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EXECUTIVE SUMMARY

Introduction

There are 74 publicly owned airports in Illinois. The majority serve only general aviation
(GA) aircraft having gross maximum weights less than 30,000 lbs. The llinois Department of
Transportation — Division of Aeronautics (IDOT-DOA) maintains general overall
administrative responsibility for these airport pavements. This study, entitled Concepts and
Practices for Considering GA Airport Pavement Performance and Longevity, was initiated by
IDOT-DOA through the Illinois Transportation Research Center to examine GA pavement
performance and the impact that load, climate, and materials/construction factors have on the

formation and propagation of distress in GA pavements.

This 1;roj ect has evaluated the adequacy and efficacy of current GA airport pavement
design and construction practices. The research approach incorporated the review of
construction specifications and records, an analysis of statewide climatic factors and their
influence on pavement nllateﬁal behavior, state-of-the-art structural and materials modeling and
testing, and the analysis of pavement performance and distress data collected during the IDOT-
DOA biennial pavement distress inspections. As a result, a better understanding of the distress
mechanisms afflicting GA pavements has been obtained, potentially leading to improved

material selectipn, design, and construction of GA pavements.

Observations
Based on the results of this study, the following general observations are made:

° IDOT-DOA distress data collection procedures are based on those recommended by the
Federal Aviation Administration (FAA), with some notable modifications. It is difficult

to directly compare Pavement Condition Index (PCI) values obtained by IDOT-DOA to

those obtained in strict accordance with FAA. procedures.




The most recent IDOT-DOA specifications feature an increased reliance on IDOT-DOH
(Division of Highways) specifications. ‘

Climatic variations can be considered by dividing the State into three climatic zones that
correspond to existing IDOT-DOA administrative regions. Pavement temperature is the
most relative climatic factor.

Illinois GA airports carry a wide assortment of aircraft. The heaviest aircraft cited at the
majority of airports included in this study is the Beechcraft King Air B200. In this study,
load was not a major distress formation/propagation factor.

IDOT-DOA pavement distress and inventory data were used to establish a relational data
base containing 195 non-rehabilitated pavement sections. The data base contains loading,
climatic, construction/material, and pavement condition information for each section.
Specific pavement condition factors included section PCI values, sample unit PCI values,
and d-istress types, severities, é.nd quantities for each sample unit. A Deterioration Rate
(DR) concept was developed to describe pavement performance and longevity trends.

The DR is defined as the PCI loss per year.

Based on the results of this study, the following major observations are made concerning

asphalt concrete (AC) pavements:

IDOT-DOA accepts both the FAA and Asphalt Institute (AI) AC design procedures.
Typical sections were designed using the FAA and the Al design procedures. An ILILI-
PAVE-based mechanistic-empirical design approach indicates that the sections are
structurally adequate for typical GA. loading.

Longitudinal and transverse cracking and paving lane cracking are the two most prevalent
distress types. Both distresses had a high number of occurrences within the first five
years of service, and continued to develop with time until almost all sample units are
eventually affected. Significant amounts of alligator cracking were also recorded. It is
believed that alligator cracking has been confounded with other distress types (i.é. block
cracking, checking), and is likely considerably less prevalent than currently recorded.




° IDOT-DOA uses a PCI “trigger value” of 70 in programming a pavement section for
future rehabilitation. AC pavement performance trends indicate that a PCI of 70 is
observed prior to 20 years of service. Distinct differences in AC pavement performance
between climatic zones could not be differentiated. Differences in short-term pavement
performance (within the first 10-years of service) between pavements constructed with
thin (< 5 inches) and thick (> 5 inches) AC layers were not observed. There are
indications that long-term performance of pavements constructed with thick AC layers is

better than that of pavements constructed with thin AC layers.

Based on the resuits of this study, the following major observations are made concerning

portland cement concrete pavements (PCCP):

. IDOT_-DOA accepts both FAA and the American Concr.ete Paving Association (ACPA)
design methods for PCCP. Typical PCCP sections were designed usmg FAA and ACPA
design methods. An ILLI-SLAB-based mechanistic-empirical design approach indicates
that for normal GA loading conditions, both 6-in and 5-in thick PCCP are structurally
adequate. Under some conditions, a 4-in thick PCCP is allowable using the ACPA
design procedure. The structural adequacy of a 4-in thick PCCP is questionable.

. Commonly occurring PCCP distresses include corner breaking, corner and joint spalling,
D-cracking, joint seal damage, and longitudinal, transverse, and diagonal cracking. The
most important factor influencing PCCP distress formation and propagation is slab size,
as characterized by the i‘aﬁo of the slab length divided by the radius of relative stiffness
(L/¢). Larger slabs have considerably higher distress occurrences and severities than
smaller slabs.

L For 6-in thick PCCP slabs, slab lengths of 15 ft or less perform significantly better than
longer slabs. At a PCI of 70, small slabs have projected service lives at or in excess of 20

years in two of the three climatic zones.




Recommendations
The observations from this study support the following major recommendations:

] Recent IDOT-DOA specification modifications (dated April, 1994) provide improved
construction quality control. This effort should be continued. The effects of the AC |
specifications (P-201 and P-401), pertaining to the construction of paving lane joints,
should be monitored.

e Current AC nmixture design practices should be evaluated. The low VMA/low air content
mixtures have "checked" in numerous GA projects. The use of SHRP asphalt cement
binder specifications and Level 1 mix design procedures, featuring the vse of the SHRP
gyratory compactor, should be thoroughly evaluated for potential use.

L The most important PCCP design pai‘ameter is slab size. This study has shown that, in
general, small slabs have lower Deterioration Rates (DRs) than medium or large slabs.
Short joint spacing results in increased construction costs and more joint related distress
(such as D-cracking and spalling). Higher joint re-sealing costs are also incurred with
shorter joint spacing. The advantages/disadvantages of vatious slab sizes up to 15 ftin
should be further investigated. L/ should be used to select appropriate PCC slab lengths.

. A DESIGN CATALOG approach should be considered to standardize [llinois GA
pavement design procedures. Mechanistic-empirical design approaches can be utilized to
design pavement structures for Illinois climatic conditions and commonly used materials.
The catalog can be arranged according to climatic zone, traffic loading, and subgrade
strength/stiffness properties. A number of alternative pavement designs would be

presented for a given set of design conditions.




| INTRODUCTION
1.1. Problem Statement

In the State of Iilinois, there are 74 publicly owned airports, the majority of which serve
only general aviation (GA) aircraft having gross maximum weights less than 30,000 1bs.
Although less visible than the larger air carrier, reliever, and commercial airports found near
metropolitan centers, the smaller GA airports provide a valuable service to many communities.
The GA. airport pavement network within the State represents a considerable pﬁblic investment,
with initial construction and major rehabilitation costs heavily subsidized by both Federal and
State funding. The Illinois Department of Transportation — Division of Aeronautics (IDOT-
DOA) maintains general overall administrative responsibility for these airport pavements. This
study, entitle.d Concepts and Practices for Considering GA Airport Pavement Performance and
Longevity, was initiated by IDOT-DOA through the Illinois Transportation Research Center to
examine GA pavement performance and the impact that load, climate, and materials/construction

factors have on the formation and propagation of distress in GA pavements.

- It appears that both IDOT-DOA personnel and many local governments assume a 20-year
pavement life although a 20-year design period is not explicitly stated in the Federal Aviation
Administration (FAA) design procedure [FAA, 1978]. This assumption is based on the
observation that GA pavement construction is typically funded through bond issues maturing in
20 years. IDOT-DOA has noted that in some cases pavement life is not meeting design
expectation. Although major rehabilitation costs are substantially subsidized by the State and
Federal governments, routine maintenance activities, including crack and joint sealing, patching,
and the application of surface treatments are currently the sole responsibility of the local
governing agency. As aresult, in many instances, maintenance work is delayed or simply not

conducted, contributing to continued pavement deterioration.

