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1. Introduction

Since 1995, Federal grant assurances have required that to continue receiving Federal funding, airports
implement a pavement maintenance-management program for any pavement constructed or repaired
using Federal money. To help individual airports meet this grant assurance and improve the statewide
airport system, the Minnesota Department of Transportation (Mn/DOT) Office of Aeronautics
contracted with Applied Research Associates, Inc. (ARA) to provide pavement evaluation and
management inspections at local airports. This report contains the results of the 2018 pavement
inspections at Warroad International Memorial Airport (RRT).

Pavement conditions were assessed using the Pavement Condition Index (PCl) procedure, outlined in
Federal Aviation Administration (FAA) Advisory Circular (AC) 150/5380 and ASTM D5340 for airfield
pavements. The PCl was developed to provide a numerical value indicating overall pavement condition
that correlates well with the ratings of experienced engineers. During a PCl survey, visible signs of
deterioration within a selected sample unit are recorded and analyzed. The final calculated PCl value is
a number from 0 to 100, with 100 representing a pavement in excellent condition. The PCl evaluation
makes possible forecasting of future deterioration and allows for accurate projections of maintenance
and rehabilitative needs.

The data collected during this project were entered into the MicroPAVER pavement management
software program developed by the U.S. Army Corps of Engineers, Construction Engineering Research
Laboratory. The capabilities of MicroPAVER were utilized to meet the following project objectives:

e Update and store pavement inventory and condition data.
o Develop models to predict future conditions.

e Develop maintenance and repair recommendations.

e Report the results at the individual and statewide level.

1.1 Project Background

Aviation throughout Minnesota plays a key role in the movement of goods and services with an
estimated overall economic impact of $12.2 billion. Mn/DOT realizes the value in maintaining the paved
facilities by implementing and updating an airport pavement management system (APMS). An APMS
provides guidance for decisions regarding pavement maintenance and repair policies at an airport and
can identify short-, medium-, and long-term rehabilitation needs. Mn/DOT typically has performed PCl
inspections at each airport on a 3-year cycle so that the most recent pavement condition data in the
APMS reflect the field conditions.

12 Pavement Management Approach

The main goal of any pavement management system is to identify pavements that will receive the most
benefit from an optimally timed repair. By projecting the rate at which the pavement condition will
deteriorate, the optimal time for applying treatments can be determined. Typically, the optimal repair
time is the point at which a gradual rate of deterioration begins to increase to a much faster rate, as
illustrated in figure 1. Itis critical to identify this point in time to avoid higher rehabilitation costs caused
by excess deterioration. Figure 1 also shows conceptually how it is cheaper to maintain pavements that
are in good to fair condition, rather than wait until the poor condition requires an expensive
reconstruction treatment.
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Figure 1. Pavement condition life cycle.

Often, the identified needs will cost more than the available budget and will need to be prioritized. The
APMS can measure the impact of a limited budget scenario by projecting the future condition of
deferred projects. Ultimately, the APMS will provide Mn/DOT and the airport a planning tool that can
help identify pavement needs, optimize the selection of projects and treatments over a multi-year
period, and understand the consequences of these plans.

1.3 Scope of Work

Since 2008, Mn/DOT has retained ARA to update the APMS for 106 of Minnesota’s publicly owned
general aviation airports. Mn/DOT identified approximately 1/3 of the airports to be inspected each
year and provided the available construction history information and existing MicroPAVER databases for
each airport. ARA coordinated the PCl inspections with each airport. After the field work was
completed, ARA updated the MicroPAVER database and computer-aided drafting (CAD) map for each
airport. MicroPAVER was then used to develop a maintenance work plan based on current distresses.
In addition, a 5-year projection identifying work levels of recommended pavement repair needs was
prepared at the state level for the various stakeholders to use as a planning tool. Individual reports,
such as this one, were prepared for each airport documenting the results of the pavement inspections.
A statewide analysis report was prepared based on that inspection year’s airports. The airport maps
were linked to the MicroPAVER database to allow for geographic information system (GIS) viewing of
data. In addition, training was provided on the use of the MicroPAVER software and PCl procedure.
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2. Project Approach

2.1 Update Pavement Inventory

The pavement inventory at RRT represents the airfield pavements that are intended for aviation-related
traffic. The main objective in updating the pavement inventory was to determine the year of the
construction (or most recent overlay), the limits of the project, and the surface type for each pavement
area based on construction history. When available, Mn/DOT provided this information for the
pavement-related projects for areas not already included in previous inspections. ARA then used this
information to update the pavement section definitions on the CAD map and MicroPAVER database
based on project limits, surface type, layer properties, traffic patterns, and overall condition.

2.1.1 Pavement Network Definition

The construction history information was used to divide the pavement network at RRT into
management units—branches, sections, and sample units. A branch is a single entity that serves a
distinct function. For example, a runway is considered a branch because it serves a single function
(allowing aircraft to take off and land). On an airfield, a branch typically represents an entire runway,
taxiway, or apron.

Because of the disparity of characteristics that can occur throughout a branch, it is further subdivided
into units called sections. A section is a portion of the pavement that has uniform construction history,
pavement structure, traffic patterns, and condition throughout its entire length or area. Sections are
used as a management unit for the selection of potential maintenance and rehabilitation projects. The
guideline used in deciding where section breaks are located is to think of the section as the "repair
unit"—a portion of the pavement that will be managed independently and evaluated separately for
pavement maintenance and rehabilitation.

Pavement sections are further subdivided into sample units for inspection purposes. The typical sample
unit size for asphalt concrete (AC) pavements is 5,000 square feet + 2,000 square feet and 20 slabs + 8
slabs for portland cement concrete (PCC) pavements. A statistical based sampling rate was used to
determine the number of sample units to inspect for each section. The inspected sample units were
representative of the overall condition within a section and were used to extrapolate the condition as a
whole.

