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INTRODUCTION

Applied Pavement Technology, Inc. (APTech), with assistance from CH2M HILL and CivilTech
Engineering, recently updated the Washington Airport Pavement Management System (APMS)
for the Washington State Department of Transportation (WSDOT) Aviation. The principal
objective for the APMS is to assess the relative condition of pavements for selected Washington
airports in the Washington State Airport System Plan (WSASP) and the Federal Aviation
Administration (FAA) National Plan of Integrated Airport Systems (NPIAS). The APMS can be
used as a tool to identify system needs, make programming decisions for funding, provide
information for legislative decision making, and assist local jurisdictions with planning
decisions.

As part of this project, pavement conditions at Anderson Field Airport were assessed in 2005
using the Pavement Condition Index (PCI) procedure. During a PCI inspection, the types,
severities, and amounts of distress present in a pavement are quantified. This information is then
used to develop a composite index that represents the overall condition of the pavement in
numerical terms, ranging from 0 (failed) to 100 (excellent). The PCI number is a measure of
overall condition and is indicative of the level of work that will be required to maintain or repair
a pavement. Further, the distress information provides insight into what is causing the pavement
to deteriorate, which is the first step in selecting the appropriate repair action.

Programmed into an APMS, PCI information is used to determine when preventive maintenance
actions (such as crack sealing) are advisable and also to identify the most cost-effective time to
perform major rehabilitation (such as an overlay). The importance of identifying not only the
type of repair but also the optimal time of repair is illustrated in Figure 1. This figure shows that
there is a point in a pavement’s life cycle where the rate of deterioration increases. The financial
impact of delaying repairs beyond this point can be severe.
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Figure 1. Pavement condition versus cost of repair.
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This report presents the pavement evaluation results for Anderson Field Airport, which can be

used by the Airport, WSDOT, and the FAA to prioritize and schedule pavement maintenance and
rehabilitation actions at the Airport.

Applied Pavement Technology, Inc. 2
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PAVEMENT INVENTORY

The first step in the pavement evaluation process was determining the extent of the pavement
infrastructure at the Airport and its characteristics. To gather this information, CH2M HILL
conducted a records review to determine when and how the Airport’s pavements were
constructed and subsequently rehabilitated.

The review concluded that approximately 360,121 square feet of runway, taxiway, and apron
pavements exist at Anderson Field Airport, as shown in Figure 2. This figure also shows the
average age of the pavements.

250,000 1

Values on the chart represent
area-weighted age in years.

200,000 -

150,000 -

100,000 -

Pavement Area (sf)

Apron Runway Taxiway

Figure 2. Anderson Field Airport pavement inventory.

Figure 3 presents the records review results in the form of a work history map. The work history
information and the Micro PAVER database (see the inside back cover of this report) ensure that
your airport complies with the “pavement inventory” and “record keeping and information

retrieval” requirements of FAA Grant Assurance 11 (discussed later in the section of this report
entitled Public Law 103-305).

Using the records review information, the pavements were divided into branches, sections, and
sample units in accordance with the FAA Advisory Circular (AC) 150/5380-6A and American
Society for Testing and Materials (ASTM) Standard D5430. A branch is a part of the pavement
system that serves a single function (i.e., runway, taxiway, or apron). A section is a portion of a
branch with common characteristics (cross-section, age, traffic level, and overall condition).
Sections are divided into sample units for the purpose of pavement inspection.

Applied Pavement Technology, Inc. 3
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Figure 4 shows how the pavement network was divided into these units and it also shows the
nomenclature used in the Micro PAVER pavement management database to identify the different
pavement areas.

Applied Pavement Technology, Inc. 4
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PAVEMENT EVALUATION
Pavement Evaluation Procedure

APTech inspected the pavements at Anderson Field Airport using the PCI procedure. This
procedure is described in FAA AC 150/5380-6A, which is presented in Appendix A, and in
ASTM Standard D5340. The PCI provides a numerical indication of overall pavement
condition, as illustrated in Figure 5. The types and amounts of deterioration are used to calculate
the PCI value of the section. The PCI ranges from 0 to 100, with 100 representing a pavement in
excellent condition.

