just as important across a crack as it is across a joint. In the early stages of a
crack’s life, the aggregate interlock will transfer the load across the crack, and restoring load
transfer using such methods as dowel bar retrofit can assure that load transfer doesn’t degrade
as the crack opens up. If mitigation is applied while there is still some aggregate interlock across
the crack, then significant cost savings can be realized by using load transfer restoration.

Whether by dowel bar retrofit or by other means, for load transfer restoration to be cost-effective
the pavement must meet several criteria:

e The pavement should have a considerable remaining service life and structurally adequate
slab thickness.

e The surrounding concrete must be otherwise sound. If the surrounding concrete or base
is not sound, the removal and replacement methods along with appropriate base
restoration procedures must be used. Otherwise, continued deterioration of the area will
negate any benefits of load transfer restoration.

e Areas with faulting in excess of ¥ inches should not be considered for load transfer
restoration. In this case, remove and replace methods should be used to allow
investigation of the base during repair.

o Load transfer restoration should be considered primarily for low- to moderate-severity
cracks that are located away from the joints of the slab (not within 4 ft of the joint).

e Load transfer restoration should not be considered if there is evidence of possible
underlying base problems.

e Any transverse crack that is exhibiting a medium-to-high level of spalling (even if the crack
is tight) should be repaired with full-depth concrete to ensure that the “working” of the
crack has not compromised the base material.

e Any signs of pumping (discharge of base or subgrade material from the crack) should
preclude the site from consideration for load transfer restoration. Full-depth pavement
repair or full slab replacement must be used so that the base can be exposed and repaired
as necessary.

As discussed previously, a crack in a slab will act in much the same way as a joint. Repairing
the crack by load transfer restoration enhances this behavior. It is crucial to ensure that the
dowel bars are placed with proper alignment, greased, and capped so that that this new “joint”
does not lock up and cause additional cracking at a later time. Greasing or lubricating allow dowel
bars longitudinal movement in the concrete. End caps provide a gap between dowel bar and
concrete to accommodate volume changes in concrete occurs due to moisture and temperature.

Care should be taken during construction of dowel bar retrofits to ensure that the proper grout is
used and that the crack channels are sealed after cutting to prevent grout from flowing away from
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the dowels as specified in the attached special provision. Once load transfer restoration has
been completed, the new “joint” should be inspected. If the grouting material is left high in the
slots, diamond grinding or other suitable methods should be used to improve ride quality over the
repair site. Once the dowel bar retrofit operation is complete, the remainder of the crack should
be filled with crack filler in accordance with Tollway specifications to prevent water and debris
from entering.

2.3.2 Surficial Partial-Depth Pavement Spot Patching

Partial depth repair restores localized surface distresses, which do not extend beyond half of the
pavement thickness in depth. This repair consists of partial depth patching at spot locations of
isolated surficial pavement distress of an area or spalling that exceeds 4 inches in both width and
length; does not exceed 18 inches in any one direction, and is greater than 2 inches in depth at
any point within the area but not greater than half the pavement thickness in depth. The distress
is typically seen adjacent to expansion or construction joints (spalls and corner breaks) and at
locations of a removed or delaminated Raised Pavement Lane Marker (RPM). This work does
not apply to extended length repairs of spalled joints, only to spot repairs within the specified limits
for size.

2.3.3 Slab Repair (Full-Depth or Surficial Partial-Depth Repair)

Slab repairs should conform to lllinois Department of Transportation (IDOT) and/or Tollway
standards. Standard cast-in-place concrete repair procedures should be in accordance with
Section 442 of the IDOT Standards for Class B Patches. Precast concrete repairs should be in
accordance with the Tollway special provisions for precast replacement of concrete pavements.
Accelerated cast-in-place concrete repair procedures should be in accordance with the Tollway
special provisions for accelerated concrete pavement repair. Slab repair is appropriate in the
following conditions:

¢ Moderate- to high-severity transverse cracking.
o Effective repair area is significantly less than slab size.
o Effective distance between repairs is sufficient to allow efficient construction staging.

If load transfer restoration is not an option for any reason, slab repair should be considered.

Pavement slab repairs cannot be used to restore or repair an existing pavement joint. If the
repair limit falls within 3 ft of an existing pavement joint, the repair should be extended beyond
the pavement joint by 1 ft, thereby replacing the existing pavement joint. This condition generally
exists when the crack location is within 6 ft of an existing joint. Figure 9 shows an example of a
crack whose repair should include replacement of the joint. All repairs should extend the full
width of the slab(s).
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Figure 9. Crack requiring joint replacement.

Partial-depth repairs need to be considered if slab deterioration is located primarily in the upper
one-third to upper one-half of the slab and the existing load transfer mechanisms are still
functional.

Pavement distress that can be successfully corrected by using partial-depth repair
includes:

e Spalling generated by the intrusion of incompressible materials into the joints.

e Spalling caused by poor compaction, inadequate curing, or improper finishing.

e Spalling caused by weak concrete and reinforcing steel located too close to the surface
or at locations where pavement markers have debonded from the concrete.

Concrete pavement distresses that are not candidates for partial-depth repair include:

e Spalling because of dowel bar misalignment or lock-up.

¢ Spalling of transverse or longitudinal cracks generated by shrinkage, fatigue, or foundation
movement.

e Spalling caused by D-cracking or reactive aggregate.

With full depth repairs, care must be taken during removal to ensure that the adjacent pavement
is not damaged. Full-depth saw cuts and careful removal techniques must be used. Once the
base is exposed, it should be inspected for deficiencies. Fouled aggregate base, unstable base,
and other pavement base problems must be resolved prior to concrete placement. Only after
the base has been repaired and prepped should placement proceed. All repairs must be
doweled, tied, and placed in accordance with Tollway specifications. Care must be taken to
ensure that all materials and workmanship comply with Tollway standards.

Dowel and tie bars (as specified) should be drilled and epoxied into the sawn faces of the joints
to ensure stability and load transfer between the repair and the adjacent slabs. The exposed
dowel bar ends should be lightly greased in accordance with specifications to avoid joint lock-up.

If the repair elevation is too high after completion of repair and curing, diamond grinding should
be used to smooth out the joints. All necessary joints should be saw cut and sealed after repairs
are complete and required curing has occurred.
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2.3.4 Diamond Grinding

Diamond grinding may be used to alleviate faulting or other ride quality issues if it can be
established that the area in question is structurally sound. These situations typically are
encountered at joints or slab repairs where the material was placed with bumps, or mid-slab where
grade control was not proper or in compliance with contract specifications. Diamond grinding
may be used to remove small amounts of material (less than 0.5 inches) to restore ride quality
without making a significant impact on overall pavement thickness. Surface variations which
exceed specified tolerances shall be marked by the Engineer and removed by the Contractor with
an approved grinding device consisting of multiple saw blades.

2.3.5 Full Slab Replacement

Slab replacement can be achieved by either cast-in-place methods in accordance with Section
442 of the IDOT Standards for Standard Class B Patches or in accordance with the Tollway
special provision for accelerated full depth patching of concrete pavements; or precast methods
in accordance with the Tollway special provision. Full slab replacement should be used when
any of the following conditions exist:

e Ten or more consecutive slabs require repair.

o Aslab is shattered (slab broken into four or more pieces).

e Slab repair costs exceed slab replacement costs for a given stretch of pavement.

e Any slab would, after repair, have remaining interior intact sections less than 6 ft long or
remaining intact sections off transverse joints of less than 4 ft. long.

If 10 or more consecutive slabs will be repaired, full slab replacement may be a cost-effective
construction method. Also, despite best efforts to achieve a smooth transition between repairs
and existing pavement, some differential may exist. Placing a large number of slab repairs in a
small area may result in an uneven surface and poor ride quality.

Site conditions, time constraints, and available resources may make slab repairs or full slab
replacement more or less desirable. With either method, applicable standards and sound
construction practices must be used at all times to ensure that the final product is acceptable and
durable.

Care must be taken to ensure that the adjacent pavement is not damaged during the removal of
existing concrete. Full-depth saw cuts must be used at all times. Overcuts should be cleaned
and treated. Once the base is exposed, it must be examined to determine if base repairs are
necessary. All base repairs must be made prior to prepping the base for placement of new
concrete.

Dowel and tie bars (as specified) should be drilled and epoxied into the sawn faces of the joints
to ensure stability and load transfer between the repair and the adjacent slabs. When using cast-
in-place slabs, all joints should be sawed and sealed once concrete has cured. All materials and
work practices must meet applicable Tollway specifications. If final patch elevations are found
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to be too high after completion of slab replacement, diamond grinding should be used to smooth
transitions as necessary.

2.3.6 Slab Jacking/Under-sealing

Slab jacking should be performed per the Tollway special provision. Slab jacking/under-sealing
is appropriate in the following conditions:

e Otherwise intact slabs are vertically misaligned (settlement).
o Base stabilization under intact slabs is required, as determined by visual observation of
eroded base or analysis of Falling Weight Deflectometer (FWD) data.

Areas that exhibit excessive faulting, dipping, or other vertical slab alignment issues, but are
otherwise sound and intact, can be considered for slab jacking. In slab jacking, a polyurethane,
grout, or epoxy is injected under the affected slabs to raise the elevation of the slab to the desired
height. Care must be taken to ensure that the desired effect is achieved and that adjacent areas
are not adversely affected.

Slab jacking/under-sealing can be combined with load transfer restoration if a section has only
low-severity cracks. The load transfer restoration should be performed prior to the slab
jacking/under-sealing.

The effectiveness of slab jacking depends on closely monitoring the amount of lift being performed
at any one location. Itis very important that the slab not be lifted more than 0.25 inches at a time
to prevent the development of excessive stresses in the slab.
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2.4 Jointed Plain Concrete Pavement — Special Provisions

The text from the special provisions is provided in this section for convenience and may not be
the most up-to-date version. Contact the Tollway for the current version of the special provisions.

2.4.1 Precast Replacement of Concrete Pavement Slabs (lllinois Tollway)

Description. This work shall consist of:

e Removal of existing concrete pavement.

e Restoration of the subbase material.

e Installation of precast concrete pavement slabs in accordance with the contract
documents.

e Sealing of joints at locations designated by the Engineer, or as shown in the Plans, or
described in the Special Provisions.

The precast slab system selected must be approved by the Tollway based on compliance with
the Special Provision for Precast Concrete Pavement Slab Systems.

Figure 10. Schematic of precast concrete panel with dowel bars.