This project examines the adequacy and efficacy of current GA airport pavement design

and construction practices in light of the data collected during the IDOT-DOA biennial pavement




distress inspections. The research approach is based on the analysis of the pavement distress
data, review of the construction records, an analysis of statewide climatic factors and their
influence on pavement material behavior, and limited structural and materials modeling and
testing. A better understanding of the distress mechanisms affecting GA pavements has been
obtained, potentially leading to improved material selection, design, and construction of GA

pavements in the State of Illinois..
1.2. ' Objectives

The objective of this research study is to establish performance trends for GA airport
pavements subjected to the diverse climatic conditions and material characteristics found
throughout the State. This objective was addressed through examination of the influence
loading, clim_ate, and materials has had on the formation of pavement distress and the resulting

impact on pavement performance and life . Specific objectives include:

. Use historical pavement distress data, collected in accordance with the pavement

——— ordition index (PCI) procedure; and state=of-the=art soils; materials, climatic; and

pavement analysis and design technology, to quantify the combined damaging effects of
load, climatic, and materials/construction factors on typical GA airport pavements.

® Identify/separate and quantify, to the extent possible, the relative contribution of load,
climatic, and material/construction factors to the observed pavement performance.

® Consider, from the perspective of this study, the adequacy and efficacy of the FAA
procedures presented in FAA Advisory Circular 150/5320-6C for the design of Illinois
GA airport pavements.

° Develop suggested modifications and improved/refined procedures and techniques for
achieving more cost effective, better performing, and increased longevity GA airport

pavements.




1.3. Scope

This study focuses exclusively on the pavement performance trends of Illinois GA

pavements and the scope is limited to the following:

° Ontly Illinois GA airport air-side pavements are investigated, including runways,
taxiways, and aircraft parking aprons. Access roads, service roads, and land-side vehicle
pafking areas are not considered.

® Pavement types investigated are thin asphalt concrete (AC) (2 to 5in of AC on one or
more grénular layers), thick AC (greater than 5 in of AC with or without a granular layer)
and portland cement concrete (PCC).

® Distress data collected only on non-overlaid pavement sections are used. This limits the
appli(;ation of the results of this study to newly constructed pavement sections only.

. (GA pavement sections are defined as those subjected to typical aircraft loading of 30,000
pounds or less. This primarily restricts this investigation to GA airports only. Some

Jarger airports maintain facilities for the exclusive use of GA aircraft, and some of these

—sections have been incorporated ifto the stady: o T e e

The distress data used in this study were collected by IDOT-DOA over the last 14 years.
The pavement distress, performance, and expected life trends developed will reflect actual
manifestation of pavement distress observed in the field and also the inherent variability

connected to the PCI procedure as utilized by IDOT-DOA engineers and technicians.




IL DESIGN AND CONSTRUCTION PRACTICES

In the design and construction of new GA airport pavements, IDOT-DOA provides
guidance and review, but does not design pavements or provide project level construction
inspection services. This limits IDOT-DOA's ability to influence the design and construction
process. In extreme/rare instances, approval of a design may be withheld. IDOT-DOA provides
oversight, but is not involved in the daily inspection of the construction. During construction,
inspections are conductéd by the airport's consultant, who then prepares and submits a final
engineering report to meet State and Federal funding requirements. Thus, the types of designs
submitted and the quality of construction inspection is highly dependent on the local consultant,
not IDOT-DOA.

Pavement design schemes accepted by IDOT-DOA include those described in the FAA
AC 150/5320-6(3, Airport Pavement Design and Evaluation [FAA, 1978], and also those
available from the Asphalt Institute (AI) [AL, 1987] and the American Concrete Paving
Association (ACPA)[ACPA, 1993]. Material and construction specifications are provided inan
- - -IDOT-DOA-document-entitled; Standard-Specifications for-Construction of -Airports {IDOT- -~
DOA, 1985], which has been modified periodically.

A brief historical review of the Illinois GA design and construction process begins this
discussion. It is followed by a detailed review of the current design procedures and

material/construction specifications.
IL1. Historical Perspective

The earliest "all-weather" surfaced GA airport pavements constructed in Illinois were
built in the mid to late 1930's near metropolitan areas. These pavements, which replaced turf
facilities, typically consisted of bituminous surface treatments over granular base to facilitate use
during wet weather. During and immediately after World War II, the federal government

participated in the construction of a number of airports throughout the country including several




in Illinois. These airports all shared similar layouts and pavement designs, consisting of three
PCC runways and a supporting network of taxiways and aprons. In Central Illinois, Champaign,
Decatur, Springfield, Peoria, and Quincy are examples of airports built at this time. Although
most of the original pavement sections have long since been rehabilitated or abandoned, a few
remain in service, including sections at Champaign and Quincy. It was also during this time that
the Ilinois Department of Aeronautics was formed to oversee the development of the State's

airport network.

Large-scale development of Illinois' GA airports continued in the 1950's. Although both
PCC and conventional AC pavements were built during this decade, the historical record shows
that the most common pavement section consisted of a 6-in thick granular layer covered with a
bituminous surface treatment. This design was based on federa.lly issued specifications that were
quite sunple in both scope and flexibility. When conventional flexible pavements were
constructed, they typically had AC thickness of 2 in or less. PCC pavements continued to be
built, including some 6-in thick runway sections. By the end of the 1950's, the Department of
Aeronautics had issued their own specifications book for the construction of GA pavements.

Counsiderable GA pavement construction was performed in the 1960's. In the early part of
the decade, a 2-in thick AC surface on a granular base/subbase became the most common type of
pavement, replacing bituminous surface treaﬁnents of the 1950's. The first FULL-DEPTH AC
pavements were constructed by the end of the 1960's. PCC sections continued to be built, most
often restricted to apron areas at some of the busier GA airports. It was during this decade that-
federal influence increased, and the Department of Aeronautics rescinded their own

specifications and adopted those issued by the Federal Aviation Administration.

In the early 1970's, the Department of Aeronautics was incorporated into the Department
of Transportation and was renamed the Division of Aeronautics. Standardization of the design
procedures and construction specifications was established in the 1970's with the issuance of

FAA AC 150/5370-10, Standards for Specifving Construction of Airports [FAA, 1974] and FAA
AC 150/5320-6C, Airport Pavement Design and Evaluation [FAA, 1978)]. Both these documents




were used by IDOT-DOA and the consultants who designed and constructed GA airport
pavements. The trend toward thicker AC layers continued during this-decade, with continued
construction of FULL-DEPTH AC pavement sections at a number of airports. The use of lime-
treatment for subgrades became more common, a practice which continues today. Conventional
AC designs featuring the use of granular base and/or subbase typically employed thicker AC
layers (commonly 3 to 5 in) than in the 1960's. PCC Ipavements continued to be built at about the
same rate as before, primarily restricted to more heavily trafficked facilities and to apron areas,
although more PCC taxiways and runways were constructed. PCC Joint spacing wﬁs

commonly 20 ft.

Significant changes to IDOT-DOA pavement design and construction policy occurred
during the 1980's. IDOT-DOA published their own construction specifications in 1985 in a
document en’Eitled Standard Specifications for Construction of Airports [IDOT-DOA, 1985].
These were based on FAA specifications, with modifications made to address issues that were
specific to the State of Illinois (e.g. the use of IDOT standardized aggregate gradations) and those

that dealt with the unique aspects of GA pavement performance under the State's climatic

" conditiois (6.8, AC mix designs were modified to reduce air voids and increase asphalt cement

content in an atiempt to address asphalt aging problems inherent in many older pavements).
Changes to pavement design were also implemented, with shorter joint spacing and innovative
jointing practices becoming more common for PCC. A minimum 3-in AC layer thickness was
established by IDOT-DOA based on inadequate performance of previously constructed 2-in thick

AC surface courses.

Toward the end of the 1980's and into the early 1990's, there were major modifications to
the FAA and IDOT-DOA materials specifications. Most significant were changes implemented
in the quality assurance/quality control (QA/QC) elements of the specifications, which were
modified to employ more sophisticated statistical procedures. Other changes were added to
address some specific construction defects and durability problems observed in existing

pavements.

10




The general trend in IDOT-DOA AC pavement design in the 1990's has been to move
away from FULL-DEPTH AC pavement sections through the insertion of a granular subbase
layer above the subgrade to facilitate drainage. New pavement sections are rarely FULL-DEPTH
AC, but include either thick or thin AC layers on granular base/subbase. The thickness design
schemes have not been significantly modified since the late 1970's, however material selection

and construction specifications have been changed to reflect recent industry. innovations.
11.2. Current Pavement Thickness Design Methodologies

Most Iilinois GA pavement designs are based on the guidelines provided in Chapter 5 of
FAA 150/5320-6C [FAA, 1978]. These procedures are not calibrated for specific climatic or
geographical regions, but are meant to serve the country as a whole. No design period is

explicitly stated for GA pavements.