Representative Pavement Surface' PCI
—— - |
100
60
5

'Photographs shown are not specific to the Airport.

Figure 5. Visual representation of PCI scale.

It should be noted that a PCI value is based on visual signs of pavement deterioration and does
not provide a measure of structural capacity.

Applied Pavement Technology, Inc. 7
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The types of distress identified during the PCI inspection provide insight into the cause of
pavement deterioration. PCI distress types are characterized as load-related (such as alligator
cracking on asphalt cement concrete [AC] pavements or corner breaks on portland cement
concrete [PCC] pavements), climate/durability-related (such as weathering [climate-related on
AC pavements] and D-cracking [durability-related on PCC pavements]), and other (distress types
that cannot be attributed solely to load or climate/durability). Understanding the cause of
distress helps in selecting a rehabilitation alternative that corrects the cause and thus eliminates
its recurrence.

Appendix B identifies the distress types considered during a PCI inspection and the likely cause
of each distress type.

Pavement Evaluation Results

During this project, the pavements at Anderson Field Airport were not inspected. That was
because major rehabilitation work was scheduled to occur later in 2005 after the inspections were
completed. However, the planned work was entered into the Micro PAVER database and it was
assumed that upon completion of that work the area-weighted condition of Anderson Field
Airport was 100. During the previous inspection in 1999, the area-weighted condition was 77.

Figures 6 and 7 summarize the overall condition of the pavements at the Anderson Field Airport.
Figure 8 displays the condition of the pavements evaluated. Table 1 summarizes the condition of
the pavements, which assumes that no visible signs of deterioration were present after the
rehabilitation work was completed. Appendix C would normally present photographs taken
during the PCI inspection and Appendix D would provide detailed information on the distresses
observed during the visual survey; however, since an inspection was not conducted after the
rehabilitation work was completed these two appendixes are blank.

Applied Pavement Technology, Inc. 8
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Figure 7. Anderson Field Airport area-weighted PCI by use.

Applied Pavement Technology, Inc. 9



TOTBU-01 (100)

TO2BW-01 (100

ROTBW-01 (100

AD2BI-01 (100)

TO4BM-01 (100)

>OA WEIOA G OO 2005 PAVEMENT CONDITION INDEX
T03BW-01 Goov PCI REPAIR
N
85 PREVENTIVE LEGEND
MAINTENANCE
w 70
3 BRANCH NAME
@ 55 MAJOR
% 20 REHABILITATION SECTION NUMBER
o5 2005 PCI VALUE
[ ReconsTRUCTION /
10 s R16AD-01 (100)
0
\ LOCATION: . .
Anderson Field Airport
5 600 CH2MHILL Browster, Washington
e . 9 civireck _ 7T 2005 Pavement Condition Index Map
Applied ﬁm<m3m Technology, Inc. fsrawnG scaE: DATE: REVISED BY. DRAWN BY:
R ' 3010 Woodcreek Drive, Suite J A " moo_ —H U Noom >§ >§
. uoo .Tﬂ. Q‘ Washington State . scﬁmﬁwwo%uwb,‘www%a FILENANE e qmm_mwm:a TAYOUT NAMEINUVBER: [PAGE NUMBER: |
‘ Department of Transportation Fax: (630) 434-9213 Brewster.dwg _ S97 Brewster (PCI) 9




ou| ‘ABojouyos | juswaned palddy

Table 1. Anderson Field Airport pavement evaluation results.