Materials. The materials must meet the requirements of the Special Provision for Precast
Concrete Pavement Slab Systems.

Construction Requirements.

1. General. Pavement areas to be repaired will be delineated by the Engineer using spray paint
furnished by the Contractor. Any areas of pavement removed and replaced outside the limits
established by the Engineer shall be done entirely at the Contractor’s expense. After removal
of the concrete pavement, stabilized subbase, and the top 2 inches of any porous granular
subbase in a repair area, the Engineer shall determine the suitability of the existing subbase
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material and the steps necessary to restore the subbase in accordance with the special
provision for “Aggregate for Base Course Restoration, Special.”

2. Meetings. Convene a pre-placement meeting 7 to 14 calendar days before the planned start
of slab installation with the Engineer, manufacturer, supplier, system designer, and any
relevant subcontractors to review and coordinate all aspects of pavement removal, placement,
and inspection, including equipment and personnel requirements. Install slabs to the line and
grade depicted in the contract documents £ ¥ inch.

3. Technical Assistance. Several processes in this specification are performed in accordance
with the system designer’s instructions. The system designer must supply on-site technical
assistance at the beginning of the installation until the Engineer determines the assistance is
no longer required. Provide approved system designer instructions to the Engineer at least 30
calendar days before starting work associated with slab installation.

4. Weather Limitations. Article 420.07 of the Standard Specifications shall apply.

5. Pavement Removal. If the limits of a repair area are marked on existing contraction joints,
no sawing of the existing pavement will be required.

Equipment and methods used for removing old pavement shall be such as to prevent cracking,
shattering or spalling of the pavement remaining in place. Should the remaining pavement
be damaged by this operation, the Contractor shall immediately change equipment and/or
methods to prevent damage to any more pavement. Care shall be exercised in the removal
of the pavement to prevent damage to load transfer devices, tie bars, or adjacent concrete
surfaces or edges in portions of the pavement that are to remain in place. Adjacent pavement
or bars damaged as a result of the removal process shall be replaced at the Contractor’s
expense to the satisfaction of the Engineer.

6. Disposal of Excavated Materials. Materials resulting from the removal of concrete pavement
and materials removed for base course restoration, as required, shall be disposed of by the
Contractor at his expense, in accordance with the applicable portions of Article 202.03 of the
Standard Specifications.

7. Subbase Course. The subbase shall be prepared to the requirements of Special Provision
“Aggregate Subgrade, 12-inch” for new construction and add-on lanes. For pavement repair
over dense graded capping aggregates, any areas of a dense graded subbase that are below
the required elevation of the finished subbase, due to the Contractor’s operations in breaking
or removing old pavement, shall be built up to meet the level of the surrounding subbase to
the satisfaction of the Engineer in accordance with the contract documents at the Contractor’s
expense. For repairs over porous granular subbase, or if the Engineer determines that the
existing granular subbase is unsuitable for the intended purpose, the Contractor shall remove
the unsuitable material in the pavement removal areas to the depth specified by the Engineer
(not less than 2 inches) and replace the material removed with an equal thickness of new
material placed and compacted in accordance with the requirements of the Special Provision
for “Aggregate for Base Course Restoration, Special.” Follow the system designer’s
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instruction for any final subbase preparation prior to slab installation. Do not disturb the
prepared surface before installation.

8. Slab Installation. Install the slabs in accordance with the system designer’s instructions.
Set grade-supported slabs to achieve maximum contact with the prepared subbase.

9. Joints. Submit a proposed joint layout with the Fabricator Working Drawings, submitted in
accordance with the Special Provision for “Precast Concrete Pavement Slab Systems.” Align
joints both transversely and longitudinally between abutting precast slabs, i.e., do not stagger
joints, except where approved on the joint layout. When tying precast slabs to existing
concrete pavement, such as an add-on lane, joint alignment is not required. However, do
not drill and anchor longitudinal joint ties within 16 inches of a transverse joint in the existing
pavement.

10. Joint Widths. For pavements remaining concrete surfaced, install slabs such that joint widths
are less than % inch, regardless of joint orientation. These dimensions apply to joints
between adjacent precast slabs or joints between precast slabs and existing pavement.

11.Bed and Level Slabs. Bed and level slabs in accordance with the system designer’s
instructions such that the vertical differential across any joint is ¥4 inch or less.

12. Backfill Pavement Hardware. Backfill around pavement hardware in accordance with the
system designer’s instructions.

13. Smoothness (Pavements Remaining Concrete Surface). Article 420.10 of the Standard
Specifications shall apply.

14. Opening to Traffic (Grade-Supported Slabs). It is highly desirable to open precast slabs to
traffic after the following:
e The backfill material around the pavement hardware obtains 2,500 psi compressive
strength.
e The bedding and/or slab leveling materials obtain 300 psi compressive strength.
e The joints are sealed in accordance with Article 420.12 of the Standard Specifications.

Slabs may be opened before backfill material and/or bedding grout/slurry is placed. In this case,
backfill material and bedding grout/slurry must be placed within 24 hours of the first slab’s
placement. Remove and reset any slabs having a vertical differential greater than ¥ inch across
any joint.

The longer slabs are opened to loads before backfilling and grouting, the greater the potential for
slab movement. Schedule work to minimize the amount and duration of ungrouted slabs open
to traffic.
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15. Opening to Traffic (Grout-Supported Slabs). Open precast slabs to traffic after the following:

¢ The backfill material around the pavement hardware obtains 2,500 psi compressive
strength.

e The bedding and/or slab leveling material obtains sufficient strength to support loads
without deflection.

e The joints are sealed in accordance with Article 420.12 of the Standard Specifications.

Slabs may be opened before backfill material around the pavement hardware has been placed.
In this case, backfill material must be placed within 24 hours of the first slab’s placement.
Remove and reset any slabs having a vertical differential greater than ¥ inch across any joint.

The longer slabs are opened to loads before backfilling, the greater the potential for slab
movement. Schedule work to minimize the amount and duration of ungrouted slabs open to
traffic.

Method of Measurement. PRECAST REPLACEMENT OF CONCRETE PAVEMENT SLABS will
be measured for payment in square feet of the area of slab delivered and placed, and accepted
in accordance with the Contract.

Reinforcement and other such items incidental and necessary to provide complete assemblies,
as shown on the Plans, will not be measured separately for payment.

Basis of Payment. Payment for PRECAST REPLACEMENT OF CONCRETE PAVEMENT
SLABS, measured as specified above, will be made at the Contract unit price per square foot,
which payment shall constitute full compensation for saw cutting and removal of existing
pavement, disposal of excavated materials, furnishing all materials required for the slab, including
concrete, reinforcement, inserts, and other embedded metalwork; for delivering the slab to the
designated sites; for unloading, erection, and placement into the pavement including all labor,
equipment, tools, and other incidental necessary to complete this item as specified, including
technical assistance from the system designer.

The cost of work and material involved to perform any necessary restoration to the existing
subbase shall be included in the contract unit price bid for AGGREGATE FOR BASE COURSE
RESTORATION, SPECIAL.

2.4.2 Slab Jacking, Special (lllinois Tollway)

Description. This work shall consist of the mixing and placing of high-density polyurethane slurry
injected under pressure through holes cored into the existing slab or formed in the precast slab
to restore the slab to its intended elevation as indicated on the plans and/or as directed by the
Engineer. This work shall include drilling or forming injection holes, placing of the material,
testing and surveying to control the lift of the pavement, cleanup, and other related work. Any
alternate procedures for slab jacking must be submitted to the Engineer for review and approval.
In the event that an alternate procedure is proposed, the Contractor must provide to the Engineer
detail of the materials, equipment, and construction methods required.
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Materials. The material used for raising the concrete slabs shall be high density polyurethane
slurry exhibiting the following characteristics:

Density (KG/M3) ASTM D 16822.....ccoeeiiiiiiiiie et 33.639
Tensile Strength (KPA) ASTM D 1623.......coooviiiiiiiieiiiieiiiiiiiieisiieeeieenneneinneenes 372
S (ol Lo = a Lo TN ) 5.1
Compressive Strength (KPA) ASTM D 1621 (at Yield) .......ceeveeieiiiiiiiiiieneee. 324
(G = Tod (o T Y1, | TP 0.018
Volume Change (% of Original) ..........ooouuiiiiiii e 0

Equipment. A list of all lifting equipment shall be submitted to the Engineer for review and
approval. A list of the minimum required equipment is given below. This list is not all-inclusive
and does not preclude the use of additional equipment.

1. A pneumatic drill capable of drilling 15-millimeter (19/32-inch) diameter holes through the
slab.

2. Atruck mounted pumping unit capable of injecting the polyurethane between the concrete
and slab subbase. The pump shall be capable of controlling the rate of rise of the
pavement.

3. A leveling unit to ensure that the slabs are raised to an even plane and to the required
elevation as shown on the plans or as approved by the Engineer.

Field Survey and Grade Determination. The Contractor shall perform adequate surveys of the
areas to be raised to determine that the existing profile grade line elevations are in agreement
with the existing field survey. The Contractor shall use the existing data as a guideline and shall
verify it with his own data to develop and present to the Engineer a proposed revised profile grade
line. The revised profile grade line shall be approved prior to the start of any work on an area
designated to be raised. The approved profile grade line shall then be used to guide the leveling
of each area proposed to be raised.

Construction Methods. The Contractor shall drill or form the approved diameter holes, 15-
millimeter (19/32-inch) minimum, at a spacing not to exceed 2 meters (6 feet) in any direction. A
proposed hole layout pattern is shown in the Plans. Should the Contractor propose changes to
the layout, the Contractor shall submit a revised hole layout pattern to the Engineer for review.
These holes shall be of sufficient depth to penetrate through the concrete pavement, or deeper if
directed by the Engineer. Penetration of the subgrade shall not exceed 75 millimeters (3 inches).
For holes nearest the edge of the pavement slab, the slab joints, or a major crack, the holes may
be relocated up to 75 millimeters (3 inches) from the precise locations of the hole. For all other
hole locations, a relocation of up to 150 millimeters (6 inches) is acceptable. The drills shall be
rotated to avoid cracking the pavement and to provide satisfactory holes of the proper diameter
for effective operations. The equipment shall be in good condition and operated in such a
manner that the holes are vertical and satisfactory for use. Unsatisfactory holes shall be filled
and new holes shall be drilled.
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The Contractor shall exercise sufficient care to ensure the slabs are not cracked or broken. Any
slab that develops a crack that extends through the drill hole will considered to have been
damaged during the process of the work and it shall be either repaired or replaced at no cost to
the Tollway. Repair or replacement will be in accordance with techniques approved by the
Engineer.