IDOT-DOA also accepts the AC thickness design procedures advocated by the Al in their
publication entitied, Thickness Design—Asphalt Pavements for General Aviation [Al, 1987] and
© 1he PCC design procedures described by the ACPA in their docurmient entitled, Concrete
Pavements for General-Aviation Airports [ACPA, 1993]. Although not commonly used, each of

these design procedures will be reviewed along with the FAA procedures.

11.2.1. AC Pavement Thickness Design
FAA Methodology for the Design of AC Pavements

In the procedures presented in FAA AC 150/5320-6C [FAA, 1978], the required AC
pavement thickness is a function of two factors: the gross weight of the aircraft and soil strength.
The interaction of these two factors is shown in Figure 1, which is used to determine the
pavement thickness given the California Bearing Ratio (CBR) of the subgrade soil and the
maximum aircraft gross weight. Neither the number of aircraft coverages nor gear configuration

is a design input. It is apparently assumed that for GA airport traffic, an AC pavement designed
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for the heaviest aircraft loading will be structurally sufficient to accommodate the entire expected
traffic volume and aircraft mix over the design period. The key to ektendhg design life is thus
based on addressing climatic and material/construction deterioration factors through

material/construction specifications.

The thickness design process is conducted as follows. First, the subgrade soil CBR is
entered into the chart along the upper hoﬁzontal axis. A vertical line is projected downward
from the selected CBR value to a curve representing the maximum gross weight of the heaviest
aircraft expected to use the pavement. A horizontal line is then extended from that intersection
to the diagonal pivot line, at which point a vertical projection is made downward to read the
required total pavement thickness from the lower horizontal axis. In the example illustrated in
Figure 1 (a CBR of 7.5 and maximum gross aircraft weight of 24,000 lbs); the required total
pavement thickness is 12.25 in.

This initial thickness determination produces the required total pavement thickness. The

same design chart is then used in a second iteration to determine the subbase thickness. A CBR

“-of 2015 assumed aid the same process is followed as previously described. The difference
between this thickness, which represents the required thickness of the surfacing and base and the
total pavement thickness, is the required thickness of the subbase. The design procedure. further
indicates that the required range in subbase thickness is 0-14 in and the range in base thickness is
from 3 to 6 in. In the previous example, a CBR of 20 would yield a required thickness of 6.75 in,
thus the subbase thickness is 12.25in - 6.75 in=5.5in. If a 2-in AC surface is used, a 4.75-in
thick base is required to provide the full pavement thickness.

Although FAA AC 150/5320-6C allows for AC surfacing as thin as 2 in, IDOT-DOA
recommends a minimum AC thickness of 3-in for GA airport pavements. According to IDOT-
DOA personnel, this recommendation, although not a written policy statement, reflects years of

experience that indicates thinner AC layers do not provide desired performance levels.

12




A typical conventional AC pavement design consists of a thin AC layer on one or more
granular layers. Alternatively, one or both granular layers can be reialaced with a stabilized
material using the equivalency factors provided in Chapter 3 of FAA AC 150/5320-6C. These
equivalency factors are shown in Tables 1 and 2. If the base and/or subbase layers are replaced
with AC, the pavement section would approach what is commonly referred to as a FULL-

DEPTH AC pavement

FULL-DEPTH AC design is addressed very briefly in paragraph 85 of FAA AC
150/5320-6C. This paragraph defers to paragraph 37 in the same Advisory Circular, which states
that the equivalency factors can be used to design a FULL-DEPTH AC pavement section. It also
permits the methodology described in Asphalt Institute Manual Series No. 11 to be used if
approved by the FAA. A 1992 draft of the revised Advisory Circular designated FAA AC
150/5320-6D proposes modifications to the GA pavement design that are relevant to this study,
particularly concerning FULL-DEPTH AC pavement sections. It states that the guidance
provided in Asphalt Institute Information Series No.154, "Thickness Design—Asphalt
Pavements for General Aviation," [AI, 1987] can be used to design FULL-DEPTH AC

" pavements on a case-by-case basis.

To conduct a FULL-DEPTH AC design using equivalency factors, a conventional design
is executed, then each layer thickness is subsequently converted to an "equivalent” AC thickness.
For the example describe previously, the section is converted to FULL-DEPTH thickness using

mid-range equivalency factors as described below:

® 2-in thick AC surface.

° Convert 4.75-in base to AC using an equivalency factor of 1.4, yielding an additional 3.4-
in thick AC layer. |

® Convert 5.5-in subbase into AC using and equivalency factor of 2.0, yielding an
additional 2.75-in thick AC layer. ,

. The total FULL-DEPTH AC thickness would thus be 8.15 in.
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The conventional AC pavement thickness is reduced from 12.25 in to a 8.15 in FULL-DEPTH
AC section. Depending on the choice of equivalency factors within the recommended range, the

FULL-DEPTH AC section can have thickness from 7.4 in to 9.2 in.

The FAA procedure provides a description of soil stabilization techniques available to the
engineer in FAA AC 150/5320-6C, Chapter 5, Paragraph 82 and Chapter 2, Paragraph 13. In
Chapter 5, Paragraph 82 (3b), it is stated that lime-treated subgrade can be used as a subbase

course, but no specific guidance is provided to assign a structural value to the improved soil.

The procedui‘es presented in FAA AC 150/5320-6C permit the use of bituminous surface
treatments in-place of the AC surface, using an equivalency of 1.2 to 1.6 to replace the AC
surfacing with granular base material. This practice, although used by IDOT-DOA in the past,
was discontinued in the mid-1960's due to the short service life observed for surface treatment
pavements. According to IDOT-DOA personnel, the short service life was significantly less than

the maturation time for the construction bonds.

T Asphalt Institute Methodology for the Designof AC Pavements

The Al flexible GA pavement design methodology is provided in their document entitled,
Thickness Design—Asphalt Pavements for General Aviation. [AI, 1987]. This design scheme
considers three factors that influence the required thickness of the flexible pavement: aircraft
gross weight, subgrade support, and properties of the pavement materials. The procedure used a
mechanistic-empirical approach, e.mploying an elastic-layered program and empirically derived
transfer functions to estimate allowable aircraft loading. The resuits of the analysis were used to

develop design charts to determine thicknesses for three pavement types.

The Al FULL-DEPTH AC pavement design is conducted using the chart reproduced in
Figure 2. The gross weight of the aircraft is entered on the horizontal axis, and a vertical
projection is made to the diagonal line representing the subgrade soil support value. A horizontal

projection is then made from this intersection to determine the required thickness of AC read
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from the vertical axis. For the example described in the previous section, a subgrade CBR of 7.5
and a gross maximum aircraft weight of 24,000 Ibs would result in a required FULL-DEPTH
pavement thickness of 8 in. This compares favorably with the 8.15-in thickness recommended

using the mid-range FAA equivalency factors.

Figures 3 and 4 show the AT design charts for emulsified asphalt base and untreated base,
respectively. These design charts are used in a fashion similar to that for FULL-DEPTH
pavement, except that Figure 3 is used to determine the thickness of the emulsified base given an
AC surface thickness of 2 in. When using Figure 4, the AC thickness is determined assuming
that a 6-in thick P-208 granular base is used. The recommended minimum AC thickness is 4 in.
For the previously described example, the conventional flexible pavement design approach
requires a 6-in thick AC layer on a 6-in granular base. When compared to the FULL-DEPTH
AC section, ;1 2 in reduction in AC thickness results from the use of the 6-in thick granular base.

Soil-lime treatment is only superficially addressed in the Al pavement design method,
referring to the use of "improved subgrade™ in a footnote, No provision is made to incorporate

the use of soil-lime layers into the pavement design.
Summary

The two AC pavement design schemes used for GA airport pavements are based solely
on the support value of the subgrade (i.e. CBR or resilient modulus) and the maximum gross -
weight of the aircraft. Climatic conditions and number of load repetitions are not considered.
The designer has some flexibility in material selection, most notably by thickening the AC
surface to reduce or eliminate the need for the granular base, and possibly the subbasé. Greater
flexibility exists with the FAA procedure, which allows for a variety of materials and

thicknesses.
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is classified as OL, MH, CH, or OH.