Anderson Field
Surf Secti 2005 % Distress Due to:
Branch' | Section | >o " acze ection |y cp? 4 | Climate or Distress Types
Type~ | Area, sf PCI | Load Durability’
A01BW 01 AC 57,326 | 8/1/2005 | 100 0 0 No distress
A02BW 01 AC 2,500 | 8/1/2005 | 100 0 0 No distress
RO7BW 01 AC 240,000 | 8/1/2005 | 100 0 0 No distress
TO1BW 01 AC 21,578 | 8/1/2005 | 100 0 0 No distress
T02BW 01 AC 11,451 | 8/1/2005 | 100 0 0 No distress
TO3BW 01 AC 5,687 | 8/1/2005 | 100 0 0 No distress
T04BW 01 AC 21,578 | 8/1/2005 | 100 0 0 No distress

L

'See Figure 3 for the location of the branch and section.
? AC = asphalt cement concrete; AAC = asphalt overlay on AC; PCC = portland cement concrete; APC = asphalt overlay on PCC.
3LCD = last construction date (date of construction or last major rehabilitation).

‘Distress due to load includes those distresses attributed to a structural deficiency in the pavement, such as alligator (fatigue) cracking, rutting, or shattered
concrete slabs.

*Distress due to climate or durability includes those distresses attributed to either the aging of the pavement and the effects of the environment
(such as weathering and raveling or block cracking in asphalt pavements) or to a materials-related problem (such as durability cracking in a concrete pavement).

Joday juswebeueyy Juswianed Lodily pjel4 Uuosiopuy
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Table 2 shows the 2005 PCI value as well as the predicted condition in 2010 and 2015 if no
major rehabilitation is performed. These predictions were made using pavement performance
models developed during the project and represent estimated conditions if only routine
maintenance is performed during the next 10 years.

Table 2. Anderson Field Airport present and future PCI values and anticipated repair needs.

Branch' Section 2005 2010 3 2015
PCI | Repair Level | PCI | Repair Level PCI | Repair Level

AO01BW 01 100 Prev. Mnt. 93 Prev. Mnt. 85 Prev. Mnt.
A02BW 01 100 Prev. Mnt. 93 Prev. Mnt. 85 Prev. Mnt.
RO7BW 01 100 Prev. Mnt. 94 Prev. Mnt. 87 Prev. Mnt.
TO1BW 01 100 Prev. Mnt. 91 Prev. Mnt. 81 Prev. Mnt.
T02BW 01 100 Prev. Mnt. 91 Prev. Mnt. 81 Prev. Mnt.
TO3BW 01 100 Prev. Mnt. 91 Prev. Mnt. 81 Prev. Mnt.
T04BW 01 100 Prev. Mnt. 91 Prev. Mnt. 81 Prev. Mnt.

'See Figure 3 for the location of the branch and section.
’Prev. Mnt. = preventive maintenance.

Applied Pavement Technology, Inc. 12
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PAVEMENT MAINTENANCE AND REHABILITATION PROGRAM

Using the information collected during the pavement inspection, a rehabilitation program for
2006 through 2012 was developed for Anderson Field Airport. In addition, a 1-year plan for
2006 for localized preventive maintenance (such as crack sealing and patching) was prepared.
The Micro PAVER pavement management software was used to perform this analysis.

Analysis Parameters

Critical PCI Values

Micro PAVER uses critical PCI values to determine whether preventive maintenance or major
rehabilitation is the appropriate repair action. Above the critical PCI, localized (such as crack
sealing) and global (such as a slurry seal) preventive maintenance activities are recommended.
Below the critical PCI, major rehabilitation (such as an overlay or reconstruction) is
recommended. WSDOT and the FAA set the critical PCI values shown in Table 3.

Table 3. Critical PCI values.

Load .
Surface Type Classification Runway Taxiway Apron
AC <60,000# 65 60 60
>60,000# 70 65 60
<60,000# 55 50 50
pcC >60,000# 60 55 50

Budget and Inflation Rate

An unlimited budget and an inflation rate of 3 percent were used during the analysis.

Maintenance Policies and Unit Costs

Localized preventive maintenance policies were developed for AC and PCC pavements. These
policies, shown in Appendix E, identify the localized maintenance actions that WSDOT and the
FAA consider appropriate to correct different distress types when the PCI of the pavement is
above the critical PCI level.

Global maintenance policies were also developed. These are maintenance actions that are
applied over an entire section, rather than just to distressed areas. Global maintenance treatments
of fog seals and slurry seals were considered during the analysis for non-NPIAS airports only.