No more holes shall be drilled during a day’s operations than can be filled during the same day,
unless specific approval has been given by the Engineer. The polyurethane material shall then
be injected under the slab. The amount of rise shall be controlled using the pumping unit, by
measuring the rate of injection of the polyurethane material. The Contractor shall be responsible
for any excessive or uneven pavement moving, and shall replace or repair any damaged areas
as directed by the Engineer.

After the injection nozzle has been removed from the hole, any excessive polyurethane material
shall be removed from the area and the hole sealed with the polyurethane material and non-
expansive grout.

Work on this item shall not be performed when the pavement surface temperatures are below
1°C (34°F) or if the subgrade and or base course is frozen.

In the event the Engineer determines that continued material placement at any specific location
is no longer economically feasible, he may direct the Contractor to cease work at that location.
The Engineer will have the authority to modify the number of locations of work if excessive cost
overruns are encountered.

The construction methods outlined above may be modified by the Engineer as field conditions
dictate.

The pavement, including adjacent shoulders, shall be cleaned to the satisfaction of the Engineer
prior to placement of traffic in the work area.

Method of Measurement. SLAB JACKING, SPECIAL will be measured by weight of
polyurethane material placed beneath the slab as indicated by measuring devices at the pumping
unit.

Basis of Payment. Payment for SLAB JACKING, SPECIAL, using high density polyurethane
slurry, measured as specified, will be made at the Contract unit price per pound, which payment
shall constitute full compensation for furnishing all labor, equipment, tools, and incidentals and
doing all the work in raising existing Portland cement concrete pavement or precast slabs as
shown on the Plans, as specified in these specifications and as directed by the Engineer.

2.4.3 Dowel Bar Retrofit (lllinois Tollway)

Description. This work shall consist of furnishing and installing epoxy coated round steel dowels
into existing concrete pavement across transverse joints and/or cracks, in accordance with this
Specification, at locations shown in the Plans and/or as directed by the Engineer. This work shall
include sawing channels into the pavement, cleaning the channels, placing dowels into the
channels, filling the channels and transverse joints with adhesive, cleanup and other related work.
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Materials.

(a) Dowels. The dowel bars shall consist of a smooth, round, epoxy and bond breaker coated 18-
inch long, 1.5-inch diameter steel dowels meeting the requirements of Article 1006.11(b).

(b) Bond Breaker. Acceptable bond-breaker compounds include white pigmented curing
compound or other approved bond breaker materials.

(c) Expansion Caps. Use tight-fitting, commercial quality end caps made of a non-metallic, non-
organic material that allows for %2 inches of movement at each end of the dowel bar.

(d) Dowel Bar Support Chairs. Use chair devices for supporting the dowel bars that conform to
the epoxy-coated steel requirements of ASTM A 884. Dowel bar chairs are used to firmly
hold the dowels centered in the slots during backfill operations. The dowel bar chairs must
hold the bar a minimum of ¥z inch above the bottom of the slot while the backfill material is
placed and consolidated.

(e) Foam Core Insert. A foam core insert shall be used to re-establish the joint or crack
consisting of rigid Styrofoam material or closed cell foam, faced with poster board or plastic
material.

(f) Caulking Filler. Caulking filler used for sealing the existing transverse or crack at the bottom
and sides of the slot shall be concrete sealant that is compatible with the patch material being
used.

(g) Non-Shrink Concrete Backfill Material. Use concrete backfill material tested as Rapid Set
Concrete Patching materials per AASHTO and which conforms to ASTM C 928. Use material
that: (1) provides a compressive strength of 4,000 psi in 24 hours (opening to traffic after 3,000
psi) per ASTM C 39; (2) exhibits expansion of less than 0.10 percent per ASTM C 531; and
(3) has a calculated durability factor of 90.0 percent minimum at the end of 300 freeze-thaw
cycles per ASTM C 666. Provide a concrete mix design to the Engineer 30 days prior to any
placement operations.

Submittals. Submit samples to the Engineer for approval prior to the installation of the following
items:

e Dowel bars

o Dowel bar chairs

o Dowel bar end caps

e Backfill material

e Aggregate for extension of backfill

Submit the material samples, except for the backfill and aggregate, at least 10 days prior to use.
Submit backfill material and aggregate used for extension 30 days prior to use.

Drawings. The proposed location of the dowel bars is shown in the Plans. Before any fabrication
is started, the Contractor shall prepare and submit shop drawings and/or catalogue cuts to the
Engineer for approval, in accordance with the provisions of Article 105.04 of the Tollway
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Supplemental Specifications. The shop drawings shall give full detailed dimensions and sizes of
the channels to be sawed and the dowel bar retrofit.

Construction Methods. Install dowel bars in the existing Portland cement concrete pavement as
shown on the Plans and in the Specifications.

(a) Saw Cutting. Make two saw cuts in the pavement to outline the longitudinal sides of each
dowel bar slot. Saw to a depth and length that allows the center of the dowel to be placed at
mid-depth in the pavement slab. Saw slots parallel to each other and to the centerline of the
roadway with a maximum tolerance of ¥ inches per 12 inches of dowel bar length. Skewed
joints or cracks may require slots longer than the length specified in the plans. Remove water
and residue immediately after sawing.

(b) Concrete Removal. Remove the concrete remaining between the saw cuts. The materials
shall be removed with a maximum of a 30-Ib jackhammer or with hand tools. If the concrete
removal operations cause damage to the pavement that is to remain, discontinue concrete
removal operations and only resume after taking corrective measures. Repair or replace
pavement damaged during concrete removal operations at no additional expense to the
Tollway. The bottom of the slot must be flat and level. Dispose of any concrete removal
debris.

(c) Slot Cleaning and Preparation. Sandblast all exposed surfaces in the dowel bar slot to remove
saw slurry and debris such that clean aggregate is exposed. After sandblasting, clean the
slot by blowing with moisture-free, oil-free compressed air having a minimum pressure of 150
psi to remove any dust, residue or debris left in the slot.

(d) Sealing Joints and Cracks in Slot. Seal the existing transverse contraction joint and/or all
cracks at the bottom and the sides of the dowel bar slot with an approved caulking filler to
prevent any of the backfill material from entering these areas. Prior to sealing, ensure that
surfaces receiving the caulking filler are clean and free of moisture. Do not extend the
caulking filler beyond 3/8 inches of each side of the existing joint or crack.

(e) Placing Dowel Assembly in Slot. Prevent contamination of the cleaned slot before or while
placing dowel assemblies to limit the potential of bonding loss with the backfill material. Place
the dowel bars to within 0.5 inches of the midpoint of the slab. Ensure that the bar is parallel
to both the traffic lane centerline and the top of the roadway surface within a tolerance of %
inch per 12 inches of dowel bar length. Center dowels at the transverse joint or crack such
that at least 7 inches of the dowel extends into each adjacent panel. Cease and adjust
operations if the chairs do not hold dowel bars securely in place during placement of the
backfill material.

Place a foam core insert at the middle of the dowel bar and 2 inches below the surface of
pavement. Place insert so it covers the existing transverse joint or crack and is capable of
remaining in a vertical position, tight to all edges during backfill placement operations. Re-
establish the joint or crack above the foam core insert within 4 hours of backfill placement by
means of sawing when the backfill material has hardened sufficiently.
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() Mixing and Placing Backfill Material. Mix backfill material in accordance with the
manufacturer’s instructions and the specifications. Refer to manufacturer’s information on
handling, mixing, and placing backfill material.

Fill each dowel bar slot with backfill material after placement of the caulking filler, the dowel bar,
expansion caps, support chairs, and the foam core insert. Ensure that the foam core inserts
remain upright and over the existing joint or crack during the backfill process. Vibrate the backfill
material with a small hand held vibrator capable of thoroughly consolidating the backfill material
into the slot around the dowel bars and support chairs.

Slightly overfill the slot and finish the surface of the filled slot level with the existing concrete.
Cure backfill material in accordance with the manufacturer's recommendations. Apply curing
compound within 60 seconds after placing the backfill material.

Method of Measurement. DOWEL BAR RETROFIT will be measured for payment by each dowel
bar assembly installed.

Basis of Payment. Payment for DOWEL BAR RETROFIT, measured as specified, will be made
at the Contract unit price per each, which payment shall constitute full compensation for furnishing
all labor, material, tools, equipment, and incidentals involved in placing dowel bar retrofit,
complete in place as shown on the Plans, as specified in these specifications and as directed by
the Engineer.

2.4.4 Accelerated Portland Cement Concrete Pavement Patching (lllinois
Tollway)

Description. This work shall consist of the removal of existing concrete pavement, restoration of
the subbase material, the replacement with type of patch specified at designated locations, and
the sealing of joints at locations designated by the Engineer, or as shown in the Plans, or
described in the Special Provisions. The removal and replacement patching shall be performed
within weekend lane closures or within lane closures as specified in the contract to allow for the
specified minimum cure time.

This work will be classified as follows.

Accelerated Class A Patches: Pavement Removal and Continuously Reinforced
Portland Cement Concrete Replacement

Accelerated Class B Patches: Pavement Removal and Portland Cement Concrete
Replacement Using Dowels or Tie Bars

Accelerated Class C Patches: Pavement Removal and Portland Cement Concrete
Replacement

Materials. The lllinois Tollway Class AX portland cement concrete used for this special provision
shall be in accordance with the Performance Related Special Provision for High Early Strength
Cast-In-Place Concrete. All other materials for cast-in-place patching shall comply with Article
442.02 of the Standard Specifications except as modified herein.
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Add the following to Article 442.02 of the Standard Specifications:
“(k) Chemical Adhesive Resin System (NOtE€ 5) .....uueviiiiiiiiiiiiiii e, 1027.01

0] Calcium Chloride (Note
G T PP UPPRTRRPPPPPPN 1013.01

Note 5. A plastic or nylon adhesive retention disk that fits tightly over the dowel and
effectively seals the gap around the hole is required to prevent flowable adhesive from
running out of the hole. This disk is essential to successful anchoring of a dowel bar.
This disk may be about 2 inches larger in diameter than the dowel being used and should
be manufactured to fit snugly over the bar and slide up against the face of the slab when
the bar is being inserted into the hole. The retaining disk is inserted over the dowel bar
and pushed to flush against the PCC surface to retain the adhesive. The disk will keep
most of the material in the dowel hole and provide an excellent bearing surface at the face
of the slab.