I1.2.2. PCC Pavement Thickness Design

Design of PCC (rigid) pavements is discussed both in FAA and ACPA publications. A

review of both methodologies is presented below.
FAA Methodology for the Design of PCC Pavements

Chapter 5 of FAA AC 150/5320-6C provides guidance for the design of PCC pavements.
The thickness design method is a "standard structure” procedure. If the gross maximum aircraft
weight is 12,500 Ibs or less, a 5-in thick PCC slab should be used. If the gross maximum aircraft
weight is between 12,500 and 30,000 1bs, a 6-in thick PCC slab s required. Subgrade strength,
number of aircraft load repetitions, and climatic conditions are not considered. If the pavement is
to serve ajrcr;ft between 12,500 1bs and 30,000 Ibs, a minimum 4-in thick granular subbase is
required. A subbase is not required for aircraft weighing less than 12,500 b, unless the subgrade

Recommended jointing design practices are also presetited. FAA AC 150/5320-6C
recommends that longitadinal joint spacing should be 12.5 ft and transverse joint spacing should
be 15 ft. IDOT-DOA has allowed the use of 20 fi transverse joint spacing in the past, but

currently follows the FAA recommendations.
Typical PCC joints are shown in Figure 5. Specific jointing requirements are as follows:

. Keyed joints are restricted to pavernent thicker than 9 in.

L Thickened edges are not required when design is based on aircraft weighing 12,500 lbs or
less.

. The last three transverse joints on a runway or taxiway should be doweled (Type D)
joints.

° The outer lanes of all features should be tied to the inner lane with Type C hinged joints.

0Odd shaped slabs should be reinforced with 0.05% steel in both directions.
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Engineering Brief No. 27, published by the FAA in 1981, addresses the jointing of PCC
pavements for GA airports in much greater detail [FAA, 1981]. Alt‘ﬁough the Engineering Brief
recommendations were never fully adopted by the FAA or IDOT-DOA, they have been largely
embraced by the ACPA and are included in the draft version of the latest FAA Advisory Circular
[FAA, 1992]. The author of the Engineering Brief states that the modifications will "result in
cost savings and should provide adequate performance" as compared to recommendations made

inFAA AC 150/5320-6C.

The concept espoused in Engineering Brief No. 27 is the creation of a "tension ring" to
hold interior joints tightly closed. The following major modifications to AC 150/5320-6C are
listed in the Engineering Brief [FAA, 1981]:

* Dowc;ls are required for transverse construction joints only.

® A half round keyway is used for load transfer in longitudinal construction joints.

® The last three contraction joints and longitudinal construction joints at the free édge of

~ the pavement are tied with #4 deformed bars, 20-in long, spaced 36-in center to center.

Although a risk of cracking exists, it is the stated belief of the anthors that the risk is
worth the Beneﬁt resulting from keeping interior joints tight. All other joints are dummy
groove untied (Type E). |

L A thickened edge (Type B) should be located in trafficked areas, having a 3 fi taper to 1.5
times the slab thickness. |

. The slab size in feet should not exceed twice the slab thickness in inches (i.e. 6-in) slabs
should not exceed 12 ft in length.

Figures 6 and 7 are reproduced from the Engineering Brief, showing the recommended joint

layout for a 50 ft and 60 ft wide pavement section, respectively.

The influence of Engineering Brief No. 27 is readily evident in the draft copy of FAA AC
150/5320-6D [FAA, 1992].. The tension ring concept is fully described, including recommended
jointing patterns for 50 ft and 60 ft wide features that include tying together exterior joints as
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described above. Also allowed is the use of the half round keyed longitudinal joint. The
thickened edge requirement was reduced from 1.25 to 1.5 times the slab thickness.

One notable change from Engineering Brief No. 27 is the recommendation that the
maximum allowable jointi spacings be 12.5 ft for longitudinal and 15 ft for transverse, which is
consistent with the past Advisory Circular. If the last three contraction joints at the end of a
feature are tied as recommended, 37.5 ft of pavement would be tied together if the joint spacing

is 12.5 ft. Allowing 15 ft joint spacing would extend this length to 45 ft.
ACPA Methodology for the Design of PCC Pavements

The American Concrete Paving Association recommendations are presented in their -
Concrete Information Series entitled, Concrete Pavements for General-Aviation Airport [ACPA,
1993]. The ACPA recommendations are:

& A subbase is not needed under most applications, recommended only if there are over 100
daily opetations of the heaviest’ aircrziff and/or uniform subgrade support cannot be
achieved. If a subbase is to be used, it should be a 4-in thick non-plastic granular
material with less than 15% passing the No. 200 sieve.

° Simplified and detailed thickness designs are provided. The simplified procedure is
based solely on heaviest aircraft loading as tabulated in Table 3. The detailed thickness
design method uses the 90-day PCC flexural strength (third point loading), the subgrade
k-value, and the magnitude, number, and gear configuration of the design aircraft loading
as reproduced in Figures 8 and 9. The design flexural stress is obtained by dividing the
flexural strength by a safety factor (ranges from 1.4 to 2.0) that depends on the number of
aircraft operations.

] If it is anticipated that the pavement will carry heavy service vehicles or fuel trucks, the
recommendations made in Table 3 can be used to design the pavement thickness. Using
this criteria, the recommendation for an 18 kip dual tandem axle load service vehicle

would be a 5-in thick PCC pavement.
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. Joint spacing should "not greatly exceed" 25 times the slab thickness, with maximum
recommended joint spacing of 10 ft for a 5-in thick slab and 12.5 ft for a 6-in thick slab.

® Trapezoidal keyways are allowed.

® It is recommended that all longitudinal joints be tied for runways and taxiways having
widths of 60 ft or less. In wider sections, tied joints are recommended within 30 ft of the
pavement edge.

o Transverse joints should be dowelled if a "large number" of design aircraft loadings are
expected. In these situations, dowels should be used in the last si); joints back from the

pavement end.

The simplified ACPA procedure recommends a 5.5-in thick slab for a 24,000 Ib dual
wheel aircraft. If the more detailed analysis is used (assuming a k-value of 100 pci, 30,000 total
operations, and a 90-day PCC flexural strength of 650 psi), a design thickness of 4.8 infora
dual-wheel landing gear is obtained. Compared to the FAA design (a 6-in thick slab), the ACPA

methodology results in a significant reduction in pavement thickness.

T Lifle mention of clitaatic effécts is addressed in either of the design procedures =
examined. An exception is that joint spacing was linked to regional experience in the ACPA
procedure. Only the detailed ACPA method considered material properties, subgrade support,
and traffic type and volumes.

Summary

For PCC pavement design, the FAA recommends a standard section structure of 6 in if
the maximum gross aircrat weight is in excess of 12,500 Ibs. For lighter aircraft, a S-in thick
PCC slab is acceptable. There is no input for subgrade support or number of aircraft repetitions.
Maximum recommended joint spacing is 12.5 ft and 15 ft for longitudinal and transverse joints,

respectively.
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The ACPA has two design methodologies. In the more rigorous approach, subgrade
support, PCC strength, aircraft gear configuration, and number of rebetitions are included as
design inputs. The minimum PCC thickness can be as low as 4-in. Recommendations for joint
spacing are related to slab thickness, and are typically shorter than that recommended by the
FAA.

I1.3. Material and Construction Specifications

IDOT-DOA and the FAA use similar paving material codes. Material codes of particular
interest to this project are defined in Table 4. The following discussion will focus on the IDOT-

DOA and FAA specifications addressing AC, PCC, and granular base/subbase layers.