CH2M HILL estimated unit costs at the state level for each of the repair types in the localized
and global maintenance policies, and these costs are provided in Appendix E. Please note that
the maintenance policies and unit costs may require adjustment to reflect specific conditions at
Anderson Field Airport.

Applied Pavement Technology, Inc. 13
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Major Rehabilitation Unit Costs

Micro PAVER estimates the cost of major rehabilitation based upon the PCI of the pavement.
CH2M HILL developed the unit costs used during the analysis, and they are presented in
Appendix E. If major rehabilitation is recommended in the program, further engineering
investigation will be needed to identify the most appropriate rehabilitation action and to more
accurately estimate the cost of such work.

Analysis Approach

The goal of the rehabilitation program is to maintain the pavements above established critical
PCI values. Major rehabilitation was recommended for pavements in the year they dropped
below their critical PCI value for 2007 through 2012. However, no major rehabilitation was
recommended for 2006 unless the project is already programmed in the FAA’s CIP. In situations
where major rehabilitation was recommended for 2006 but the project is not in the FAA’s CIP,
the major rehabilitation was shifted to 2007. With the assistance of WSDOT and the FAA, some
work activities were grouped into single project years and work types for economic and
operational reasons. For example, if one section of a runway was triggered for work in one year
and another for a different year, or if different repair types were triggered, the plan was adjusted
to a single treatment year and treatment type for the runway.

For 2006, a localized preventive maintenance plan was developed for those pavement sections
that were above their critical PCI value. If major rehabilitation was triggered for a section in
2006 or 2007, then localized maintenance was not recommended for 2006. While localized
preventive maintenance should be an annual undertaking at Anderson Field Airport, it is not
possible to accurately predict the propagation of cracking and so on. The airport should budget
for maintenance every year and can use the 2006 maintenance plan as a baseline for that work.
As the pavements age, it can be assumed that the amount of localized maintenance required will
increase.

Analysis Results

A summary of the pavement repair program for Anderson Field Airport is presented in Table 4
and in Figure 9. Detailed information on the localized maintenance plan for 2006 is contained in
Appendix F.

The recommendations presented in this report are based upon a broad network-level analysis and
are meant to provide Anderson Field Airport with an indication of the type of pavement-related
work required during the next seven years. Further engineering investigation may be needed to
identify which repair action is most appropriate. In addition, the cost estimates provided are
based on a statewide policy, and Anderson Field Airport should adjust the plan to reflect local
costs.

Because an unlimited budget was used in the analysis, it is probable that the pavement
repair program will need to be adjusted to take into account economic and/or operational
constraints. The identification of the need for a major rehabilitation project does NOT mean
that federal or state funding will be available to complete the work in the year shown. It is
important to remember that regardless of the recommendations presented within this report,

Applied Pavement Technology, Inc. 14
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Anderson Field Airport is responsible for repairing pavements where existing conditions pose a

hazard to safe operations.

Table 4. Anderson Field Airport unlimited budget major rehabilitation plan.

Year

Branch'

Section

Action

Estimated
Cost?

INo major rehabilitation is recommended.

'See Figure 3 for the location of the branch and section.

*Cost estimates are based on broad statewide numbers and should be adjusted to reflect local

costs.

Applied Pavement Technology, Inc.
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General Maintenance Recommendations

In addition to the specific maintenance actions presented in Appendix F, the following strategies
are recommended to prolong pavement life:

1.

Conduct an aggressive campaign against weed growth through timely herbicide
applications. Vegetation growing in pavement cracks is very destructive and
significantly increases the rate of pavement deterioration.

Implement a periodic crack sealing program. Sealing cracks is a proven method for cost-
effectively keeping water and debris out of the pavement system and extending its life.

Ensure that dirt does not build up along the edges of the pavements. This can create a
“bathtub” effect—reducing the ability of water to drain away from the pavement system.

Closely monitor heavy equipment movement, such as construction equipment,
emergency equipment, and fueling equipment, to make sure that it is only operating on
pavement designed to accommodate the heavy loads this type of equipment often applies.
Failure to restrict heavy equipment to appropriate areas may result in the premature
failure of airport pavements.