Note 6. The calcium chloride accelerator, when permitted by the lllinois Tollway, shall be
Type L (Liquid) with a minimum of 32.0 percent by weight of calcium chloride.”

Equipment. Equipment for any cast-in-place patching shall be in accordance with Article 442.03
of the Standard Specifications.

Construction Requirements. The construction requirements for any cast-in-place patching shall
be in accordance with Section 442 and 1020 of the Standard Specifications for Class A and Class
B patching except as maodified herein.

Revise the second paragraph of Article 442.05(c) of the Standard Specification to read:

“Non-reinforced pavement shall be scored by saw cutting. The scoring shall be at least 6 in. from
the marked face of the patch. Marginal bars and tie bars shall be cut in a manner satisfactory to
the Engineer. As an alternate, the Contractor may use an approved wheel saw to score the
pavement full-depth on either standard reinforced or non-reinforced pavement. Should the
wheel saw damage the pavement and/or reinforcement which are to remain in place,
the Engineer will withdraw approval of this alternate.”

Revise the third paragraph of Article 442.05(c) of the Standard Specification to read:

“The existing pavement shall be removed as shown on the plans. Ends of the patch shall be
squared straight and perpendicular to the centerline of the pavement.”

Add the following to Article 442.05 of the Standard Specifications:
(d) Patching Barricades

The openings resulting from concrete removal for pavement repair shall be protected with
Type 1 barricades for the period beginning immediately after removal is completed and
until the curing period for the new concrete has elapsed and all debris is cleared away.

A minimum of 2 barricades for each lane, in front of each opening, shall be provided.
Where an opening is adjacent to a traffic lane, the barricade(s) shall be placed in the
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opening, (along the edge of the adjacent traffic lane) with a minimum of one barricade for
every 12 feet of open excavation.

(e) Penalties
(1) Non-compliance with Specifications

The Contractor will be subject to a penalty of $500 per incident, to be deducted
from the next pay estimate due the Contractor, for each occurrence when the
Engineer determines that the Contractor or his Subcontractor is not in full
compliance with Article 442.05(d).

2) Failure to Respond

The Contractor shall be required to respond within %2 hour to any request from
the Engineer for realigning, replacing or moving barricades or otherwise
reestablishing compliance with Article 442.05(d). “Respond” is interpreted to
mean on the job preparing to make repairs.

Failure by the Contractor to so respond shall be grounds for a penalty of $500
for each and every occurrence, to be deducted from the next pay estimate due
the Contractor.

Revise the fourth sentence of the fourth paragraph of Article 442.06(a)(2) of the Standard
Specifications to read:

“After the material has been positioned at the back of the hole, the dowel shall be fully inserted
into the drill holes with retention disks against the face of the slab, using a back-and —forth
twisting motion, leaving the proper length exposed as shown on the plans.”

Revise the first paragraph of Article 442.06(g) of the Standard Specifications to read:

“(g) Curing and Protection. Concrete patches shall be cured by the Wetted Burlap or Wetted
Cotton Mat Method according to Article 1020.13 (a)(3) or Article 1020.13 (a)(5). The
curing period shall be from the time of final setting of the mix until the patch is exposed to
traffic no less than 16 hours after placement for concrete. In addition to Article 1020.13,
when the air temperature is less than 55 °F, the Contractor shall cover the patch with
minimum R12 insulation until opening strength is reached. Insulation is optional when
the air temperature is 55 °F - 90 °F. Concrete shall not be placed when the air
temperature is greater than 90 °F."

Replace the first paragraph of Article 442.09 of the Standard Specifications with the following:

Opening Patches to Traffic. No traffic will be permitted on a patch of lllinois Tollway Class AX
portland cement concrete until after the minimum curing time of 16 hours, and after the concrete
has obtained a minimum compressive strength of 2,500 psi.

Method of Measurement. When specified, pavement removal and replacement with accelerated
Portland cement concrete patching using Illinois Tollway Class AX Portland cement concrete will
be measured for payment and computed in square yards.

If additional pavement, subbase, or subgrade material is removed due to negligence on the part
of the Contractor, the additional quantity of pavement removal and replacement or subgrade
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material will not be measured for payment. Shoulder removal and replacement resulting from
edge forming will not be measured for payment.

When expansion joints are to be included in Class B patches, as shown on the plans or as directed
by the Engineer, the expansion joint will be measured for payment in place in feet.

Reinforcement bars will be computed in square yards of surface area of the pavement patch in
which the pavement reinforcement is installed, and no allowance will be made for laps, splices,
or portions of bars not used.

Pavement fabric will be computed in square yards of the surface area of the pavement patch in
which the pavement reinforcement fabric is installed.

All mandatory saw cuts for removal operations for Class A or Class B patches will be measured
for payment in place in feet. Optional saw cuts with a concrete saw or wheel saw to aid the
Contractor’s removal operation will not be measured for payment. Optional wheel saw cuts
allowed in lieu of mandatory saw cuts will be measured for payment as though the mandatory
saw cuts were performed.

Basis_of Payment. This work will be paid for at the contract unit price per square yard for
ACCELERATED PORTLAND CEMENT CONCRETE PAVEMENT PATCHING, of the class, type
and thickness specified.

When expansion joints are included in Class B patches, the expansion joint will be paid for at the
contract unit price per foot for CLASS B PATCH — EXPANSION JOINT. The deformed bars will
be paid for at the contract unit price per each for DEFORMED BARS — EXPANSION JOINT.

Where unsuitable material is encountered in the subgrade or subbase and its removal and
replacement is required by the Engineer, such removal and replacement will be paid for according
to Article 109.04 of the lllinois Tollway Supplemental Specifications.

When additional pavement removal due to unsound concrete or deteriorated steel is directed by
the Engineer, the additional quantities will be paid for according to Article 109.04 of the lllinois
Tollway Supplemental Specifications.

Dowel bars will be paid for at the contract unit price per each for DOWEL BARS, of the diameter
specified.

Pavement tie bars for Class A and Class B patches will be paid for at the contract unit price per
each for TIE BARS, of the diameter specified.

Reinforcement bars will be paid for at the contract unit price per square yard for PATCHING
REINFORECMENT.

Mandatory saw cuts for Class A and Class B patches will be paid for at the contract unit price per
foot for SAW CUTS.

When pavement reinforcement fabric is included in the contract it will be paid for at the contract
unit price per square yard for PAVEMENT FABRIC. When pavement reinforcement fabric is
required for patching, and a pay item is not included in the contract, the cost of the fabric will be
paid for according to Article 109.04 of the lllinois Tollway Supplemental Specifications.
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2.4.5 Surficial Partial Depth Pavement Spot Patching (lllinois Tollway)

Description. This work shall consist of partial depth patching at spot locations of isolated surficial
pavement distress of an area or spalling that exceeds 4 inches in both width and length; does not
exceed 18 inches in any one direction, and is greater than 2 inches in depth at any point within
the area but not greater than half the pavement thickness in depth. The distress is typically seen
adjacent to expansion or construction joints (spalls and corner breaks) and at locations of a
removed or delaminated Raised Pavement Lane Marker (RPM). This work does not apply to
extended length repairs of spalled joints, only to spot repairs within the specified limits for size.

Materials. The material used for surficial partial depth patching shall be a rapid setting (hard in
one hour) Type | or Type Il epoxy meeting the requirements of AASHTO M 237.

The Contractor shall submit the proposed material to the Engineer for review and acceptance 14
days prior to any placement operations.

Equipment. Mixing, pumping and placing equipment for the patching material shall be in
accordance with the material manufacturer's instructions and specifications.  Sandblast
equipment shall effectively remove material from all exposed surfaces from the patch location and
expose clean aggregate on those surfaces. The compressor for air blasting shall have a
minimum capacity of 120 cu. ft. per minute. The compressed air shall be free from oil and other
contaminants.

Construction Regquirements. All spalls or openings adjacent to expansion joints or previous
RPM locations that are within the specified tolerances for length, width, and depth shall be
patched with the specified backfill material mixed and cured according to the manufacturer’s
recommendations.

Areas to be repaired will be determined and marked by the Engineer. A concrete saw shall be
used to provide vertical edges approximately 3/4 in. deep in triangular or rectangular shape
around the perimeter of the area to be patched when an overlay is not specified. The loose and
unsound concrete shall be removed by chipping, with power driven hand tools. The maximum
size pneumatic hammer shall be 30 Ibs. Sandblast all exposed surfaces of the patch location to
remove debris such that clean aggregate is exposed. After sandblasting, clean the spall by
blowing with moisture-free, oil-free compressed air to remove any dust, residue or debris left in
the opening. Any patching opening adjacent to or across a transverse or longitudinal pavement
joint shall be filled with a block out material (waxed card board or fiber board, 3/16” to 1/4” thick)
in such a manner to maintain the existing joint, and not fill the joint with patching material or have
the patching material contact the adjacent pavement. Any patching opening adjacent to or across
a crack shall be filled with a block out material (waxed card board or fiber board, 3/16” to 1/4”
thick) in such a manner to maintain the existing crack, and not fill the crack with patching material.
The block out material shall be placed on the entire depth of the joint or crack within the repair
area.

The epoxy components of the repair material shall be mixed in strict compliance with the product
manufacturer’'s recommendations. Saw cut runouts into any adjoining pavement shall be filled
with the epoxy repair material. The final surface shall be flush with the surrounding pavement
and no loose debris or patching material shall remain on the pavement after completing the patch.
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Spot repairs shall only be allowed when the ambient air temperature is no less than 50 °F at the
time of placement and curing. No spot repair locations shall be opened to traffic for at least 2
hours after the epoxy placement is completed.

Method of Measurement. This work will be measured for payment in place and the area
computed in square feet. Any portion of this work constructed outside the dimensions shown on
the Plans or as directed by the Engineer will not be measured for payment.

Basis of Payment. This work will be paid at the contract unit price per square foot for SURFICIAL
PARTIAL DEPTH PAVEMENT SPOT PATCHING.

I NOVEMBER 2020 | ILLINOIS TOLLWAY | 30



S GUIDELINES FOR PAVEMENT ASSETS

SECTION 3.0 REPAIR OF CONTINUOUSLY
REINFORCED CONCRETE PAVEMENT

3.1 Introduction

Continuously reinforced concrete (CRC) pavement is a type of portland cement concrete (PCC)
pavement reinforced with transverse and continuous longitudinal steel. Because of the presence
of the reinforcement, CRC pavement does not need to have regularly formed transverse joints.
However, CRC pavement can have isolation joints and longitudinal joints, and it will have
construction joints.