2.1.2 Naming Scheme

For the pavement management system to work efficiently, some unique identifiers were added to the
database. The branch names assigned were designed to assist in identification of the pavement area.
The first characters are used to identify the pavement use—apron, runway, taxiway, or taxilane
(pavement in and around hangar areas). The next character is a number or letter used to further
identify the pavement branch (such as RY1331 for Runway 13-31 or CTA for Connecting Taxiway A). The
sections for each branch are assigned a number starting with 001, 002, and so on. Table 1 presents the
branches defined for RRT and their corresponding areas. For those airports with taxiway guidance signs,
the branch ID may or may not match up with the signage in the field; however, the branch name will
correspond.

Warroad International Memorial Airport Page 3



+ ARA

Figure 2 presents the network definition for RRT and represents the pavements included in the APMS.
Some privately built/maintained pavements and “driveways” leading into hangars may not be included
here because they are considered outside the scope of work.

Table 1. Branch definition.

Branch Id Name Number of Sections Area (SF)

APA APRON A 4 167,065
CTA CONNECTING TAXIWAY A 1 20,088
CTB CONNECTING TAXIWAY B 1 22,144
PTA PARALLEL TAXIWAY A 1 233,136
RY1331 RUNWAY 13-31 2 540,000
TLA TAXILANE A 1 10,500
TLB TAXILANE B 1 41,000
Airport Total 1,033,933

Warroad International Memorial Airport
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2.2 Pavement Evaluation

The pavement surfaces at RRT were visually inspected on June 30, 2018, using the PCl procedure.
During a PCl inspection, inspectors walk over the surface of the pavement and identify visible signs of
distress within a sample unit. Appendix A presents the scalable map used during the inspection to
locate the inspected sample units. Each distress type is identified, then classified as low, medium, or
high severity, and recorded on field sheets. In general, the higher the severity, the higher the foreign
object damage (FOD) potential. The quantity, or extent, is measured for each distress/severity
combination.

After collecting and summarizing the distress type, severity, and quantity for each of the inspected
sample units, the distress data were entered into the MicroPAVER database and a PCl was calculated.
The PCl procedure uses established deduct curves to determine the number of points to deduct for each
distress type/severity combination, depending on the density of the distress. The inspected sample unit
PClI’s were then averaged to determine an overall PCI for that section.

The PCl value provides a general sense as to the level of rehabilitation that will be needed to repair a
given pavement. In general terms, maintenance activities such as crack sealing and patching often
provide benefit when the PCl is above 60. However, as the pavement continues to deteriorate, more
complex and expensive treatments will be necessary. Pavements with a PCl between 40 and 60 are
good candidates for a variety of major repairs ranging from overlays to reconstruction. Once the PCl
drops below 40, reconstruction is typically the only viable alternative. Figure 3 presents the PCl inputs,
rating scale, and the corresponding general work repair levels.

Rating Work repair levels
100
Distress Preventive
Severity 8 Maintenance
70
A o Good ke e e
Distress Type » P R Major Rehabilitation
40 BRI
/ Poor
25 Reconstruction
Distress 10 Very Poor
Quantity
0

Figure 3. PCl rating scale and repair levels.
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To better understand the cause of pavement deterioration, it is necessary to look at the distress types
associated with each PCI. Each distress type has been classified into one of three groups based on
cause—load, climate/durability, or other. Load-related distresses such as alligator cracking in asphalt
pavements, or corner breaks in PCC pavements, indicate that the structural integrity of the pavement
has been compromised. Climate-related distresses indicate that the pavement has aged due to seasonal
environmental effects. Distresses that cannot be attributed solely to either load or climate are classified
as other. Table 2 presents the asphalt and PCC distress types in the PCl procedure, their classification,

and identifies which distresses were observed at RRT during the pavement inspection.

Table 2. PCl distress types.

Asphalt Distresses

Cause
Classification

PCC Distresses

Cause

Classification

Alligator cracking Load Blowup Climate
Bleeding Other Corner break Load
Block cracking Climate Linear cracking Load
Corrugation Other Durability cracking Climate
Depression Other Joint seal damage Climate
Jet blast Other Small patch Other
Joint reflection cracking Climate Large patch Other
L&T cracking Climate Popouts Other
Oil spillage Other Pumping Other
Patching Other Scaling/crazing Other
Polished aggregate Other Faulting Other
Raveling Climate Shattered slab Load
Rutting Load Shrinkage cracking Other
Shoving Other Joint spalling Other
Slippage cracking Other Corner spalling Other
Swelling Other Alkali Silica Reaction Climate
Weathering Climate

| Indicates distresses found at RRT

Warroad International Memorial Airport
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2.3 PCI Results

The results of the 2018 PCl inspection are presented in figure 4. The overall area-weighted, inspected
PCl for RRT is 72. When summarizing PCl values, an area-weighted calculation is used instead of a
straight mathematical average because the area-weighted calculations eliminate the skewing of the PCI
due to the disparity of the section sizes.

Figures 5 and 6 present the overall PCl for RRT by area distribution and pavement use, respectively.
Table 3 presents the PCl summary for each section at RRT, including the drop in PCI per year. Generally,
pavement sections will deteriorate between 1 and 3 PCl points per year. Sections deteriorating at
higher rates may need maintenance above the normal application rates and should be closely
monitored in case major repairs become necessary earlier than expected.