Applied Pavement Technology, Inc. 17
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PUBLIC LAW 103-305

Public Law 103-305 states that after January 1, 1995, airport sponsors must provide assurances
or certifications that an airport has implemented an effective airport pavement maintenance
management system (PMMS) before the airport will be considered for funding of pavement
replacement or reconstruction projects. To be in full compliance with the Federal law, the
PMMS must include the following components at a minimum: pavement inventory, pavement
inspections, record keeping, information retrieval, and program funding.

By undertaking this project, WSDOT has provided Anderson Field Airport with an excellent
basis for meeting the requirements of this law. The airport now has a complete pavement
inventory and a detailed inspection. To remain in compliance with the law, the airport will also
need to undertake monthly drive-by inspections of pavement conditions and track pavement-
related maintenance activities. The form provided in Appendix G can be used for this purpose.
The next detailed inspection should occur in 2008.

Appendix A, which contains a copy of FAA AC 150/5380-6A, provides further information on
Public Law 103-305. Specifically, Appendix 1 of this AC outlines what needs to be included in
a PMMS to satisfy FAA Grant Assurance 11.

Applied Pavement Technology, Inc. 18
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Q Advisory

U.S. Department -
of Transportation C I rc I a r
Federal Aviation u

Administration

Subject: GUIDELINES AND PROCEDURES FOR Date: 7/14/03 AC No: 150/5380-6A
MAINTENANCE OF AIRPORT PAVEMENTS Initiated by: AAS-100 Change:

1. PURPOSE. This Advisory Circular (AC) provides guidelines and procedures for maintaining rigid and flexible
airport pavements.

2. CANCELLATION. This AC cancels AC 150/5380-6, Guidelines and Procedures for Maintenance of Airport
Pavements, dated 12/3/82.

3. APPLICATION. The Federal Aviation Administration (FAA) recommends these guidelines for airport
pavements, as appropriate.

4. RELATED READING MATERIAL. The publications in Appendix 2, Bibliography, provide further guidance
and technical information.

il

David L. Bennett
Director of Airport Safety and Standards
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CHAPTER 1. INTRODUCTION TO AIRPORT PAVEMENT MAINTENANCE.

1-1. PURPOSE OF ADVISORY CIRCULAR. Airport managers and technical/maintenance personnel
responsible for the operation and maintenance of airports continually face problems with pavement distress and
deterioration. This advisory circular (AC) provides information on the types of pavement distress that occur and
recommends corrective actions to undertake during preventive and remedial maintenance. The FAA recommends
that airports follow ASTM D 5340, Standard Test Method for Airport Pavement Condition Index Surveys, when
conducting preventive maintenance inspections. This standard employs the visual distress identification and rating
system known as the Pavement Condition Index (PCI).

1-2. BACKGROUND OF ADVISORY CIRCULAR. The aviation community has a large investment in airport
pavements. The major objective in the design and construction of these pavements is to provide adequate
load-carrying capacity and good ride quality necessary for the safe operation of aircraft under all weather conditions.
Immediately after completion, airport pavements begin a gradual deterioration that is attributable to several factors.
Traffic loads in excess of those forecast during pavement design can shorten pavement life considerably. Normal
distresses in the pavement structure result from surface weathering, fatigue effects, and differential movement in the
underlying subbase over a period of years. In addition, faulty construction techniques, substandard materials, or
poor workmanship can accelerate the pavement deterioration process. Consequently, airport pavements require
continual routine maintenance, rehabilitation, and upgrading.

a. Many pavements were not designed for servicing today's aircraft, which impose loads much greater than
those initially considered. Also, the frequency of takeoffs and landings at many airports has increased considerably.
Both factors result in accelerated deterioration of the pavement structure. To assure safe operations, airports must
make special efforts to upgrade and maintain pavement serviceability.

b. The most effective means of preserving airport runways, taxiways, and apron pavement areas is to
implement a comprehensive maintenance program. To be effective, such a program must take a coordinated,
budgeted, and systematic approach to both preventive and remedial maintenance. Many airports using this approach
have experienced tangible benefits. The comprehensive maintenance program should be updated annually and
feature a schedule of inspections and a listing of required equipment and products. The airport should
systematically make repairs and take preventive measures, when necessary, on an annual basis. A systematic
approach assures continual vigilance and permits the stockpiling of maintenance materials, which assures their
availability for routine and emergency maintenance.