The purpose of this guide is to provide the lllinois Tollway with a method for determining the most
appropriate pavement repair and preservation methods for CRC pavements based on visual
conditions. As a part of pavement rehabilitation activities, repairs may be required to the existing
CRC pavement to ensure a safe and smooth pavement surface for Tollway users. Typical repair
types for CRC pavement included in this manual are:

e Full-depth reinforced concrete repairs
o Partial-depth concrete repairs

Typical preservation types for CRC pavement included in this manual are:

e Diamond grinding
e Slab stabilization
e Cross-stitching longitudinal joints and cracks

CRC repair types must be selected carefully to ensure that the final pavement surface is smooth,
strong, and durable for the duration of the pavement’s life. The selection of proper repair and
preservation methods helps to provide a cost-effective and high-quality roadway. This manual
provides the best practices guidelines for repair and preservation of CRC pavement.

3.2 Pavement Evaluation

Common CRC pavement distresses include punchouts, wide and spalled transverse cracks, wide
longitudinal cracks, crack spalling, and joint deterioration (both construction and transition). Other
distresses that may also occur in CRC pavements include faulting at construction/repair joints,
pumping, blowups, and patch deterioration.

3.2.1 Surface Distress

Surface distress can occur due to the presence of too much reinforcement, low concrete cover,
poor construction quality, and material issues during concrete placement. However, this is not
distress due to structural deficiency but a surface defect that can eventually lead to additional
durability and structural problems. Figure 11 shows a typical example of surface distress on CRC
pavement.
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Figure 11. Surface distress on CRC pavement.

3.2.2 Cracks

Longitudinal cracks are predominantly parallel to the pavement centerline. Poor construction
techniques, subgrade settlement, and late saw cutting can lead to longitudinal cracks developing
in CRC pavements. Longitudinal cracks commonly widen under repeated loading, allowing
water to enter into the pavement structure.

Longitudinal cracks can also be caused by the combination of loss of support and traffic loading,
which implies that longitudinal fatigue cracking occurred from the top of the pavement surface
and propagated toward the bottom of the CRC pavement slab.

Some common types of longitudinal cracks and their causes include:

e Crack parallel to sawed centerline joint:
0 Caused by depth of longitudinal saw cut
0 Caused by late sawing or loading slab before sawing
e Crack in the interior (center 8 ft) of the lane:
o0 Due to temperature stresses and/or base problems caused by inadequate
compaction or subsequent moisture due to drainage issues

Either type of longitudinal crack can lead to crack spalling, eventual faulting, and infiltration of
water causing further damage to the pavement structure. Transverse reinforcements are provided
in CRC pavement so that, even if longitudinal cracks develop, the cracks are usually held tight
and should not affect performance or require maintenance (Roesler, Hiller & Brand, 2016).
However, if spalling occurs, filling the cracks with an appropriate material may help to reduce
additional spalling.

I NOVEMBER 2020 | ILLINOIS TOLLWAY | 32



S GUIDELINES FOR PAVEMENT ASSETS

Transverse cracks are predominantly perpendicular to the pavement centerline. This cracking
is expected in a properly functioning CRC pavement. All transverse cracks that intersect an
imaginary longitudinal line at mid-lane and propagate from the pavement edges (centerline joint
or the edge joint) are counted as individual cracks, as illustrated in Figure 12. Cracks that do not
cross the mid-lane are not counted.

Figure 12. Schematics of transverse and longitudinal cracks, including spalling.

Transverse cracks are caused by drying shrinkage and temperature drops in the concrete slab
over time and are expected to develop at 2 to 8-ft intervals over the first five years of pavement
life. They are held tight by the longitudinal reinforcement in the slab and do not generally cause
problems. Transverse cracks in CRC pavement should never be sealed or filled, as this will
create excessive roughness.

3.2.2.1 Crack Severity

Crack severity is based on the width and spalling of the crack. According to the Federal Highway
Administration (FHWA) Long-Term Pavement Performance Distress Identification Manual (LTPP-
DIM), the severities of longitudinal cracks are defined as (Miller & Bellinger, 2014):

e Low Severity: Crack widths < 1/8 inch, no spalling, and no measurable faulting; or
well-sealed and with a width that cannot be determined

e Moderate Severity: Crack widths = 1/8 inch and < %2 inch, or with spalling < 3 inch, or
faulting up to %2 inch

e High Severity: Crack widths = %2 inch, or with spalling = 3 inch, or faulting = %2 inch

Figure 13 through Figure 15 show examples of low-, moderate-, and high-severity longitudinal
cracks.
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Longitudinal Crack

Figure 13. Low-severity longitudinal crack.

Figure 14. Moderate-severity longitudinal crack.

Figure 15. High-severity longitudinal crack.
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According to the LTPP-DIM, the severities of transverse cracks are defined as:

e Low Severity: Cracks that are not spalled or less than 10% of the length of the crack
has spalling

¢ Moderate Severity: Cracks with spalling along > 10% and < 50% of the crack length
e High Severity: Cracks with spalling along > 50% of the crack length

Figure 16 through Figure 18 show examples of transverse cracks on CRC pavements.

Figure 16. Low-severity transverse cracks on CRC pavements [IL 390 westbound, approx. MP 13.327].

Figure 17. Moderate-severity transverse cracks on CRC pavement [IL 390 westbound, approx. MP 13.343].
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Figure 18. High-severity transverse crack on CRC pavement [IL 390 westbound, approx. MP 13.286].

If a transverse crack widens, it may be that the reinforcement has ruptured. Such a crack will open
and close significantly, creating the potential for a blowup. These cracks must be repaired full-
depth across all lanes/shoulders to avoid the possibility of a blowup occurring.

3.2.2.2 Spalled Cracks

Spalling in CRC pavement is the localized fracturing of concrete that happens along the cracks.
Many factors contribute to crack spalling on CRC pavement, but most are due to the presence of
pre-existing fractures that are propagated through cracks. For example, lack of moisture and
associated drying shrinkage on the concrete pavement surface, type of coarse aggregate, and
insufficient curing can result in poor quality concrete near the surface. This concrete is more prone
to spalling, especially at transverse cracks in CRC pavement. Some other possible causes of
spalled cracks in CRC pavement include:

e Aggregate shape and bond with paste

o Consolidation of concrete at steel due to excessive vibration effort
e Poor finishing and curing

o Infiltration of incompressibles

Figure 19 shows an example of a spalled transverse crack on CRC pavement.

If cracks are wide enough to allow the intrusion of incompressible materials, resulting expansion
by the slab can cause stress concentrations in warmer weather. These stress concentrations can
cause the concrete surface to spall in a reasonably short time, which contributes to spalling
independent of traffic volume. Spalling can also be caused by the excessive deflection generated
from traffic loading at pavement cracks.
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Figure 19. Spalling along transverse crack (http://crcpavement.org).

3.2.2.3 Average Crack Spacing

The performance of CRC pavements is often assessed based on average crack spacing, which
can also be used as a tool for calculating the percentage of spalled transverse cracks and
evaluating whether the CRC pavement is acting as expected. Crack spacing can vary widely
along any CRC pavement. However, locations of short spacing (<2 ft) are areas where structural
punchouts may develop. Locations of extra-long crack spacing (>10 ft) are areas where cracks
may become wider than normal and develop the potential for incompressible and moisture
infiltration. If the mean crack spacing ranges between 3 and 8 ft, this is normal, and punchouts
typically do not develop. Broad crack spacing (> 10.0 ft) can mean wider crack widths allowing
for incompressibles and can lead to poor load transfer.

3.2.3 Punchouts

A punchout is a full-depth block of pavement, formed at the pavement edge when one short
longitudinal crack forms between two existing transverse cracks, as shown in Figure 20. The
existing transverse cracks are closely spaced, usually less than 4 ft apart. Punchouts are usually
rectangular, but some may appear in other shapes. According to the Texas Department of
Transportation (TxDOT), punchouts must be at least 12 inches long or wide to be rated as a
punchout (TxDOT, 2019). For punchouts longer than 10 ft, rate one punchout for every 10 ft of
length.
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Figure 20. Punchout at CRC pavement (Jeon, Choi & Won, 2019).

Punchout formation is usually related to surface moisture infiltrating into the base through the
closely spaced transverse cracks and the adjacent longitudinal joint, followed by erosion/pumping
of the base and cantilevering of the small slab. In some cases, a transverse construction joint can
serve as one boundary of a punchout, as seen in Figure 21. Heavy load applications will connect
the transverse cracks with a short longitudinal crack. The punchout progresses with spalling of
the cracks, possible rupturing of the reinforcing steel, and eventual settlement of the punchout
below the original surface of the pavement.

Figure 21. Punchout at the construction joint.

Generally, poorly performing full-depth repairs exhibit large deflections at the transverse repair
joints. The poor bond between tie bars and the surrounding concrete at repair joints contributes
to large deflections and poor performance. A large deflection is typically observed at the beginning
and ending joints of full-depth repair. Because of this kind of large deflection, along with the CRC
discontinuity, punchouts can occur at transverse repair joints. Construction joint deterioration can
occur for the following reasons:

I NOVEMBER 2020 | ILLINOIS TOLLWAY | 38



S GUIDELINES FOR PAVEMENT ASSETS

¢ Inadequate vibration and consolidation
¢ Inadequate reinforcing details across a cold joint
e Lower adjacent slab temperature for a period of 5 days or more

Edge punchouts represent the major structural deterioration of CRC pavement and should only
develop occasionally if the CRC pavement is designed and constructed properly. Edge punchouts
are caused primarily by heavy repeated truck axles near the edge of the CRC pavement, causing
fatigue damage to the top of the concrete slab. However, certain pavement conditions are also
major risk factors, such as a base course that erodes or pumps (causing loss of support) or closely
spaced transverse cracks (<2 ft) that deteriorate and spall and widen. When sufficient adjacent
deteriorated CRC pavement is not removed during repairs, or where the loss of support has
developed (or if another transverse crack is very close), an edge punchout can develop relatively
soon after the repair is placed.