Appendix C contains the detailed inspection report with sample unit data produced from MicroPAVER.
Appendix D describes the distress types most commonly identified during the PCl inspections of
Minnesota airports.
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Table 3. PCl section summary table.
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Branch ID | Section ID S:;;aeie asrz(:l(::) LCD? 2;) (]:.|5 2: (1:"8 E::T;’erg 25;““;;:;25 Distress types
APA 001 | AAC | 50,000 2012 93 | 8 | 23 i 82 \LAfaiL'e?i'r'];p'”age' swelling,
APA 002 AAC 73,750 2012 92 80 3.3 - 100 L&T cr, Weathering
APA 003 | Pcc | 2,700 1991 83 | 83 | .6 . 69 | gomyer eI e oIt seal damage, Joint

Alligator cr, Depression, L&T cr,
APA 004 AC 40,615 2004 71 57 3.1 24 36 Patching, Raveling, Swelling,
Weathering
CTA 001 AC 20,088 1991 74 72 1.0 - 100 L&T cr, Paching
CTB 001 AC 22,144 1991 69 69 1.2 - 78 Depression, L&T cr, Swelling
PTA 001 AC 233,136 1991 71 65 1.3 - 77 Depression, L&T cr, Swelling
RY1331 001 AC 385,000 2008 78 75 2.5 - 100 L&T cr, Raveling
RY1331 002 AC 155,000 2008 74 70 3.0 - 100 L&T cr, Raveling
TLA 001 AAC 10,500 2012 88 88 2.0 - 47 L&T cr, Shoving, Weathering
TLB 001 AC 41,000 2003 69 66 2.2 - 100 L&T cr, Patching, Weathering

IAC = asphalt cement; AAC = asphalt overlaid with asphalt; PCC = portland cement concrete; APC = PCC overlaid with asphalt
2LCD = last construction date (original construction, last overlay, or reconstruction [whichever is most recent])
3Drop in PCI/Yr = (100 — PCl)/age where age = 2018 - LCD

4Percent of deduct due to load = Percentage of PCl points subtracted from 100 for load related distresses

SPercent of deduct due to climate = Percentage of PCl points subtracted from 100 for climate/durability related distresses

Warroad International Memorial Airport
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Major
600,000 L Reconstruction . Rehabilitation Preventive Maintenance

56-70
500,000 | 71-85

400,000 |

300,000 |

Pavement Area (SF)

200,000 |
100,000 | 86-100

0-10 11-25 26-40 41-55 ._
0 ) 1

Pavement Condition Index (PCl) Range

Figure 5. Condition distribution.

Average PCI
| | |
Apron, 76 I
Statewide Avg, 71 I

Runway, 74 I
Statewide Avg, 77 I

Pavement Use

Taxilane, 70 I
Statewide Avg, 65 I

Taxiway, 66 I
Statewide Avg, 74 |
| | |

0 20 40 60 80 100
Pavement Condition Index (PCl)

Figure 6. Area-weighted PCl by pavement use.
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2.4 Projected PCI

After the 2018 distress data was entered into MicroPAVER and the PCl determined, a modeling
approach was used to predict future PCl levels based on historical PCI data from Mn/DOT's airports.
Pavements were grouped together in performance families based on similar construction, traffic,
pavement use, and other factors affecting pavement performance. These performance models predict
future PCI, not future distresses.

Figure 7 shows the projected PCl at RRT by percent area for the next 5 years assuming no major repairs
(overlays, reconstruction, etc.) are performed during that period. It shows how quickly a pavement
network can deteriorate when no capital improvements are made.

100%

90%

80%
§ 70% B PCI 86-100
£ 0% EPCI 71-85
9 OPCI 56-70
o 50% mPCI 41-55
<
w -
2 a0 mPCI 26-40
: BPCI11-25
W 30% mPCI < 10
i

20%

10%

0%

2019 2020 2021 2022 2023
YEAR

Figure 7. Projected PCl by percent area.
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3. Recommendations

A 5-year maintenance and rehabilitation program was developed for RRT based on the 2018 pavement
inspections and the anticipated PCI deterioration for this period. The recommendations are divided into
two categories—near term maintenance (Local M&R) and major rehabilitation (Major M&R). The near
term maintenance is intended to address annual maintenance needs such as crack sealing and localized
patching. The major rehabilitations are applied globally and are capable of returning the pavement to a
nearly distress free-state. Costs for both categories are based on industry averages and may have to be
adjusted to account for local costs.

The last portion of the report covers the FAA Grant Assurance Number 11 and the steps the airport must
take to remain in compliance with this program.

3.1 Near Term Maintenance

Near term maintenance is considered activities such as crack sealing, patching, and surface treatments
that help to slow down the rate that a pavement is deteriorating. Localized maintenance policies and
unit costs were developed with Mn/DOT for both asphalt and PCC surfaces; each policy presents the
recommended maintenance treatment for each distress/severity combination and are presented in
appendix E.

Table 4 presents the summarized maintenance work quantities and estimated cost to apply this near
term maintenance plan at RRT. The repair quantities are based on extrapolated distress quantities from
the 2018 PCl inspection. National averages of unit costs are used to estimate total costs for each
treatment type; adjustments of local unit costs rates may be necessary for each airport to more
accurately determine the maintenance budgetary needs.

Table 4. Summary of maintenance work plan.

Work Description Work Quantity Work Units Unit Cost Work Cost
Crack Sealing - AC 6,206 Ft 1.26/Ft $7,820
Joint Seal (Localized) 417 Ft 1.92/Ft $801
Patching - AC Deep 961 SqFt 11.82/SqFt $11,376
Patching - AC Shallow 537 SqFt 7.95/SqFt $4,268
Patching - PCC Partial Depth 2 SqFt 10.68/SqFt $29
Surface Treatment 29,775 SqFt 0.52/SqFt $15,483
Total $39,777

Detailed results are reported by section and by treatment type in appendix F. Table F1 summarizes the
maintenance that could be done for each pavement section by type of repair, and estimated quantity of
repair. Likewise, table F2 summarizes the quantity for each repair type across the entire airport.

When using this plan, it is recommended that the entire section be viewed to determine whether the
identified distress types are so advanced in density and severity that maintenance efforts will no longer
be cost-effective. Maintenance treatments are most cost-effective when applied to pavements that are
generally in good condition. It is also important to understand that the maintenance plan is based on
the distress types, severities, and quantities found during the 2018 PCl survey. As field conditions

Warroad International Memorial Airport Page 15
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change, the maintenance plan will become less accurate. Therefore, the maintenance plan will be most
useful the sooner it is implemented. Applying maintenance treatments should be an annual event at
the airport, and this maintenance plan can serve as a baseline for that work. Guidelines for performing
crack sealing and patching techniques are provided in appendix G.