Special Airport Improvement Program grant conditions now require many airports to develop and maintain an
effective airport pavement maintenance management program. The FAA, however, also encourages airports that
are not specifically required to develop maintenance programs to do so as a means of preserving their facilities. An
effective pavement maintenance program can take many forms but must include several basic items, which are listed
in Appendix 1. These items must be present in maintenance programs required by the FAA. They provide the core
for an effective program, which can then be tailored and customized for the specific needs of the facility.

c¢. Two major elements contribute to pavement deterioration: the gradual effects of weathering and the action
of aircraft traffic. Early detection and repair of pavement defects is the most important preventive maintenance
procedure. Failure to perform routine maintenance during the early stages of deterioration may eventually result in
serious pavement distresses that require extensive repairs that will be costly in terms of dollars and closure time. In
all cases of pavement distress manifestations, the causes of the problem should first be determined. If the causes are
known, an airport can select a repair method that will not only correct the present damage, but also prevent or retard
its progression.

d. The selection of a specific rehabilitation method involves considering both economic and engineering
impacts. Airports should prioritize long-term effects rather than focusing on immediate short-term remedies. They
should compare the cost of rehabilitation alternatives over some finite period of time (life cycle) and consider the
future economic consequences of a repair method as well as the initial rehabilitating maintenance costs.

e. The present or immediate costs of a pavement rehabilitation/maintenance project include actual costs of the
repairs and the estimated costs that airport users will incur because of the project. Airport user costs include those

experienced by airlines, fixed base operators, concession operators, and others due to traffic delays, re-routings, etc.

1
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Future costs include those incurred later in the life cycle (depending on the life expectancy of the repair) plus the
routine maintenance costs expected over the same period. A comparative analysis of these costs for the various
alternatives will suggest the most economical rehabilitation scheme.
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CHAPTER 2. AIRPORT PAVEMENTS: COMPOSITION AND FUNCTION.

2-1. INTRODUCTION TO AIRPORT PAVEMENTS. Airport pavements are designed, constructed, and
maintained to support the critical loads imposed on them and to produce a smooth, skid-resistant, and safe-riding
surface. The pavement must be of such quality and thickness to ensure it will not fail under the loads imposed and
be durable enough to withstand the abrasive action of traffic, adverse weather conditions, and other deteriorating
influences. To ensure the necessary strength of the pavement and to prevent unmanageable distresses from
developing, the airport should consider various design, construction, and material-related parameters. This chapter
helps airports assess these parameters by providing information on the composition of pavement sections and the
functional aspects of flexible and rigid pavement components.

2-2. CLASSIFICATION OF AIRPORT PAVEMENTS. Generally, pavements fall into two classes:
a. Rigid pavements
b. Flexible pavements

Combinations of different pavement types and stabilized layers form complex pavements that can be classified as
variations of the normal rigid and flexible types. Overlay pavements—existing pavement structures that are overlaid
by either of the pavement types—are also common.

2-3. RIGID PAVEMENT COMPOSITION AND STRUCTURE. Rigid pavements normally use Portland
cement concrete as the prime structural element. Depending on conditions, engineers may design the pavement slab
with plain, lightly reinforced, continuously reinforced, prestressed, or fibrous concrete. The concrete slab usually
lies on a compacted granular or treated subbase, which is supported, in turn, by a compacted subgrade. The subbase
provides uniform stable support and may provide subsurface drainage. The concrete slab has considerable flexural
strength and spreads the applied loads over a large area. Figure 2-1 illustrates a typical rigid pavement structure.
Rigid pavements have a high degree of rigidity. Figure 2-2 show how this rigidity and the resulting beam action
enable rigid pavements to distribute loads over large areas of the subgrade. Better pavement performance requires
that support for the concrete slab be uniform. Rigid pavement strength is most economically built into the concrete
slab itself with optimum use of low-cost materials under the slab.