Figure 22 shows an edge punchout. The steps in formation of an edge punchout are as follows:

Deterioration of longitudinal joint seal between traffic lane and shoulder

Moisture infiltration leads to erosion, loss of support

Erosion, loss of support leads to high deflections at slab edge due to heavy traffic
Slab edge deflection leads to longitudinal cracking

Transverse cracks deteriorate and lose aggregate interlock

Concrete breaks into blocks

Steel bars yield or rupture

NooakowdrE

The development of more than a few punchouts along a typical CRC pavement is an indication
of serious structural deficiency of the pavement. If fewer than five punchouts/mile exist in the
heaviest truck lane, then a full-depth repair, partial-depth repair, or a preservation treatment is
needed, depending on which approach is the most practical and cost-effective. However, if
punchouts exceed 5 to 10 per mile in the heaviest truck lane, then the best solution may be a
structural improvement such as a sufficiently thick overlay after repairs are completed.
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Figure 22. Edge punchout on CRC pavement (Gulden, 2013).

3.3 Repair Technique Selection

Optimal repair techniques not only maintain or repair the existing structural and functional
distresses but also prevent or postpone their reoccurrence so that the CRC pavement performs
as originally designed. Repair techniques used on a project need to address the cause of the
distresses. As a result, for each distress, one or more restoration alternatives might be needed.
It is important to note that full-depth asphalt patches are not recommended as permanent repairs
but only as temporary repairs. A plain concrete full-depth patch is hot commonly used for CRC
pavements.

The most cost-effective and reliable approach to selecting the best repair and preservation
techniques can generally be based on the results from a visual survey, the level of truck traffic,
and the pavement design:

o If the CRC slab has developed serious durability problems (e.g., “D” cracking, alkali
silica reactivity), then it will likely require a detailed review including cores and
assessment of the extent and speed at which it will spread throughout the CRC
pavement. The best approach may be to perform repairs as required and then eventually
provide a thick structural overlay.

o If the CRC pavement slab has developed serious structural problems (punchouts):

o |If there are fewer than five punchouts/mile in the heaviest truck lane, then a full-
depth repair, partial-depth repair, and any preservation treatments that may be
needed should be the most cost-effective.
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o If punchouts exceed 5 to 10 per mile in the heaviest truck lane, then the best
solution may be a structural improvement such as a sufficiently thick overlay after
needed repairs are completed, or reconstruction.

Most CRC pavements constructed by the lIllinois Tollway have been well designed and include
proper amounts of longitudinal reinforcement, very durable hot-mix asphalt (HMA) base course,
and lower unbound layers that should carry heavy truck traffic over 40 years into the future.
However, there may be construction defects that deteriorate over time that need to be resolved
with full-depth or partial-depth repairs. And while full-depth and partial-depth repairs are critical,
preservation techniques including cross-stitching longitudinal cracks and joints, slab stabilization,
and diamond grinding can be valuable in extending the life of the CRC pavement. Extending the
service life of high-traffic CRC pavement projects is very cost-effective and highly sustainable.

Table 2 shows the expected improvement in service life for a variety of CRC pavement repairs.

Table 2. Repair types and expected service life.

Repair Type Expected Service Life (years)
Surficial Partial-Depth Patch 5-10
Diamond Grinding (small segments) 5-8
Diamond Grinding (large area) 7-10
Full-Depth Patch (Standard/Precast) 10 - 20
Cross-Stitching 10 - 20
Slab Stabilization/Undersealing 10 - 20

3.3.1 Surface Repair/Partial Depth Repair

Partial-depth repairs are rarely used for CRC pavement because the reinforcing steel is so close
to the surface and obviously cannot be cut or damaged. For example, partial-depth repair should
not be used when spalling of the surface has occurred over a larger area due to high
reinforcement. However, partial-depth repairs may be appropriate on small, isolated areas of
surface defects.

The first step to determine whether partial-depth repair is the optimum repair strategy is to
evaluate the nature of the distress. Figure 23 shows an example of the type of area where partial-
depth repair would be a viable solution.

For all partial-depth repairs, the boundary of the repair area has to be established. Transversely,
the boundary should contain all longitudinal cracks or fractured concrete. Longitudinally, the limit
should extend to about 2 to 3 inches beyond the transverse cracks that define the distress area.
Repair areas should not be closer than 6 inches to any other transverse crack or joint. The
minimum size of the repair area should be 1 ft in both longitudinal and transverse directions.
Repair boundaries are saw cut to a maximum of one-third of the slab depth if the slab thickness
is less than 14 inches. Saw cut depth should not be so deep as to cut the longitudinal steel.
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Figure 23. Example of distress that requires partial-depth repair.

The success of partial-depth repair depends on:

3.3.2

Proper selection of candidate projects

Proper selection of patching material

Selection of optimum repair boundaries

Achieving a good bond between patching materials and the existing pavement
Clean and dry repair area

Sandblasting sidewalls

Proper application of bonding agent

Timely placement of repair material

Proper placement and curing

Conventional Cast-in-Place Full-Depth Repair

Full-depth repairs are used to repair severely deteriorated punchouts, joints, or cracks in CRC
pavement when other maintenance procedures can no longer correct them. Full-depth repairs
restore locally damaged areas to near-original condition, with similar smoothness and structural
integrity. Full-depth CRC patches are generally expected to provide the best performance for
CRC pavements. Guidelines for full-depth repairs are as follows:

Full-depth transverse saw cuts should maintain a minimum distance of 18 inches from
the end of the repair to the nearest transverse crack in the pavement or other significant
concrete deterioration

Minimum repair dimension should be 4.5 ft from outer full-depth saw cuts

Transverse cuts should be perpendicular to the centerline and should not cross skewed
cracks; if necessary, cut along rather than across skewed cracks

The transverse rebar shall be tied to the bottom of the longitudinal rebar when the
minimum clearance of 2 inches from the top of the slab cannot be obtained with the
transverse bar on the top
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e The reinforcing steel in the splicing area shall not be bent to aid in the removal of the
concrete and should follow the IDOT Class A patch standard

Figure 24 shows a completed full-depth repair in CRC pavement.

Figure 24. Example of full-depth patching of CRC pavement.

3.3.3 Rapid Full-Depth Repair with Precast Concrete

The essential features of the full-depth repair with precast concrete panels can be summarized
as:

e Maintains the continuity of the longitudinal steel reinforcement within any CRC pavement
repair area by locating the longitudinal bars within the existing CRC pavement and
overlapped with longitudinal steel bars in the precast concrete panel (PCP)

¢ Maintains continuity of the longitudinal steel through the repair areas, matching the steel
content of 0.8 percent in the existing pavement

Figure 25 shows an area of precast CRC patching on the lllinois Tollway.
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Figure 25. Example of rapid full-depth repair with precast concrete.

3.3.4 Cross-Stitching

Cross-stitching is a well-established technique applied to an existing concrete pavement that has
longitudinal joints that need to be kept tight over time. Deformed reinforcement bars are anchored
into holes drilled at an angle with the horizontal and at prescribed spacing along the joint into the
concrete slab.

In CRC pavement, cross-stitching is utilized where lanes are separating at the longitudinal
construction joints. transverse and longitudinal reinforcements are provided, and cracks are held
tight and typically do not cause pavement distress. The key aspects that are critical to the
successful installation of cross-stitching are:

Knowing the thickness of the slab that is going to be stitched

Controlling the angle of the drill

Making sure the drill cannot penetrate the bottom of the slab

Checking the hole location (distance from the joint or crack) and spacing

Verifying the size of the tie bar

Monitoring the anchoring process, including cleaning of the hole and insertion of epoxy
and bar in the specified rotational way

Making sure that the drilling and anchoring procedures do not spall the surface of the
concrete

Deformed tie bars, with a diameter of 0.75 inches, spaced at 20 to 30 inches, are grouted into
holes drilled at 30 to 45 degrees to the pavement surface, as depicted in Figure 26 and Figure
27. The tight joint maintains excellent load transfer and slows the rate of deterioration.
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Figure 26. Example of cross-stitching to control longitudinal crack in jointed plain concrete pavement (IGGA, 2010).

Distance from
Joint/Crack to Hole
35°-45°drill angle

Slab
Thickness

Slab ‘ ﬁ Bottom clear
b cover to hole

Figure 27. Cross-section view of cross-stitching (redrawn from IGGA, 2010).

3.3.5 Diamond Grinding

Diamond grinding is used predominantly on jointed concrete pavements, but it has also been
used successfully on CRC pavement. Diamond grinding is intended to restore smoothness and
increase friction resistance. Diamond grinding removes a thin layer of the concrete surface,
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approximately 0.25 inches, to reduce surface irregularities and wheelpath rutting caused by
studded tires (see Figure 28). This also improves pavement surface texture, reduces road noise,
smooths out roughness caused by repairs, and can improve drainage by restoring transverse
cross slope, if needed. Diamond grinding can reduce the International Roughness Index (IRI) by
20 to 80 percent (50 percent is typical) when it is done in combination with other repairs.

Figure 28. Diamond ground surface (TxDOT, 2019).

The following factors should be considered before diamond grinding CRC pavements:

3.3.6

It is more effective when used in combination with repair and restoration techniques
because it does not increase the structural strength of the pavement

It should not be used on pavements with material-related distress

It should not remove material to the point that concrete cover over the reinforcement
becomes inadequate

Surface friction issues can arise if the candidate pavement was constructed with coarse
aggregates, which are susceptible to polishing under traffic

Recommended blade spacing to achieve optimum texturing is strongly related to
concrete coarse aggregate hardness; softer aggregate requires a wider blade spacing

Slab Stabilization/Undersealing

Slab stabilization/undersealing is a pavement repair method that fills voids underneath the
concrete slab to diminish pumping, reduce slab deflections and distresses (e.g., punchouts), and
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improve the uniformity of foundation support. Utilizing an effective material may also reduce future
erosion, providing additional significant long-term benefit. Polyurethane is used extensively and
has shown a significant increase in joint load transfer efficiency (LTE) after slab stabilization.

The ability to reliably identify the location of voids under the slab is critical. For slab stabilization,
the first step in the process is locating the areas of voids beneath the slab caused by the base
material deterioration. Deflection testing, generally performed using a falling weight deflectometer
(FWD), is the most commonly used and most effective method for identifying loss of support.
Ground-penetrating radar (GPR) equipment and data interpretation techniques have enabled the
detection of air-filled voids as thin as 0.25 inch.

Key issues related to slab stabilization include:

e Successful slab stabilization is limited to slab locations where deflection testing indicates
loss of support. If slab stabilization is done where there are no voids, pumping material
beneath the slab will cause stress points and increase pavement deterioration.

e Using the right quantity of material to stabilize the slabs is also an essential factor.
Excess amounts of materials will result in the raising of slabs, sometimes resulting in
cracking. However, too little material will not fill all the voids, and loss of support will still
exist.

o Effective specifications and procedures will result in proof of slab stabilization by material
seeping from adjacent joints and cracks, vertical slab movement, or other visual
indicators.