3.2 Major Rehabilitation

In addition to the annual maintenance activities such as crack sealing and patching, some pavements
may require more substantial rehabilitation. As a planning aid to the airport, Mn/DOT, and FAA, table 5
provides a summary from MicroPAVER of the predicted 5-year pavement rehabilitation needs at RRT.
Although the predicted rehabilitation timeline identifies specific sections and the general timing for the
repair, more in-depth project-level studies will be needed to determine exactly how to fix each
pavement. Routine maintenance should also be programmed annually throughout the airport, but
these efforts should be coordinated with the following rehabilitation recommendations.

The pavement sections identified for major rehabilitation in this report are at or are predicted to reach a
condition level where either overlays or reconstruction should be considered. Note that this analysis is
based on an unconstrained budget, and these recommendations will need to be adjusted to account for
economic and operational considerations. Additionally, identifying projects for work does not
guarantee that Federal or State funding will be available to complete the work in the year shown. The
airport and Mn/DOT should view these recommendations as viable projects when preparing future
Capital Improvement Plans (CIP).

Table 5. Recommended 5-year major rehabilitation plan.

Branch ID | Section ID | Year Predicted PCI Before Rehab | Estimated Cost
No sections at LYV are predicted to require reconstruction or major rehabilitation in the next 5 years

5-year Airport Total | S

3.3 Federal Guidelines

In 1995, Congress mandated that the FAA require, as a condition of grant funding, that airports be
prepared to present documentation of a maintenance management program on pavement that has
been constructed, reconstructed, or repaired with Federal assistance.

The FAA has defined an acceptable maintenance management program, and this report fulfills many
requirements of such a program, including documenting:

e Locations of all runways, taxiways, and aprons.

e Dimensions of the pavement system.

e Types of pavement.

e Year of construction or most recent major rehabilitation.

However, the airport owner must be an active participant, specifically by implementing the following
actions:

Warroad International Memorial Airport Page 16
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e Annotate pavement areas that have been constructed, reconstructed, or repaired with Federal
financial assistance.

e Conduct a "drive-by" inspection at least monthly to detect changes in pavement condition.

e Keep complete records of maintenance activities. Record the date of each "drive-by" inspection
and any maintenance performed as a result. Records must be maintained on file for a minimum
of 5 years.

e Document detailed inspection information with a history of recorded pavement deterioration by
PCl survey (e.g., this report).

An example of a form that can be completed during “drive-by” inspections is provided in appendix G.
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Re-Inspection Report
minn_2018_working_2018_08_28

Generated Date 9/6/2018 Page 1 of 11
Network: RRT Name: WARROAD

Branch: APA Name: APRON A Use: APRON Area: 167,065 SqFt

Section: 001 of 4 From: 100 To: 402 Last Const.: 7/18/2012
Surface: AAC Family: ~ MN2018 Asphalt Aprons ~ Zone: N Category: 2 Rank: S

Area: 50,000 SqFt Length: 300 Ft Width: 175Ft

Slabs: Slab Length: Ft Slab Width: Ft Joint Length: Ft

Shoulder: Street Type: Grade: 0 Lanes: 0

Section Comments:

Last Insp. Date:  6/30/2018 TotalSamples: 12 Surveyed: 3
Conditions: PCI: 86

Inspection Comments:

Sample Number: 101 Type: R Area: 5000.00 SqFt PCI: 88
Sample Comments: filler on sawed joints is beginning to fail

57 WEATHERING L 500.00 SqFt

48 L&TCR L 150.00 Ft

Sample Number: 202 Type: R Area: 5000.00 SqFt PCI: 83
Sample Comments: sawed joints are counted

48 L&TCR M 43.00 Ft

48 L&TCR L 47.00 Ft

57 WEATHERING L 500.00 SqFt

Sample Number: 300 Type: R Area: 5000.00 SqFt PCI: 87
Sample Comments: sawed joints are counted

56 SWELLING L 20.00 SqFt

49 OIL SPILLAGE N 8.00 SqFt

57 WEATHERING L 500.00 SqFt

48 L&TCR L 100.00 Ft



Network: RRT Name: WARROAD

Branch: APA Name: APRON A Use:  APRON Area: 167,065 SqFt
Section: 002 of 4 From: 103 To: 506 Last Const.: 7/18/2012
Surface: AAC Family:  MN2018 Asphalt Aprons ~ Zone: N Category: 2 Rank: S
Area: 73,750 SqFt Length: 250 Ft Width: 225 Ft

Slabs: Slab Length: Ft Slab Width: Ft Joint Length: Ft
Shoulder: Street Type: Grade: 0 Lanes: 0

Section Comments:

Last Insp. Date: 6/30/2018 TotalSamples: 16 Surveyed: 4

Conditions:  PCI: 80

Inspection Comments:

Sample Number: 204 Type: R Area: 5000.00 SqFt PCI: 83

Sample Comments:

48 L&TCR L 163.00 Ft

57 WEATHERING L 500.00 SqFt

48 L&TCR M 37.00 Ft

Sample Number: 303 Type: R Area: 5000.00 SqFt PCI: 83

Sample Comments: sawed joints counted

48 L&TCR M 43.00 Ft

57 WEATHERING L 500.00 SqFt

48 L&TCR L 57.00 Ft

Sample Number: 305 Type: R Area: 5000.00 SqFt PCI: 79

Sample Comments:

48 L&TCR L 37.00 Ft

48 L&TCR M 63.00 Ft

57 WEATHERING M 500.00 SqFt

Sample Number: 404 Type: R Area: 5000.00 SqFt PCI: 75

Sample Comments:

48 L&TCR M 110.00 Ft

57 WEATHERING L 400.00 SqgFt

57 WEATHERING M 100.00 SqFt

48 L&TCR L 67.00 Ft



Network: RRT Name: WARROAD

Branch: APA Name: APRON A Use:  APRON Area: 167,065 SqFt

Section: 004 of 4 From: 100 To: 401 Last Const.: 9/30/2004
Surface: AC Family:  MN2018 Asphalt Aprons ~ Zone: N Category: 2 Rank: S

Area: 40,615 SqFt Length: 210 Ft Width: 195 Ft

Slabs: Slab Length: Ft Slab Width: Ft Joint Length: Ft
Shoulder: Street Type: Grade: 0 Lanes: 0

Section Comments:

Last Insp. Date: 6/30/2018 TotalSamples: 8 Surveyed: 3
Conditions:  PCI: 57

Inspection Comments:

Sample Number: 201 Type: R Area: 5500.00 SqFt PCl: 68
Sample Comments:

48 L&TCR L 192.00 Ft
48 L&TCR M 4.00 Ft
50 PATCHING L 692.00 SqFt
57 WEATHERING M 4000.00 SqFt
Sample Number: 300 Type: R Area: 5000.00 SqFt PCI: 73
Sample Comments:

48 L&TCR M 82.00 Ft
57 WEATHERING M 750.00 SqFt
57 WEATHERING L 200.00 SqFt
48 L&TCR L 119.00 Ft
52 RAVELING L 20.00 SqFt
Sample Number: 301 Type: R Area: 5500.00 SqFt PCI: 31
Sample Comments: no longer additional

48 L&TCR L 120.00 Ft
56 SWELLING M 48.00 SqFt
56 SWELLING L 49.00 SqFt
48 L&TCR M 46.00 Ft
41 ALLIGATOR CR L 20.00 SqFt
41 ALLIGATOR CR M 90.00 SqFt
56 SWELLING H 120.00 SqgFt
45 DEPRESSION L 150.00 SqFt
50 PATCHING L 706.00 SqFt



Network: RRT Name: WARROAD

Branch: APA Name: APRON A Use:  APRON Area: 167,065 SqFt

Section: 003 of 4 From: 300 To: 300 Last Const.:  9/30/1991
Surface: PCC Family:  MN2018 PCC Zone: N Category: 2 Rank: S

Area: 2,700 SqFt Length: 60 Ft Width: 45 Ft

Slabs: 25 Slab Length: 10Ft Slab Width: 11Ft Joint Length: 417 Ft

Shoulder: Street Type: Grade: 0 Lanes: 0

Section Comments:

Last Insp. Date: 6/30/2018 TotalSamples: 1 Surveyed: 1
Conditions: PCI: 83

Inspection Comments:

Sample Number: 300 Type: R Area: 25.00 Slabs PCI: 83
Sample Comments:
74 JOINT SPALL L 1.00 Slabs

75 CORNER SPALL 1.00 Slabs
65 JT SEAL DMG H 25.00 Slabs

T



Network: RRT Name: WARROAD

Branch: CTA Name: CONNECTING TAXIWAY A Use:  TAXIWAY Area: 20,088 SqFt

Section: 001 of 1 From: 100 To: 104 Last Const.: 9/30/1991

Surface: AC Family: ~ MN2018 Asphalt Runway- Zone: N Category: 2 Rank: P
Taxiways

Area: 20,088 SgFt Length: 477 Ft Width: 40 Ft

Slabs: Slab Length: Ft Slab Width: Ft Joint Length: Ft

Shoulder: Street Type: Grade: 0 Lanes: 0

Section Comments:  patched swelling over culvert

Last Insp. Date: 6/30/2018 TotalSamples: 5 Surveyed: 2

Conditions: PCI: 72

Inspection Comments:

Sample Number: 102 Type: A Area: 4000.00 SqFt PCI: 62

Sample Comments: Micro Seal OK Crack Seal OK

48 L&TCR L 382.00 Ft

48 L&TCR M 32.00 Ft

50 PATCHING M 160.00 SqgFt

50 PATCHING L 400.00 SgFt

Sample Number: 103 Type: R Area: 4000.00 SqFt PCl: 74

Sample Comments:

48 L&TCR L 325.00 Ft

48 L&TCR M 84.00 Ft



Network: RRT

Name: WARROAD

Branch: CTB Name: CONNECTING TAXIWAY B Use:  TAXIWAY Area: 22,144 SqFt

Section: 001 of 1 From: 100 To: 104+20 Last Const.: 9/30/1991

Surface: AC Family: ~ MN2018 Asphalt Runway- Zone: N Category: 2 Rank: S
Taxiways

Area: 22,144 SgFt Length: 520 Ft Width: 40 Ft

Slabs: Slab Length: Ft Slab Width: Ft Joint Length: Ft

Shoulder: Street Type: Grade: 0 Lanes: 0

Section Comments:

Last Insp. Date: 6/30/2018 TotalSamples: 5 Surveyed: 2

Conditions:  PCI:

Inspection Comments:

Sample Number: 102 Type: R Area: 4000.00 SqFt PCI: 70

Sample Comments: Micro Seal and Crack Seal OK

56 SWELLING L 50.00 SqFt

48 L&TCR L 355.00 Ft

48 L&TCR M 113.00 Ft

Sample Number: 103 Type: R Area: 4000.00 SqFt PCl: 68

Sample Comments:

48 L&TCR L 360.00 Ft

56 SWELLING L 90.00 SqFt

45 DEPRESSION L 60.00 SqFt



Network: RRT Name: WARROAD

Branch: PTA Name: PARALLEL TAXIWAY A Use:  TAXIWAY Area: 233,136 SqFt

Section: 001 of 1 From: 100 To: 157+60 Last Const.: 9/30/1991

Surface: AC Family: ~ MN2018 Asphalt Runway- Zone: N Category: 2 Rank: P
Taxiways