I13.1. AC I\;Iaterial and Construction Specifications

FAA AC 150/5370-10 classifies all hot-mix AC as Item P-401, "Bituminous Surface
Course." To eliminate confusion in specifying a surface course and a base/binder course, IDOT-
DOA uses Tremi P-401 to specify bituminous surface courses and Ttem P-201 for bituminous -
base/binder courses. Both the FAA and IDOT-DOA specifications have been modified since
originally issued, and this discussion will use the most current specification unless otherwise
noted. The current FAA specification is dated January 25, 1994 [FAA, 1994A], while the most
recent IDOT specifications are dated April 1, 1994 [IDOT-DOA, 1994B]. IDOT-DOA
specifications are further separated according to the size of the project. Method I is for projects
having less than 2,500 tons/pay item/location and Method II covers larger projects. Only
Method II will be examined.

Aggregate Type and Gradations
Allowable aggregate types and gradations specified for Item P-401 in the IDOT-DOA
specifications differ slightly from the FAA. In the IDOT-DOA specifications, it is stated that

"aggregates shall consist of crushed stone or crushed gravel, blended with crushed or natural
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sand(s) and/or mineral filler." The use of slag is not allowed in the IDOT-DOA specifications,
although it is permitted in the FAA specifications.

In comparing coarse aggregate quality tests, the FAA allows an LA abrasion percentage
wear of 40% and 50% for surface and base layers, respectively, compared to 40% and 45% for
IDOT-DOA mixes. The sodium sulfate loss, as measured by ASTM C 88, is less restrictive for
IDOT-DOA mixes at 15% and 20% for surface and base layers, respectively. The FAA
maintains a requirement of 10% regardiess of the layer. IDOT-DOA also include requirements
related to the presence of deleterious materials, including the maximum percent allowable shales
(2.0%), clay lumps (0.5%), soft and unsound fragments (6.0%), and other deleterious materials

(2.0%), for a total maximum allowable deleterious material content of 6.0%.

Both _speciﬁcations allow for the use of natural sand to obtain a desired aggregate blend
or to improve workability. The FAA restricts the amount added to 20%, but no restriction is
applied by IDOT-DOA. The FAA maintains limits on the plasticity index and liquid limit values
for fine aggregate, at 6 and 25, respectively. Instead of maintaining plasticity limits, IDOT-DOA
specifications litit the Percenit ninus No. 200 material allowable (6.0%6) and the maximum
percent clay allowable (3.0%). IDOT-DOA has requirements on the type and amount of
deleterious material allowed, with a total maximum allowance of 5.0%. This is in contrast to the
FAA specification which states that the fine aggregate must be "free from coatings of clay, siit,

or other objectional matter and shall contain no clay balls.”

The FAA, IDOT-DOA, and the Al have different recommendations for aggregate
gradations, as shown in Table 5. In the most recent IDOT-DOA specifications, 3/4 in and 1 in

maximum aggregate size gradations are used for P-401 and P-201, respectively.
Job Mix Formula

This discussion considers comparison of mix designs for pavements serving aircraft

having a gross maximum weight of less than 60,000 lbs. FAA and IDOT-DOA mix design is
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based on the Marshall Method described in the current version of Asphalt Institute MS-2, Mix

Design Methods for Asphalt Concrete [Al, 1993].

For GA mixes, a 50 blow mix design is specified. IDOT-DOA requires a 1500 1b
minimum stability, 8 to 18 (in units of 1/100 in) flow, and 2 to 3 percent air voids compared to
the FAA requirements of 1350 Ib stability, 10-18 flow, and 2.8 to 4.2 percent air voids. The latest
version of the FAA specifications includes requirements for stability, flow, and air voids and
allowable maximum standard deviations for each. The standard deviation provision takes
mixture variability into account, resulting in higher stabilities than those normally required, as

well as the use of mid-range values for flow and air voids.

IDOT-DOA specifications require an AC-10 asphalt cement. The FAA allows a wide-
range of asp];alt cement grades (AC-2.5, AC-5, AC-10, AC-20, AC-30, and AC-40). A major
difference between the two specifications is the approach to voids in the mineral aggregate
(VMA). Current FAA and previous IDOT-DOA specifications set a minimum VMA percentage

based on the maximum aggregate size of the mix. In the most recent IDOT-DOA specifications,
 “aTange of 75% to 90% voids filled with asphalt (VFA) is used. “The VFA approach eliminates-
the need to link VMA to maximum aggregate size. It is noted that the use of VFA in lieu of
VMA by itself does not ensure that AC mixtures that are less susceptible to age hardening will be |
specified. In the modified IDOT-DOA specifications, a possible VMA range from 7% to 30%
can be obtained within the VFA and air content ranges. Because specified mixture properties are
brbad, the specification does not ensure that AC mixtures that are less susceptible to age

hardening will be produced.

The IDOT-DOA specifications for central plant hot-mix base course is designated Item P-
201. The major difference in this specification is that it provides an additional gradation for a
maximum aggregate size of 1.25-in. At the discretion of the Resident Engineer, 25% of recycled
asphalt pavement (RAP) may be added to the mix. RAP is also allowed under the most recent
FAA specifications, which require that design procedures contained in Asphalt Institute MS-20,
Asphalt Hot-Mix Recycling [Al, 1981]; be used in the design of the mix.
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~ This is determined from core samples.

The FAA stipulates that for gross maximum aircraft weights less than 12,500 lbs, high-
quality state highway department hot-mixes with a proveli record of good performance may be
used. A similar provision is provided in the Al recommendations, but not in IDOT-DOA

specifications.
Construction Praclices

The FAA and IDOT-DOA specifications require a test section be constructed to establish
an acceptable rolling pattern. The most recent revisions to the IDOT-DOA specification changed
the test section procedure. A two step approach is specified. The first step establishes a growth
curve for a specified vibratory roller to determine the maximum "compactability" of the mix.
The Contractor then establishes a rolling pattern for the equipment he plans to use. The
Contractor pgoposed construction equipment must meet the compaction efficiency of the IDOT-
DOA specified vibratory roller. The minimum density df the completed test section is 94% (6%
air voids) of the maximum theoretical specific gravity of the mix as measured by ASTM D 2041.

A unique feature of the IDOT-DOA test section is that the Contractor must provide a
nuclear density gauge for construction quality control. This nuclear density gauge shall be
calibrated during test section construction and used "to maintain quality control of density" as
specified. The nuclear gauge density data are not for acceptance testing. Acceptance testing is
based on cores oBtained after mat compaction is completed. The test section is constructed in a |

single lane, and thus joint densities are not examined.

In contrast, the FAA specifications require that two paving lanes be constructed in the test
section, with a cold longitudinal joint formed between them. A specified number of cores and
un-compacted plant samples are taken to evaluate stability, flow, mat density, air voids, joint
density, gradation, asphalt cement content, and VMA. FAA specifications do not require the use
a nuclear density gauge for quality control.
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IDOT-DOA specifications permit the use of bituminous mixing plants approved by the
IDOT Division of Highways for the production of Class I bituminous mixtures [IDOT, 1994]. If
the plant is not approved for Class I mix production, it must meet a very specific list of IDOT-

DOA requirements.

IDOT-DOA P-201 and P-401 specifications permit a maximum lift thickness of 2 in, with
3-in lifts allowable if authorized by the Resident Engineer. IDOT-DOA personnel indicated that
this specification was established to address poor compaction of thicker AC lifts. If the ability to
construct thicker lifts of acceptable densities can be demonstrated, a Contractor would be

allowed to exceed the 3-in maximum lift requirement.

Current IDOT-DOA specifications require a minimum 10 ft paver width and a minimum
1 ft offset be:rween the joints in successive lifts. The uppermost longitudinal joint is located at
the centerline of the pavement. This is similar to the FAA requirement, except that the FAA
stipulates that "the Engineer should specify the widest paving lane practicable in an effort to hold

_the number of longitudinal joints to a minimum." [FAA, 1994A].

When compacting adjoining lanes, IDOT-DOA requires that the first pass be along the
common longitudinal joint, with the vibratory roller overlapping the previously compacted lane
by 6 to 8 in. If a static roller is being used, the overlap should be such that 6 10 8 inis on the
fresh mix, with the remaining width of the roller on the cold lane. Specifically, it is required that

all joints have the same texture, density, and smoothness as other sections of the AC course.