Portland Cement Concrete Slab

000@060060§a©© Subbase Course (may be stabilized)

R CY Frost Protection (as appropriate)

/\\\ Subgrade

FIGURE 2-1. TYPICAL RIGID PAVEMENT STRUCTURE.
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Wheel Load

/ Concrete Slab

Foundation Support

FIGURE 2-2. TRANSFER OF WHEEL LOAD TO FOUNDATION IN RIGID PAVEMENT STRUCTURE.

a. Concrete Slab (Surface Layer). The concrete slab provides structural support to the aircraft, provides a
skid-resistant surface, and prevents the infiltration of excess surface water into the subbase.

b. Subbase. The subbase provides uniform stable support for the pavement slab. The subbase also serves to
control frost action, provide subsurface drainage, control swelling of subgrade soils, provide a stable construction
platform for rigid pavement construction, and prevent mud pumping of fine-grained soils. Rigid pavements
generally require a minimum subbase thickness of 4 inches (100 mm).

c. Stabilized Subbase. All new rigid pavements designed to accommodate aircraft weighing 100,000 pounds
(45,000 kg) or more must have a stabilized subbase. The structural benefit imparted to a pavement section by a
stabilized subbase is reflected in the modulus of subgrade reaction assigned to the foundation.

d. Frost Protection Layer. In areas where freezing temperatures occur and where frost-susceptible soil with
a high ground water table exists, engineers must consider frost action when designing pavements. Frost action
includes both frost heave and loss of subgrade support during the frost-melt period. Frost heave may cause a portion
of the pavement to rise because of the nonuniform formation of ice crystals in a frost-susceptible material (see
Figure 2-3). Thawing of the frozen soil and ice crystals may cause pavement damage under loads. The frost
protection layer functions as a barrier against frost action and frost penetration into the lower frost-susceptible
layers.

Pavement Surface

O OO O O Ice Crystals in Frost-Susceptible Layer

[
% % % % % * Upward Water Movement by Capillary Action

FIGURE 2-3. FORMATION OF ICE CRYSTALS IN FROST-SUSCEPTIBLE SOIL.

e. Subgrade. The subgrade is the compacted soil layer that forms the foundation of the pavement system.
Subgrade soils are subjected to lower stresses than the surface and subbase courses. These stresses decrease with
depth, and the controlling subgrade stress is usually at the top of the subgrade unless unusual conditions exist.
Unusual conditions, such as a layered subgrade or sharply varying water content or densities, may change the
locations of the controlling stress. The soils investigation should check for these conditions. The pavement above
the subgrade must be capable of reducing stresses imposed on the subgrade to values that are low enough to prevent
excessive distortion or displacement of the subgrade soil layer.
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Since subgrade soils vary considerably, the interrelationship of texture, density, moisture content, and strength of
subgrade material is complex. The ability of a particular soil to resist shear and deformation will vary with its
density and moisture content. In this regard, the soil profile of the subgrade requires careful examination. The soil
profile is the vertical arrangement of layers of soils, each of which may possess different properties and conditions.
Soil conditions are related to the ground water level, presence of water-bearing strata, and the properties of the soil,
including soil density, particle size, moisture content, and frost penetration. Since the subgrade soil supports the
pavement and the loads imposed on the pavement surface, it is critical to examine soil conditions to determine their
effect on grading and paving operations and the need for underdrains.

2-4. FLEXIBLE PAVEMENT COMPOSITION AND STRUCTURE. Flexible pavements support loads
through bearing rather than flexural action. They comprise several layers of carefully selected materials designed to
gradually distribute loads from the pavement surface to the layers underneath. The design ensures the load
transmitted to each successive layer does not exceed the layer's load-bearing capacity. A typical flexible pavement
section is shown in Figure 2-4. Figure 2-5 depicts the distribution of the imposed load to the subgrade. The various
layers composing 