Area: 233,136 SqFt Length: 5,820 Ft Width: 40 Ft

Slabs: Slab Length: Ft Slab Width: Ft Joint Length: Ft

Shoulder: Street Type: Grade: 0 Lanes: 0

Section Comments:  maint. R&E (crack seal)

Last Insp. Date: 6/30/2018 TotalSamples: 58 Surveyed: 7

Conditions:  PCI: 65

Inspection Comments:

Sample Number: 106 Type: R Area: 4000.00 SqFt PCI: 68

Sample Comments:

48 L&TCR M 47.00 Ft

48 L&TCR L 541.00 Ft

Sample Number: 115 Type: R Area: 4000.00 SqFt PCI: 68

Sample Comments:

48 L&TCR L 530.00 Ft

48 L&TCR M 32.00 Ft

Sample Number: 124 Type: R Area: 4000.00 SqFt PCI: 66

Sample Comments:

48 L&TCR M 56.00 Ft

48 L&TCR L 590.00 Ft

Sample Number: 133 Type: R Area: 4000.00 SqFt PCI: 64

Sample Comments:

48 L&TCR M 46.00 Ft

45 DEPRESSION L 12.00 SqFt

48 L&TCR L 620.00 Ft

Sample Number: 142 Type: R Area: 4000.00 SqFt PCIl: 66

Sample Comments:

48 L&TCR M 29.00 Ft

48 L&TCR L 606.00 Ft

Sample Number: 151 Type: R Area: 4000.00 SqFt PCI: 63

Sample Comments:

48 L&TCR M 47.00 Ft

48 L&TCR L 530.00 Ft

45 DEPRESSION L 38.00 SqFt

Sample Number: 156 Type: A Area: 4000.00 SqFt PCl: 44

Sample Comments:

48 L&TCR M 53.00 Ft

56 SWELLING M 80.00 SqFt

56 SWELLING L 320.00 SqFt

48 L&TCR L 300.00 Ft

48 L&TCR L 675.00 Ft

45 DEPRESSION L 36.00 SqFt



Network: RRT Name: WARROAD

Branch: RY1331 Name: RUNWAY 13-31 Use:  RUNWAY Area: 540,000 SqFt
Section: 001 of 2 From: 100 To: 176 Last Const.:  9/30/2008
Surface: AC Family: ~ MN2018 Asphalt Runway- Zone: N Category: 2 Rank: P

Taxiways
Area: 385,000 SqFt Length: 3,850 Ft Width: 100 Ft
Slabs: Slab Length: Ft Slab Width: Ft Joint Length: Ft
Shoulder: Street Type: Grade: 0 Lanes: 0

Section Comments:  porous friction course

Last Insp. Date: 6/30/2018 TotalSamples: 77 Surveyed: 8
Conditions:  PCl: 75

Inspection Comments:

Sample Number: 106 Type: R Area: 5000.00 SqFt PCI: 75

Sample Comments:

48 L&TCR L 314.00 Ft

52 RAVELING L 50.00 SqFt

52 RAVELING H 4.00 SgFt

Sample Number: 115 Type: R Area: 5000.00 SqFt PCI: 71

Sample Comments:

52 RAVELING H 15.00 SqFt

48 L&TCR L 356.00 Ft

52 RAVELING M 20.00 SqFt

52 RAVELING L 25.00 SqFt

Sample Number: 124 Type: R Area: 5000.00 SqFt PCI: 70
Sample Comments:

52 RAVELING M 35.00 SqFt

52 RAVELING L 700.00 SqFt

48 L&TCR L 376.00 Ft

Sample Number: 133 Type: R Area: 5000.00 SqFt PCI: 76
Sample Comments:

48 L&TCR L 350.00 Ft

52 RAVELING L 600.00 SqFt

Sample Number: 142 Type: R Area: 5000.00 SqFt PCI: 78
Sample Comments:

52 RAVELING L 800.00 SqFt

48 L&TCR L 300.00 Ft

Sample Number: 151 Type: R Area: 5000.00 SqFt PCI: 77
Sample Comments:

52 RAVELING L 1000.00 SqgFt

48 L&TCR L 323.00 Ft

Sample Number: 160 Type: R Area: 5000.00 SqFt PCI: 76
Sample Comments:

48 L&TCR L 350.00 Ft

52 RAVELING L 1300.00 SqgFt

Sample Number: 169 Type: R Area: 5000.00 SqFt PCI: 76
Sample Comments:

48 L&TCR L 367.00 Ft

52 RAVELING L 650.00 SqFt



Network: RRT Name: WARROAD

Branch: RY1331 Name: RUNWAY 13-31 Use:  RUNWAY Area: 540,000 SqFt

Section: 002 of 2 From: 177 207 Last Const.:  9/30/2008

Surface: AC Family: ~ MN2018 Asphalt Runway- Zone: Category: 2 Rank: P
Taxiways

Area: 155,000 SqFt Length: 1,550 Ft Width: 100 Ft

Slabs: Slab Length: Ft Slab Width: Joint Length: Ft

Shoulder: Street Type: 0 Lanes: 0

Section Comments:  porous friction course

Last Insp. Date: 6/30/2018 TotalSamples: 31 Surveyed: 4

Conditions:  PCI:

Inspection Comments:

Sample Number: 180 Type: R Area: 5000.00 SqFt PCI: 67

Sample Comments:

48 L&TCR L 338.00 Ft

52 RAVELING L 300.00 SqFt

48 L&TCR M 12.00 Ft

52 RAVELING M 8.00 SqgFt

Sample Number: 187 Type: R Area: 5000.00 SqFt PCI: 72

Sample Comments:

48 L&TCR M 34.00 Ft

48 L&TCR L 233.00 Ft

52 RAVELING M 7.00 SqgFt

52 RAVELING L 650.00 SqFt

Sample Number: 194 Type: R Area: 5000.00 SqFt PCI: 73

Sample Comments:

48 L&TCR L 450.00 Ft

52 RAVELING L 400.00 SqgFt

Sample Number: 201 Type: R Area: 5000.00 SqFt PCI: 67

Sample Comments:

48 L&TCR L 342.00 Ft

48 L&TCR M 20.00 Ft

52 RAVELING L 200.00 SqFt

52 RAVELING H 1.00 SgFt

52 RAVELING M 6.00 SqFt



Network: RRT Name: WARROAD

Branch: TLA Name: Taxilane A Use:  TAXILANE Area: 10,500 SqFt

Section: 001 of 1 From: 100 To: 101 Last Const.: 7/18/2012
Surface: AAC Family:  MN2018 Asphalt Taxilanes Zone: N Category: 2 Rank: T

Area: 10,500 SgFt Length: 180 Ft Width: 40 Ft

Slabs: Slab Length: Ft Slab Width: Ft Joint Length: Ft
Shoulder: Street Type: Grade: 0 Lanes: 0

Section Comments:

Last Insp. Date: 6/30/2018 TotalSamples: 2 Surveyed: 2
Conditions: PCIl: 88

Inspection Comments:

Sample Number: 100 Type: R Area: 4000.00 SqFt PCI: 77

Sample Comments:

48 L&TCR L 6.00 Ft

48 L&TCR M 36.00 Ft

54 SHOVING M 60.00 SgFt

Sample Number: 101 Type: R Area: 5000.00 SqFt PCI: 96
Sample Comments: area is 5000

57 WEATHERING L 200.00 SqFt

48 L&TCR L 10.00 Ft



Network: RRT Name: WARROAD

Branch: TLB Name: Taxilane B Use:  TAXILANE Area: 41,000 SqFt
Section: 001 of 1 From: 100 To: 110 Last Const.: 6/1/2003
Surface: AC Family:  MN2018 Asphalt Taxilanes Zone: N Category: 2 Rank: T
Area: 41,000 SqFt Length: 820 Ft Width: 50 Ft

Slabs: Slab Length: Ft Slab Width: Ft Joint Length: Ft
Shoulder: Street Type: Grade: 0 Lanes: 0

Section Comments:  maint. R&E (crack seal)

Last Insp. Date: 6/30/2018 TotalSamples: 11 Surveyed: 3

Conditions: PCI: 66

Inspection Comments:

Sample Number: 102 Type: R Area: 4000.00 SqFt PCI: 81

Sample Comments:

57 WEATHERING L 3900.00 SqFt

48 L&TCR L 180.00 Ft

Sample Number: 106 Type: R Area: 5700.00 SqFt PCI: 57

Sample Comments:

57 WEATHERING M 1600.00 SqFt

48 L&TCR L 285.00 Ft

50 PATCHING L 60.00 SqFt

48 L&TCR H 30.00 Ft

57 WEATHERING L 3000.00 SqFt

48 L&TCR M 174.00 Ft

Sample Number: 109 Type: R Area: 5800.00 SqFt PCI: 66

Sample Comments:

57 WEATHERING M 4000.00 SqFt

48 L&TCR M 158.00 Ft

48 L&TCR L 219.00 Ft

57 WEATHERING L 1000.00 SqFt

48 L&TCR H 31.00 Ft
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Example of Patching

09/24/2008:2:48 pin

Patched areas are defined when a portion of the original pavement is replaced with a material intended
as a semi-permanent repair. A patch is documented as a defect because it is considered a break in the
integrity of the pavement structure. Patches are constructed for a variety of reasons including utility
repairs, correcting grade issues, and addressing a defect in the original pavement.

The severity level of patches is determined by the amount of distress (i.e. cracking, depression,
weathering/raveling, etc.) occurring within the limits of the patched area.

Example of Rutting

Ruts are localized, load related, areas of pavement having elevations lower than the surrounding
sections. Rutting is due to base and subgrade consolidation, caused by excessive wheel loads or poor
compaction. Ruts indicate structural failure, and can cause hydroplaning. At low severity, ruts have an
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average depth of % to % inches. At medium severity, ruts have an average depth of % to 1 inch. High
severity, ruts have an average depth greater than 1 inch.
Full-depth patching is the appropriate repair for ruts.

Rigid (Concrete) Pavement Distress

Example of Longitudinal, Transverse, and Diagonal Cracking

LTD cracking is most often a result of externally applied loads and/or constrained temperature
deformations. External loads cause LTD cracking through flexure. Temperature changes on restrained
slabs will result in stresses due to friction or curling. When any of these stresses exceed the strength of
the slab, cracking will occur. LTD cracking is recorded at low, medium, or high severity, depending on the
width of crack opening and degree of deterioration. At low severity, the crack is less than 1/8th inch
wide with little spalling and no corrective action is indicated. At medium severity, LTD cracks can be up
to 1 inch wide with moderate spalling, and should be repaired and sealed using procedures similar to
joint sealing. At high severity, cracks exceed 1 inch in width and may be severely spalled. High-severity
LTD cracking is evidence of serious load failure of the slab, and correction may require patching or slab
replacement. If the distress occurs in several adjacent slabs at medium or high severity, major
rehabilitation of that pavement area is indicated.

When a slab is divided by LTD cracks into four or more pieces, the slab is said to be "divided" or
"shattered." Shattered slab is a separate distress category and is indicative of significant structural
failure as the slab loses its ability to distribute loads to subgrade and further slab deterioration can be
expected. Shattered slabs are rated in three severities, with slab replacement recommended for
medium and high severities.
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Example of Shrinkage Cracking

Shrinkage cracks are small, nonworking (no spalling along edge) cracks that are visible at the surface but
do not penetrate through the full depth of concrete. Shrinkage cracks most commonly occur shortly
after construction due to concrete shrinkage during the curing process. Shrinkage cracks are usually so
small that they are not visible until staining or material loss at crack edges begins to take place.
Shrinkage cracks do not represent a structural weakness, and no corrective action is prescribed.