In the most recent specifications, IDOT-DOA has addressed joint compaction with the
insertion of the following paragraph: |

All longitudinal joints constructed are to be compacted in such a manner that they are
“pinched" to provide adequate density at the joint. The method of "pinching" shall bé as
defined in the most recent issue.of the N.A.P.A. (si¢) Superintendent's Manual on
Compactipn of Asphalt Pavements [IDOT-DOA, 1994A and 1994B].
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By including this paragraph, IDOT-DOA is attempting to benefit ﬁﬁm the most recent
developments in joint compaction, realizing that research is continuing in this area. The FAA
specifications are based on meeting the same density requirements as for. the mat, with the only
requirements being that the joints are continuously bonded and have the same texture as other

sections of the course, meeting smoothness and grade requirements.
Another recent addition to the IDOT-DOA compaction requirement is that a self-
propelled pneumatic-tired roller be used during construction of the top lift of the surface course

mixture (P-401).

Acceptance Testing

——- - - - -————Sjipnificantrecentchanges-have-been-made-in-acceptance testing-procedures—This-brief

discussion will only introduce the criteria being used by IDOT-DOA and the FAA, but will not

_ .. . __providea detailed description of the procedures. _

IDOT-DOA accepts the constructed pavement on the basis of percent air voids in the
final compacted mat. Each P-201 and P-401 course shall be compacted to a minimum densityl'of
93% (7% air voids) of the maximum theoretical specific gravity (ASTM D 2041). A statistical
'sampling procedure is used based on two cores from each 500 ton sublot. Four sublots compose
a lot, which is the basic payment unit. Each core is evaluated using Marshall, extraction,
maximum specific gravity, and air void test procedures. The payment schedule is based solely
on the air void content of the mix, with 100% payment made if the percent within limits (PWL)
lies between 90% and 100%. Penalties are assessed when the PWL lies between 65% and 90%,
and a lot that has a PWL below 65% must be removed and replaced at the Contractor's expense.

There is no provision for incentive payments in the IDOT-DOA specifications.

The comprehensive FAA acceptance criteria uses stability, flow, air voids, mat density,

joint density, thickness, smoothness, and grade to determine payment. Only one core is obtained
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from each sublot in addition to a sufficient quantity of un-compacted plant mix to conduct all
necessary tests. The FAA and IDOT-DOA price adjustment schedules are the same for mat
density and air voids. If the stability, flow, and joint density PWL requirements fall between
80% and 90%, the Contractor must take corrective action. If the PWL falls below 80%, the plant
must be shut down until adjustmenté are made. Pavement thickness must meet the requirement
shown on the plans. Pavement smoothness is measured with a 12-ft straight-edge and the
maximum allowable tolerance depends on whether the lift is a base or surface course. The
finished pavement surface grade must be within 0.5 in of that shown on the plans to be accepted.
If more than 15% of the smoothness or grade measurements fall outside the tolerances within a

2000 yd? lot, the deficient area must be corrected by the Contractor.
Summary

Modifications to the AC material specification address some of the deficiencies noted in

previous construction. The most recent longitudinal joint compaction requirements and

 preumatic-tired rolling of the surface course are designed to address defects in past construction

~that have Tead to paving lane cracking and surface checking. -

IDOT-DOA has attempted to address age hardening of the asphalt cement through the use
of low air voids and low VMA mixes. The VFA approach eliminates the need to link VMA to
maximum aggregate size. It is noted that the use of VFA in lieu of VMA, by itself, does not
ensure that less age hardening susceptible AC mixtures will be specified. In the modified IDOT-
DOA specifications, a possible VMA range from 7% to 30% can be obtained within the VFA
and air content ranges. Because specified mixture properties are broad, the specification does not

ensure that less age hardening susceptible AC mixtures will be produce in all cases.

11.3.2. PCC Material and Construction Specifications

Specifications for portland cement concrete are presented under Item P-501 of the FAA

and IDOT-DOA standards. The P-501 specifications have been recently updated. IDOT-DOA's
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most recent release is dated April 1, 1994 [IDOT-DOA, 1994C] and the FAA's current
specification is dated May 20, 1994 [FAA, 1994B]. For this discuséion, only the specifications
relevant to aircraft loadings typical of GA airports will be reviewed. Also, the IDOT-DOA

Method II specification for placements over 1,500 yd®, will be examined.
Aggregate Type and Gradations

IDOT-DOA specifies the use of an FA-1 fine aggregate, and CA-11 for 1-1/2 in to #4, or
CA-7 for a 1 in to #4 coarse aggregate gradations [IDOT, 1994]. These gradations are slightly
different from those recommended by the FAA, as shown in Table 6. IDOT-DOA provides a
detailed description of fine and coarse aggregate, as well as the quality and deleterious material
test requirements for aggregate approval. In the FAA specification, ASTM C 33 is the basis for
accepting ag;g,regate sources. The FAA has also added a section to address the problems of alkali
reactivity. A similar provision has not been added to the IDOT-DOA specification (alkali

reactivity has not been identified as a problem in Illinois).

The most recent IDOT-DOA specification added-a requirement that coarse aggregate be -
non D-cracking susceptible, as determined by the Illinois Department of Transportation. The
FAA uses a similar approach by requiring that all coarse aggregate sources be approved by the
local department of transportation. If the aggregate source has not been approved, the Contractor
must produce certification that the aggregate source passed ASTM C 666, Resistance of Concrete

to Rapid Freezing and Thawing.

Cementitious Materials and Admixtures

IDOT-DOA requires the use of Type I cement. The FAA allows a wide variety of
cements. Both IDOT-DOA and FAA specifications allow the use of flyash, as long as the quality
of the flyash meets the requirements of ASTM C 618. IDOT-DOA further require;s that the
flyash be approved by the Illinois Department of Transportation, meeting the conditions outlined
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by Policy Memorandum No. 88-1, Quality Control Requirements for Fly Ash for Use in Portland
Cement Concrete [IDOT, 1988]. - ,

Admixtures, including air entraining and water reducing agents, must be approved by the
Resident Engineer. IDOT-DOA specifications require that air entraining and water reducing
admixtures be approved by the Illinois Department of Transportation.

Proportions

IDOT-DOA and the FAA allow compressive strength testing to be used in lieu of flexural
strength testing for GA pavements. IDOT-DOA requires that the mixture be designed for a 28-
day field compressive strength of 4,000 psi. The Engineer will provide a mix design based on
the IDOT co;nputer generated mix design system having a compressive strength of at least 800
psi over the specified field strength. This results in an actual specified minimum 28-day design
compressive strength of 4,800 psi. A test batch is then prepared to verify that the PCC 28-day

" compressive strength is at least 800 psi greafer than the specified field stremgth: “A Contractor— =~ ==

In the FAA specifications, a maximum of 20% of the 28-day compressive strengths can
fall below the design compressive strength of 4,400 psi. lThis will result in a mix design average
strength that is considerably higher than the minimum. The amount of over-design necessary 1o
meet the specification is dependent on the producer's standard deviation for the compressive

strength test results.

IDOT-DOA specifies a slump between 2 in and 3 in for side-form paving, and between
0.75 in and 1.5 in for slip form paving operations. ‘The Contractor is required to provide all
quality control personnel, who will follow the guidelines presented in IDOT-DOA's Policy
Memorandum No. 87-3, Mix Design, Test Batch, Quality Control. and Acceptance Testing of
PCC Mixture [IDOT, 1987]. These recommendations differ slightly from the FAA slumps of

1into 2 in and 0.5 in to 1.5 in for side-form and slip form paving, respectively.
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FAA and ACPA air content requirements are based on the maximum aggregate size and
the climatic exposure level anticipated. For a severe climate and a 1-in maxinum aggregate size,
the FAA and ACPA recommend 6.0% =+ 1% air content. IDOT-DOA specifies an air content of
6.5% + 1.5% for all mixes.

Acceptance Testing

Acceptance testing is based on the lot. Each lot includes four to six sublots of 300 yd®.
The acceptance criteria are PCC compressive strength and slab thickness. PWL procedures are
used as previously described. IDOT-DOA and the FAA both use only the two criteria listed
above for determining the payment schedule. The FAA acceptance criteria also consider

smoothness, grade, edge slump, and dowel bar alignment. .