¢ High-quality materials should always be used to fill voids beneath the slabs. High-
density, two-component, water-resistant polyurethane material is the primary slab
stabilization material used today.

34 Literature Review
3.4.1 CRC Pavement Condition Evaluation

Evaluation of the existing CRC pavement condition is critical to determine the appropriate repair
method. Transverse cracks are expected in a properly functioning CRC pavement and technically
are considered as distresses only if spalling develops. Transverse crack spacing on a CRC
pavement can be an indicator of future performance. The Virginia DOT requires average
transverse crack spacing to be reported as a part of CRC pavement condition evaluation (Virginia
Department of Transportation, 2012).

Punchouts are the most significant distress for CRC pavement. A significant cause of punchouts
is not only traffic loading but also a weakened support condition. TXDOT research indicates that
punchouts may occur without forming two transverse cracks in situations with reduced base
support (Jeon, Choi & Won, 2019).

Since the traffic loading cannot be transferred from a CRC lane to an asphalt shoulder, the
pavement edge deflection due to traffic loading is generally larger than in situations where there
is a tied concrete shoulder. If the joint between the outside CRC lane and asphalt concrete
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shoulder is susceptible to pumping, a deficiency in the slab support is likely. This can lead to edge
punchouts.

A recent TXDOT research report noted that about 21% of the total punchouts surveyed in CRC
pavement were observed at the transverse construction joint (Jeon, Choi & Won, 2019). Figure
11 shows an example of this phenomenon. One cause for distress at or near the transverse
construction joint is the quality of the in-place concrete. The concrete placed in the morning is the
first batch of concrete of the day, and its quality might differ from that of the later batches. As
paving slows at the end of the day and the paver gets stopped, a construction joint is created. For
the construction joint, the concrete placement, including consolidation, is done primarily by hand.
The concrete mix can also be extra dry sometimes. Areas at construction joints also have a
substantial amount of longitudinal steel (regular steel plus lap steel) that might hinder proper
compaction of concrete.

The same TxDOT study also found about 19% of the total punchouts surveyed in CRC pavement
were observed at a repair joint. Figure 29 shows an example of this phenomenon. According to
the research findings, the primary cause of the distress at the repair joint was poor full-depth
repair work.

To evaluate the feasibility of different repair techniques, it is imperative to consider both the
structural and functional conditions of the CRC pavement. The purpose of the repair is to restore,
as closely as possible, the original capacity of the pavement. Table 3 summarizes the repair
techniques for CRC pavement distresses, as reported in a recent FHWA study.

Figure 29. Punchout at repair joints (Ryu, Choi, Choi, & Won, 2013).

Table 3. Repair techniques for CRC pavement distresses (Roesler, Hiller, & Brand, 2016).

Distress | Repair Technique
Structural Distress

Pumping Slab stabilization, Full-depth repair
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Longitudinal cracking Full-depth repair or cross-stitching

Full-depth repair (spall depth >D/3),
Joint or crack spalling Partial-repair depth (spall depth <D/3),
Shoulder repair

Blowup Full-depth repair

Punchouts Full-depth repair, Shoulder repair/retrofit

Transition joint deterioration Reconstruct joint

Patch deterioration Full-depth repair
Functional Distress
Roughness Diamond grinding

Partial-depth repair (spall depth <D/3),

Scaling Diamond grinding

Surface polishing/low friction | Diamond grinding
D = Pavement thickness

3.4.2 Partial-Depth Repair

Some transportation agencies, such as Wisconsin DOT, do not apply partial-depth repairs for
CRC pavement (Wisconsin Department of Transportation, 2003). Others, such as TxDOT,
perform partial-depth repair for the distress that is confined to the top half of the slab, above the
longitudinal steel (Yeon, Choi, Ha, & Won, 2012).

Chen, Lin & Sun (2010) reported that three types of distresses make partial-depth repair suitable
for a CRC pavement: spalls, wide cracks, and punchouts due to mid-depth horizontal cracks. The
performance of partial-depth repair varies substantially. Polyurethane-based materials were used
to repair spalling, and these materials provided satisfactory performance for more than 9 years.

3.4.3 Conventional Cast-in-Place Full-Depth Repair

A TxDOT study revealed that the primary cause for the poor performance of full-depth repairs is
the failure to restore structural continuity at transverse repair joints (Ryu et al., 2013). A common
characteristic of poorly performing full-depth repairs is large deflections at transverse repair joints.
The poor bond between tie bars and the surrounding concrete at repair joints appears to
contribute to these large deflections and poor performance.

The same TxDOT study reviewed CRC pavement full-depth repair practices of a few states and
evaluated similarities and differences with TXDOT practices. Until the mid-1990s, the method that
TxDOT typically used was to make full-depth saw cuts about 18 to 24 inches from the transverse
repair joints, as shown in Figure 30. Partial-depth saw cuts, approximately 2 inches deep, are
made on each end of the CRC pavement repair for splicing of the longitudinal steel reinforcement.
Jackhammers and hand chipping tools are used to chip away the existing PCC to expose the
steel reinforcement to which the new steel is tied. After the base is repaired (if needed) and
longitudinal and transverse steel is placed, the repair concrete is placed.
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Figure 30. TxDOT full-depth CRC repair detail (TxDOT, 2014).

Figure 31 shows a similar lllinois DOT detail.

A
Edge 18 (450) B 18 (450) B 18 (4500 Edge
of lan e_\ | miln, min, min | /_ of lane
T _ T
.' Full depth Interlar /
[ Partlal depth s - /_ - Partlal depth {
ij saw cut N saw et saw cut ”/_I. saw cut fl
| ' f
{ | Wheel saw cut { /
|I,u ‘ {optlonal) \ | ."l
f < ' /
/ | Erd End {
/ | ton Center sectlan Tlght /
/ 'i sector section transwverse
|,l' ] k g crack |
Fl l| Interlar Wheel #
! Tight i saw cut saw cut k ."l
[ transverse “ i {
[ crack ) f
| Erec ) | /
] \ _/ )
Edge of Saw cut full
pavement length of patch

Figure 31. Saw cut for the full-depth patch in CRC pavement (lllinois DOT, 2008).

3.4.4

Rapid Full-Depth Repair with Precast Concrete
The lllinois Tollway recently implemented a method for rapid, overnight, full-depth repairs of CRC

pavements using precast concrete panels (Gillen, Gancarz & Tayabiji, 2018). Two types of splice

zones were used to maintain steel continuity:

precast panel

I NOVEMBER 2020 |
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¢ The second splice zone detail was developed for connections between precast panels
where multiple precast panels were placed in sequence within a repair area

During construction, a full-depth temporary precast panel is used to cover the splice zone gap
during the panel placement. When the temporary precast panel is removed, the gap is filled with
a fiber-reinforced ultra-high-performance concrete (UHPC) or an approved high early-strength
concrete (HESC).

Figure 32 illustrates the relative positioning of the precast panels and splice zones in the full-depth
repair area.

|:| Existing CRC Pavement . Slotted Dummy Panel/Splice Zone

|:| Precast Panel . Solid Dummy Panel/Splice Zone

Figure 32. Plan view of a repair area with multiple PCP panels (adapted from Gillen, Gancarz & Tayabiji, 2018).

3.45 Cross-Stitching

Darter (2017) reported that a few states, including Kansas, Missouri, Minnesota, and Utah,
perform cross-stitching on concrete pavements of all ages to prevent a longitudinal crack or joint
from opening up and creating a roughness, maintenance, and/or safety problem. It was reported
that more than 20 years of service could be expected from a cross-stitching repair if performed
correctly. A schematics of cross-stitching is shown in Figure 33.

Cross-stitching is applicable for several situations where strengthening joints or cracks is required,
including the following (ACPA, 2001):

e Strengthening longitudinal cracks in slabs to prevent slab migration and to maintain
aggregate interlock

¢ Mitigating the issue of tie bars being omitted from longitudinal contraction joints (due to
construction error)

e Tying pavement lanes or shoulders that are separating and causing a maintenance
problem

e Tying centerline longitudinal joints that are starting to fault

I NOVEMBER 2020 | ILLINOIS TOLLWAY | 51



S GUIDELINES FOR PAVEMENT ASSETS

Figure 33. Schematics of cross-stitching on CRC pavement (adapted from IGGA, 2010).

3.4.6 Diamond Grinding

Darter (1992) reported that several CRC pavement projects in Belgium were diamond ground to
remove a harsh cross-tining that created significant tire/pavement noise and vibration levels. The
noise and vehicle vibration levels were significantly reduced, and a comfortable ride was provided
on those projects.

Buddhavarapu, de Fortier Smit, Banerjee, Trevino, & Prozzi (2013) evaluated the benefits of
diamond grinding on CRC pavement. They found that grinding increased skid resistance by about
60%, and a considerable positive correlation was evident between the surface friction and surface
macrotexture. Most importantly, IRl decreased from 124 inches/mile to 44 inches/mile. Diamond
grinding also reduced the average overall noise level.

3.4.7 Slab Stabilization/Undersealing

Slab stabilization is achieved by injecting a highly flowable material underneath the slab. The
process restores the base support under transverse and longitudinal joints that have been eroded.
Repeated heavy axle load, excess free water, and erodible materials in the base, subbase, and
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subgrade can cause erosion. Darter (2017) identified three critical issues for successful slab
stabilization, including:

e Limiting the usage of materials to locations where deflection testing indicates loss of
support. However, slab corners may not develop a loss of support significant enough to
be identified.

o Implementing effective specification and procedures should ensure that holes are drilled
completely through the slab.

e Using appropriate materials. The primary types of slab stabilization materials used over
the years include:

o0 Cementitious grouts, used extensively in the past by agencies such as Georgia
DOT. However, usage of cementitious grout has declined in recent years due to
its erosion potential.

o0 Asphalt cement with low penetration and a high softening point.

o0 High-density, two-component, water-resistant polyurethane material, which is the
primary slab stabilization material used today. Polyurethane can flow into very
fine voids and expands up to six times its liquid volume, forcing its way into any
sized void.
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3.7 Appendix B — Surficial Partial-Depth Pavement Spot Patching (Aug.
1, 2017)

3.8 Appendix C — Diamond Grinding for Continuously Reinforced
Portland Cement Concrete Pavement and Shoulder (May 12, 2020)
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SECTION 4.0 MATERIAL TRANSFER DEVICE USAGE

4.1 Introduction
4.1.1 Objective

The objective of these Guidelines is to provide a reference regarding the allowable usage
scenarios for Material Transfer Devices (MTDs) when considering pavement strength
development and device offset from a free edge of a Portland cement concrete (PCC) pavement.