Example of Joint and Corner Spalling

Spalls at slab joints and corners are caused by excessive internal stress in the pavement. Spalls occur
when these stresses exceed the shear strength of the concrete. Spalling usually results from thermal
expansion during warm or hot weather. As slabs expand, they push against one another at joints. If the
joints are filled with incompressibles, such as sand, or if adjacent slabs offset slightly, stresses can
become severe, causing spalls. Spalling can be reduced significantly by conscientious maintenance of
joint sealant.

Spall repair requires patching. The extent and severity of spalling on a pavement surface suggests
appropriate action. For example, at low severity, spalled concrete remains securely in place in the slab.
A low-severity spall should be monitored closely for further deterioration and should be patched when
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spalled particles become loose in place, or at the next scheduled patching activity in the section.
Medium- and high-severity spalls should be repaired immediately to prevent the incidence of FOD. If
the pavement can be restored to serviceable condition, spalls should be carefully patched for long-term
service. If the pavement is beyond repair, temporary patching should be considered to control FOD.

Example of Durability Cracking

Durability cracking (D-cracking) is caused by environmental factors, the most common of which is
freezing/thawing. It usually appears as a pattern of hairline cracks running parallel to a joint or crack, or
in a corner, where water tends to collect. This type of cracking eventually leads to disintegration of the
pavement, creating FOD potential. At low severity, D-cracking is evident, but no disintegration has
occurred. As the distress advances to medium severity, the distress pattern is evident over a significant
area of the slab, and some disintegration and FOD potential exists. High severity durability cracking is
evidenced by extensive cracking with loose and missing pieces and significant FOD potential.

Example of Joint Seal Damage

Joint seal damage is recorded at three severities: low, medium, and high. When joint sealant is in
perfect condition (no damage), it is not a distress. At low severity, at least 10 percent of the sealant is
debonded but still in contact with the joint edges (i.e., joint sealant is in serviceable condition but should
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be monitored for evidence of more serious failure). Medium-severity joint seal damage is recorded
when at least 10 percent of the sealant has visible gaps smaller than 1/8th inch and is an indicator that
replacement should be programmed as soon as is practicable. In the meantime, aggressive inspection
and sustaining maintenance is recommended to minimize subsurface damage from moisture
penetration. At high severity, visible gaps exceed 1/8th inch and the amount and degree of joint seal
damage is such that repair is no longer feasible. The only appropriate corrective action is sealant
replacement.

On serviceable pavement, deteriorated joint sealant should be repaired or replaced to preserve
pavement and subgrade integrity and prolong service life. The issue is not so clear-cut with
unserviceable pavement. Pavement that can be restored to serviceable condition by maintenance
activities such as patching and joint seal repair, or by slab replacement, should be so maintained as long
as the process is cost-effective. However, when age and condition preclude economical return to
serviceable condition by such means, joint seal repair would no longer be cost-effective and should be
suspended except for an interim maintenance program to control FOD potential.

Joint sealant can stop the evidence of pumping (water forced to surface through joints and cracks) but
will not correct the cause (voids under pavement).
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Appendix E

Maintenance and Major Rehabilitation
Policies







Table E1. Localized maintenance policy for asphalt surfaces.

Distress type

Distress severity

Maintenance treatment

Low Crack Sealing - AC
Alligator cracking Medium Patching - AC Deep
High Patching - AC Deep
Bleeding N/A Monitor
Low Monitor
Block cracking Medium Crack Sealing - AC
High Crack Sealing - AC
Low Monitor
Corrugation Medium Patching - AC Deep
High Patching - AC Deep
Low Monitor
Depression Medium Patching - AC Shallow
High Patching - AC Deep
Jet blast N/A Patching - AC Shallow
Low Monitor
Joint reflection cracking Medium Crack Sealing - AC
High Crack Sealing - AC
o . Low Monitor
Longltudln(ilgfr ::rrzr::sk\ilsge cracking Medium Crack Sealing - AC
High Crack Sealing - AC
Qil spillage N/A Patching - AC Shallow
Low Monitor
Patching Medium Patching - AC Shallow
High Patching - AC Deep
Polished aggregate N/A Monitor
Low Monitor
Raveling Medium Surface Treatment
High Patching - AC Shallow
Low Monitor
Rutting Medium Patching - AC Deep
High Patching - AC Deep
Low Monitor
Shoving Medium Patching - AC Shallow
High Patching - AC Deep
Slippage cracking N/A Patching - AC Shallow
Low Monitor
Swelling Medium Patching - AC Deep
High Patching - AC Deep
Low Monitor
Weathering Medium Surface Treatment
High Patching - AC Shallow
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Table E2. Localized maintenance policy for PCC surfaces.

Distress type

Distress severity

Maintenance treatment

Low Patching - PCC Partial Depth
Blow up Medium Slab Replacement - PCC
High Slab Replacement - PCC
Low Monitor
Corner break Medium Patching - PCC Full Depth
High Patching - PCC Full Depth
Low Monitor
Linear cracking Medium Crack Sealing - PCC
High Patching - PCC Full Depth
Low Monitor
Durability cracking Medium Patching - PCC Full Depth
High Slab Replacement - PCC
Low Monitor
Joint seal damage Medium Joint Seal (Localized)
High Joint Seal (Localized)
Low Monitor
Small patch Medium Patching - PCC Partial Depth
High Patching - PCC Partial Depth
Low Monitor
Large patch Medium Patching - PCC Full Depth
High Patching - PCC Full Depth
Popouts N/A Monitor
Pumping N/A Monitor
Low Monitor
Scaling Medium Patching - PCC Partial Depth
High Slab Replacement - PCC
Low Monitor
Faulting Medium Grinding (Localized)
High Grinding (Localized)
Low Monitor
Shattered slab Medium Crack Sealing - PCC
High Slab Replacement - PCC
Shrinkage cracking N/A M