Summary

The most recent IDOT-DOA and FAA P-501 specifications have added réquitementsto =~~~ =~ "

address some of 't'h?P‘CC‘durabi'lity"re'l'ated—concerns.—T-he—use—of—standard—i—zr;ed—IDQT—D—iﬂV—ision-of

Highways classifications and standards should be beneficial, adding uniformity and consistency
to airport work that was not previously available. The recent emphasis on Contractor quality

control and a statistical basis for payment should yield improved constructior.

11.3.3. Granular Material Speciﬁcations

IDOT-DOA and FAA specifications include two non-stabilized granular base courses
(Item P-208 Aggregate Base Course and the Item P-209 Crushed Aggregate Base Course) for
GA airport pavement construction. The FAA specifications also have a provision for Item P-154

subbase.’

Ttem P-154 is a granular material constructed on a prepared subgrade. The gradation

requirements cover a wide band as shown in Table 7. The specification states that the material
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be free of "vegetable matter, lumps of excessive amounts of clay, and other obj ectionable or
foreign substances. Pit-run materials may be used, provided the material meets the requirements
specified." [FAA, 1974]. The material passing the No. 40 sieve should not have a liquid limit
greater than 25 or a plasticity index greater than 6. In frost susceptible areas, the percent material
finer than 0.02 mm shall be less than 3%. According to FAA AC 150/5320-6C, the assumed
design CBR value for a subbase is 20 [FAA, 1978].

IDOT-DOA specifications do not include P-154. Prior to 1985, P-154 was used both in
AC and PCC GA construction in Illinois. Current construction commonly uses P-208 in lieu of
P-154.

The two available granular base course materials, Item P-208 and Item P-209, differ
primarily in ‘;he amount of crushed material present. P-208 material is crushed or partially
crushed aggregate (FAA also allows all uncrushed) and P-209 is all crushed material. The FAA
and IDOT-DOA gradations for Items P-208 and P-209 are presented in Tables 7 and 8,

" respectively. In each specification, there are three available gradatjons: Gradatiom Ahasa 2=~ -

ST —maximwnaggregatesize,—Gradation—B—has—a—l.—S—in—max—imum-agg-regate-si.ze,_and_(iradation C

has a 1-in maximum aggregate size.

The FAA P-208 gradation specification allows 5% to 15% passing the No. 200 sieve.
The higher quality P-209 base course gradation allows 3% to 10% passing the No. 200 sieve. In
FAA AC 150/5320-6C, the P-209 is used as a base course for pavemen{s serving all aircraft
design loads. Tt is assumed to have a CBR value of 80 [FAA, 1978]. The P-208 material is not
permitted as base material if aircraft design loads exceed 30,000 1bs, but is acceptable for use as a
subbase. P~208 base course is allowable for pavements servicing aircraft with design loads

below 30,000 Ibs.

In the IDOT-DOA specifications, the same gradation is used for the P-208 and P-209.
Both are based on the same IDOT Modified CA-4, Modified CA-6, and CA-10 specifications
[IDOT, 1994]. The parent material for the P-208 can be gravel or stone mixed with sand, stone
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dust, or other suitable fillers. The P-209 material is entirely crushed stone and crushed stone

screenings. Gravel is not acceptable under the IDOT-DOA P-209 sﬁeciﬁcation.
Summary

The FAA has three commonly used granular base and subbase specifications. P-154
subbase is of lowest quality, with an assigned CBR of 20. The highest quality granular base is P-
209, which is a 100% crushed material assigned a CBR of 80%. P-208 is a base course for use
on pavements serving aircraft with design loads less than 30,000 Ibs. The IDOT-DOA
specifications do not include P-154. The same gradations are used for P-208 and P-209. The
primary difference between the two materials is that P-209 is wholly crushed stone, but P-208

can contain crushed or uncrushed gravel.
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IIl. PAVEMENT DISTRESS AND THE PAVEMENT CONDITION INDEX

Several indicators are used to measure/estimate pavement condition and performance.
This study uses observed pavement distress, collected in accordance with the pavement condition
index (PCI) procedures outlined in FAA AC 150/5380-6 [FAA, 1982]. The following discussion
presents a description of the various observable pavement distresses, how they are utilized in the
PCI procedure, and how IDOT-DOA has modified the standard procedure to suit their ‘speciﬁc

needs.
III.1. Types of Pavement Distress

Pavement distress is typically identified as cracking, distortion, disintegration, and/or
poor skid resistance observed visually on the pavement surface. In most cases, distress is a result
of deterioration that occurs as the pavement ages and is subjected to loading and climatic

processes. Well written and enforced specifications limit construction defects and new

B p_eiifements areé generall'fr considered distress free. This iSnot always the case as some defects -~ -~

- -may be constructed into a pavement.

Accurate identification of pavement distress is critical in associating pavement
deterioration with its probable cause or imperfection. Generally, distresses are classified as being
load related, climate related, or materials/construction related. Many distresses result from a
combination of more than one factor. When a distress is identified as load related, load is
considered the primary distress formation factor with the understanding that both climate and

materials/construction factors may have contributed.

In addition to identifying the type of distress observed, it is also important to determine
the extent and severity of that distress. The basic questions of "How much distress?" and "How
- bad is it?" are as relevant as "What is it?". In combination, the three criteria of "What?", "How

much?", and "How bad?" can be used to estimate the condition of the pavement feature.
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* considered in this study. Jet blast erosion is not commonly observed on smaller GA aifports. ~ T

The most rigorous method commonly used to evaluate airport pavement distress is the
pavement condition index procedures described in FAA AC 150/5380-6, Guidelines and
Procedures for Maintenance of Airport Pavements [FAA, 1982]. Distress types are identified for
AC and PCC pavements and descriptions and photographs are provided to identify distress type,
severity, and extent. The following discussion of pavement distress is based on the FAA
document, which is the basis for the inspection procedures used by IDOT-DOA. An ASTM
standard (ASTM D 5340-93) has recently been released on the PCI procedure, implementing
some minor changes 1o the methodology. The ASTM method has not been used by IDOT-DOA.

Ii1.1.1. Distress Types Affecting AC Pavemenfs

The FAA has identified 16 different distress types that commonly occur in AC- surfaced
airport pavements. IDOT-DOA has added an additional distress by separating paving lane -
cracking from longitudinal and transverse cracking. These distresses are listed in Table 9.

Reflection cracking and shoving are only found on AC overlays of PCC pavements, and are not

The following text provides a brief description of relevant distresses, including their
appearance, llkely cause, other associated distresses, and means of measurement as summarized
from FAA AC 150/3380-6 [FAA, 1982]. For detailed 1nspect10n procedures, refer to FAA AC
150/5380-6.

Distress No. 1: Alligator or Fatigue Cracking

Alligator cracking is a series of interconnected cracks that form a pattern resembling that
of an alligator's skin, This distress is primarily load related and is isolated to areas subjected to
repeated traffic loadings. The distress initiates at the bottom of the AC (or stabilized) layeras a
result of load induced tensile stresses and strains, propagating upward until it becomes visible on
the pavement surface. Alligator cracking can occur in poorly constructed areas and/or where

inadequate pavement thickness exists to support the applied load. It is usually associated with
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high surface deflections. Saturation of the base and/or "weak" subgrades are usually contributing

factors.

In its initial manifestation, it appears as a series of fine, hairline cracks running paralle] to
the direction of traffic. These cracks eventually are connected by transverse cracks, forming
individual pieces that are less than 2 ft on the longest side. Rutting may be observed along with '
alligator cracking. Both distresses are counted separately. Alligator cracking is measured in

square feet of surface area.
Distress No. 2: Bleeding

Bleeding is a surface film of asphalt cement that has migrated upward from the
underlying mat. It causes a reduction in skid resistance. Bleeding is primarily a
material/construction related distress, and is associated with excessive amounts of asphalt cement

binder in the mix and/or low air void content. During hot weather, the asphalt cement fills the

- a?/allable void spadEEﬁd then expands ouf onto the pavement Sorface. o T T

Bleeding is counted as a distress if it is in sufficient quantity that it causes a reduction in
skid resistance. If bleeding is counted as a distress, the PCI procedure requires that polished

aggregate not be counted in the same area. Bleeding is measured in square feet of surface area.
Distress No. 3: Block Cracking

Block cracking is characterized by a series of cracks that divide the pavement into
roughly rectangular pieces. They may be as small as 1 ft by 1 ft, but are more typically larger,
with a maximum size of 10 ft by 10 ft. Block cracking is primarily climate related, although it
has a strong material/construction component. The prbperties of the asphalt cement binder and
particulaif mix properties play a large role in determining a pavement's susceptibility to block
cracking. Block cracking results as.the AC shrinks under temperature cycling and loss of

volatiles from the asphalt cement. It is indicative of AC hardening and is more common in non-
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trafficked locations, where the kneading action and post-construction compactive efforts of

traffic are not experienced.