4.1.2 Background

MTDs are required when placing full-depth Warm Mix Asphalt (WMA) and overlays of existing
concrete. The MTDs are needed to ensure that the asphalt binder and surface layers do not
experience segregation as they are placed along the mainline composite pavement and adjacent
full-depth asphalt shoulders. The MTD also provides a steady flow of material to the paver and
may be used to facilitate placement of other mixtures. By keeping the speed of the paver and the
head of material constant, the MTD contributes to the pavement smoothness.

The Tollway Special Provision for Material Transfer Devices allows an MTD to be used on a
concrete pavement if the tire pressure is below 80 psi, the axle load is below 64,000 Ibs, the
concrete has reached a compressive strength of 3,500 psi, and the MTD is kept a minimum of 4
feet away from a free edge. A free edge is defined as a longitudinal concrete pavement joint not
tied to a concrete pavement lane, shoulder, moment slab, or other structure, as Tollway standards
do not allow tying mainline concrete pavement to full-depth asphalt shoulders or to moment slabs.

These guidelines have been developed to provide a reference should other types of MTDs be
proposed for conditions beyond those referenced in the Tollway SP for Material Transfer Devices.
Requests for allowance of other MTDs should be submitted via the Tollway’'s WBPM system (e-
Builder) with as many details as possible to allow for the most accurate analysis possible. In
anticipation of those types of requests and/or situations, the Tollway evaluated several different
MTDs as described below. Each MTD was modeled in a finite element program (I-SLAB) across
a range of concrete strength values to determine the maximum tensile stress expected at the
bottom of the concrete slabs. If the induced tensile stress exceeds the modulus of rupture for
the concrete, the Jointed Plain Concrete Pavement (JPCP) slabs are at risk for developing pre-
mature mid-slab cracks, which would reduce the effective life of the pavement.

4.1.3 Relevant Pavement Alignments

ARA modeled MTD and concrete strength ranges for three different pavement alignments:

e 2-lane mainline
e 1-lane mainline
o 16-ft wide ramp configuration
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Figure 34, Figure 35, and Figure 36 show these three configurations, along with the maximum
possible offset, given a nominal 10-ft wide MTD. The free edge from which the offset is
measured is defined as a longitudinal concrete pavement joint not tied to a concrete pavement
lane, shoulder, moment slab, or other structures.

12-ft

12-ft

12-ft

12-ft

15-ft

Direction of travel
—_—

11-in PCC
3-in WMA
12-in PGE

15-ft

Free edge

72-in

Direction of travel

_

2-lane mainline scenario (offset = 0 inches)

11-inPCC
3-in WMA
12-in PGE

Free edge

Figure 34. 2-lane mainline configuration with zero and maximum offset.
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Free edge
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Free edge
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Free edge
- ection of travel 11-in PCC
rlJ irection ot trave 3-in WMA
- 12-in PGE

12-"11\ Free edge

1-lane mainline scenario (offset = 12 inches)

Figure 35. 1-lane mainline configuration with zero and maximum offset.

Free edge
5 ’ * 10-in PCC
3-inWMA
- Direction of travel 12-in PGE
)
Free edge
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Free edge
& T T 10-inPCC
3-in WMA
- L Direction of travel 12-in PGE
; - E
©« 36-in
Free edge

16-ft ramp scenario (offset = 36 inches)

Figure 36. 16-ft ramp configuration with zero and maximum offset.

4.1.4 Material Transfer Devices
The Tollway modeled six different MTDs, including:

e RoadTec 2500
e RoadTec 1500
¢ Ingersoll Rand MC 330
e Weiler E1250B
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¢ Vogele MT-3000-2i
o Cedar Rapids CR662RM

Total loaded weights and wheel/axle or track dimensions for each MTD evaluated are provided in
the following section. Combinations of offset from free edge and concrete strength where each
MTD can be safely used are also provided.

415 I-SLAB Details
Additional information used as inputs for the I-SLAB runs included:

JPCP Layer
Thickness — 10.0 and 11.0 inches
Epcc — 3.3 Mpsi (fc = 3000 psi) to 4.7 Mpsi (fc = 6000 psi)
WMA Stabilized Subbase Layer
Thickness — 3.0 inches
Eac — 400 ksi
Granular Base Layer
Thickness — 12.0 inches
Ecs — 50 ksi
Subgrade Layer
k = 150 psi/in

416 |-SLAB Results

The results of the I-SLAB MTD modeling are provided for each MTD considered. For each
device and pavement configuration, a table of acceptable combinations of concrete strength and
offset is provided, as indicated by a Yes.

4.1.7 Additional Devices

In the event that MTDs beyond those evaluated in this document are proposed in the future,
additional analysis will be performed to determine the acceptable combinations of concrete
strength and offset for those devices.

The Tollway also evaluated two asphalt pavers (track mounted and rubber tire mounted) to
determine their potential for damaging new JPCP. Those results are included in the following
section.
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4.2 MTD Specific Guidelines
4.2.1 RoadTec 2500

Allowable scenarios for 2-lane mainline alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36 48 60 72
3500 Yes Yes
4000 Yes Yes Yes
5000 Yes Yes Yes Yes
6000 Yes Yes Yes Yes Yes

Allowable scenarios for 16-ft ramp alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36
3500
4000
5000
6000 Yes

Allowable scenarios for 1-lane, 12-ft mainline

PCC Compressive Offset, inches
Strength, psi 0 12
3500

4000

5000

6000
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Footprintfor RoadTec 2500 (64,000 Ib/axle)
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4.2.2 RoadTec 1500

Allowable scenarios for 2-lane mainline alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36 48 60 72
3500 Yes Yes Yes
4000 Yes Yes Yes Yes
5000 Yes Yes Yes Yes Yes Yes
6000 Yes Yes Yes Yes Yes Yes

Allowable scenarios for 16-ft ramp alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36
3500
4000
5000 Yes
6000 Yes Yes

Allowable scenarios for 1-lane, 12-ft mainline

PCC Compressive Offset, inches
Strength, psi 0 12
3500
4000
5000 Yes
6000 Yes
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Footprintfor RoadTec 1500 (49,000 Ib/axle)
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4.2.3 Ingersoll Rand MC 330

Allowable scenarios for 2-lane mainline alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36 48 60 72
3500 Yes Yes
4000 Yes Yes Yes
5000 Yes Yes Yes Yes Yes Yes
6000 Yes Yes Yes Yes Yes Yes

Allowable scenarios for 16-ft ramp alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36
3500
4000
5000 Yes
6000 Yes Yes

Allowable scenarios for 1-lane, 12-ft mainline

PCC Compressive Offset, inches
Strength, psi 0 12
3500
4000
5000 Yes
6000 Yes
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Footprintfor MC330 (56,950 |b/axle)
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4.2.4 \Weiler E1250B

Allowable scenarios for 2-lane mainline alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36 48 60 72
3500 Yes Yes Yes Yes Yes Yes
4000 Yes Yes Yes Yes Yes Yes
5000 Yes Yes Yes Yes Yes Yes Yes
6000 Yes Yes Yes Yes Yes Yes Yes

Allowable scenarios for 16-ft ramp alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36
3500 Yes Yes Yes
4000 Yes Yes Yes
5000 Yes Yes Yes
6000 Yes Yes Yes

Allowable scenarios for 1-lane, 12-ft mainline

PCC Compressive Offset, inches
Strength, psi 0 12

3500 Yes

4000 Yes

5000 Yes Yes

6000 Yes Yes
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Footprintfor E1250B (36,700 |b/axle)
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425 Vogele MT-3000-2i

Allowable scenarios for 2-lane mainline alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36 48 60 72
3500 Yes Yes Yes Yes
4000 Yes Yes Yes Yes
5000 Yes Yes Yes Yes Yes
6000 Yes Yes Yes Yes Yes Yes

Allowable scenarios for 16-ft ramp alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36
3500
4000 Yes
5000 Yes
6000 Yes Yes

Allowable scenarios for 1-lane, 12-ft mainline

PCC Compressive Offset, inches
Strength, psi 0 12
3500
4000
5000
6000 Yes
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Footprintfor MT-3000-2i (101,640 |b Total)
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4.2.6 Cedar Rapids CR662RM

Allowable scenarios for 2-lane mainline alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36 48 60 72
3500 Yes Yes Yes Yes
4000 Yes Yes Yes Yes
5000 Yes Yes Yes Yes Yes Yes
6000 Yes Yes Yes Yes Yes Yes

Allowable scenarios for 16-ft ramp alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36
3500 Yes
4000 Yes
5000 Yes
6000 Yes Yes

Allowable scenarios for 1-lane, 12-ft mainline

PCC Compressive Offset, inches
Strength, psi 0 12
3500
4000
5000 Yes
6000 Yes
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Footprintfor CR662RM (130,860 |b Total)
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4.2.7 Vogele VISION 5200-2

Allowable scenarios for 2-lane mainline alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36 48 60 72
3500 Yes Yes Yes Yes Yes
4000 Yes Yes Yes Yes Yes
5000 Yes Yes Yes Yes Yes Yes
6000 Yes Yes Yes Yes Yes Yes

Allowable scenarios for 16-ft ramp alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36
3500 Yes
4000 Yes Yes
5000 Yes Yes
6000 Yes Yes Yes

Allowable scenarios for 1-lane, 12-ft mainline

PCC Compressive Offset, inches
Strength, psi 0 12
3500
4000
5000 Yes
6000 Yes
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Footprintfor VISION 5200 (74,060 |b Total)
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4.2.8 CAT AP1000F

Allowable scenarios for 2-lane mainline alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36 48 60 72
3500 Yes Yes Yes Yes Yes
4000 Yes Yes Yes Yes Yes
5000 Yes Yes Yes Yes Yes Yes
6000 Yes Yes Yes Yes Yes Yes

Allowable scenarios for 16-ft ramp alignment

PCC Compressive Offset, inches
Strength, psi 0 12 24 36
3500 Yes
4000 Yes Yes
5000 Yes Yes
6000 Yes Yes Yes

Allowable scenarios for 1-lane, 12-ft mainline

PCC Compressive Offset, inches
Strength, psi 0 12
3500
4000
5000 Yes
6000 Yes
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Footprintfor AP1000F (87,000 |b total -
45,500 |Ib/drive axle; 41,500 Ib/hopper)
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