Block cracking and alligator cracking are commonly confused, but can easily be
differentiated by determining the failure mode. Alligator cracking does not form in low traffic
areas where block cracking is most prevalent, but is usually isolated to wheel paths. Alligator
cracking typically forms smaller, irregularly shaped, pieces having sharp angles unlike block
cracking which forms rectangles.

Block cracking usually progresses from longitudinal and transverse cracking. When the
cracking pattern becomes dense and it is difficult to make individual measurements of crack
lengths, the area is declared to be block cracked. This transition occurs when each side of the
block falls at. or below 10 ft in length. When block cracking is recorded, no longitudinal or
transverse cracking should be recorded for that area. Block cracking is measured in square feet

of surface area.

Distress No. 47 Corrugution

Corrugations are a seﬁes of closely spaced ridges and valleys (ripples) that form
perpendicular to the flow of traffic. The interval between ridges is usually quite close (less than
5 ft). This distress is primarily load related with a strong material/construction component. It is
caused By the action of traffic combined with an unstable pavement surface or base, and/or poor

bonding between pavement layers. Corrugation is recorded in square feet of surface area.
Distress No. 5: Depression

Localized areas where the pavement surface has an elevation slightly lower than the
surrounding surface are called depressions. Depressions are most easily identified after a rain as
water ponding in the depression forms a "bird bath". Depressions can pose a hydroplaning

hazard if located in a high-speed aircraft movement area.

35




Depressions are generally considered a materials/construction related defect. They are
associated with settlement of the pavement layers beneath the surface or are constructed into the
pavement through poor grade control. Loading can contribute, although it is not considered a

major factor. Depressions are measured in square feet of surface area.
Distress No. 6: Jet Blast Erosion

Jet blast erosion is the burning of the asphalt cement binder by the hot jet engine exhaust.

It is very rare on GA airports. It is measured in square feet of surface area.
Distress No. 7: Joint Reflection Cracking from PCC

This Eﬂistress type only occurs on AC overlays of PCC. It therefore is not considered in
this study. |

Longitudinal cracking occurs parallel to the lay down direction (typically in the direction
of the taxiway or runway centerline). Transverse cracking runs perpendicular to the lay down
direction. The most frequent causes of these two types of cracking are shrinkage of the AC
surface due to extremely low temperatures, temperature cycling, and/or AC age hardening.
Reflection cracking from underlying stabilized layers are also counted as longitudinal and
transverse cracking. A major cause of longitudinal cracking is poorly performing longitudinal
construction joints, a distress mode which IDOT-DOA. defines separately as paving lane
cracking.

Longitudinal and transverse (L & T) cracking is almost entirely climate and

materials/construction related, with load playing a very minor role. As the pavement continues

to age, the asphalt binder becomes progressively harder and crack spacing decreases. If crack
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spacing is close enough, it is classified as block cracking. Longitudinal and transverse cracking

is measured in linear feet.
Distress No. 9: Oil Spillage

Oil spillage is caused by fuel, oil, or other solvents spilling onto the AC pavement and
softening the asphalt cement binder. The pitting of the surface and the freeing of aggregate
particles is most prevalent on apron areas where aircraft are fueled and maintained. This distress
is related to the asphalt cement binder, and is considered primarily a material/construction related

phenomena. It is measured in square feet of surface area.
Distress No. 10: Patching and Ulility Cut Patch

Any patch, regardiess of how well it is performing, is considered to be a defect. All
distress within the patch boundary is counted as part of the patch and is not counted separately in

- _t]ié_su_r_v_eir"_PaTéhiﬁg_ls measured In squaré‘feet of surface area. T T ey

Distress No. 11: Polished Aggregate

Polished aggregate is the loss of skid resistance from repeated traffic applications. It is
both load and material/construction related. Sound, non-polishing susceptible aggregate will not

suffer this distress. This distress is measured in square feet of surface area.
Distress No. 12: Raveling and Weathering

Raveling and weathering is the wearing away of the AC surface, exposing/dislodging
aggregate particles, It may be an indication that significant hardening of the asphalt binder has
occurred and is considered both a climate and material/construction related defect. At high
severity levels, the loose aggregate poses a significant foreign object potential threat to aircraft

and personnel. Raveling and weathering is measured in square feet of surface area.
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Distress No. 13. Rutting

A rut is similar to a depression, except it runs along the wheel path, indicative of the load
related nature of the distress. In many instances, rutting is only noticeable after rain, as the water
in the ruts makes them visible. Permanent deformation in any of the paving layers contributes to
surface rutting. It is caused by repeated load applications, but climatic and_
materials/construction factors contribute to the rutting potential of the pavement structure. AC
rutting may be due to an unstable mix. Rutting in underlying layers is caused by permanent
deformation that may be attributable to poor construction and weakening of the granular

base/subbase and/or subgrade due to climatic effects.

Rutting can occur in conjunction with alligator cracking, in which case each distress is
counted separately. The mean rut depth is used to determine severity and rutting quantity is

recorded in square feet of surface area.

Distress No. 14: Shoving of Asphait Pavement by PCCSlabs — — o e

This distress only occurs in AC overlays of PCC pavements, and is therefore not

considered in this study.
Distress No. 15: Slippage Cracking

Slippage cracking is characterized by crescent- or half-moon-shaped cracks having the
two ends pointing away from the direction of traffic. They are pfoduced under braking or turning
action which generates a shear failure in the AC surface. Slippage cracking is most commonly
associated with poor bonding characteristics between the paving layers. A low strength AC
surface can also suffer this problem. This distress is considered both a load and

material/construction related distress.

38




Slippage cracking is generally an isolated problem. It occurs where aircraft are braking
or turning, such as on runways in the vicinity of high-speed exits or near the end of a parallel
taxiway where it tums to enter the runway. Slippage cracking is measured in square feet of

surface area.
Distress No.16: Swell

Swell is an upward bulge in the pavement surface that may occur sharply over a very
short area or gradually over longer distances. Surface cracking may be associated with swell.
Frost action or swelling soils contribute to swell formation. Swell is climate and
materials/construction related. Swell severity is based on the functional use of the feature (i.e.
runway, taxiway, or apron). Less swell is tolerated in areas subjected to higher aircraft speeds.

Swell is recorded in square feet of surface area.

Distress No. 17: Paving Lane Cracking (IDOT-DOA only)

Paving lane cracking is longitudinal cracking that occurs at the cold paving lane joint
between two adjacent lanes. It is believed to be caused by insufficient densification of the
longitudinal joint during construction, and is exacerbated by climatic conditions and AC material

properties that lead to shrinkage of the AC as it ages. Itis measured in linear feet.
Summary

Table 9 provides a summary of the AC distresses recorded as part of the PCI inspection
process and includes an indication of the primary and secondary factors that contribute to
distress formation. The factors leading to pavement distress are complex. Although many of the
mechanisms are well understood, there are always instances that deviate from the norm.
Classification of a distress as load, climate, or material/construction related is useful in gaining

better insight into pavement deterioration.
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II1.1.2. Distress Types Affecting PCC Pavements

The FAA and IDOT-DOA have identified the 15 PCC distress types listed in Table 10.
All of these distresses could be observed on typical GA airport pavements.

The following text provides a brief description of each distress, including its appearance,

likely cause, and other associated distresses. In PCC pavement inspection, distress quantities are

not individually measured, but instead, only the number of affected slabs are recorded. This
discussion is based on the information provided in FAA AC 150/5380-6. For detailed inspection
procedures, refer to FAA AC 150/5380-6.

Distress No. I: Blowup

BIowups oceur during hot weather at transverse joints that are unable to accommodate

temperature induced pavement expansion. The slab edges in the vicinity of the joint buckie

~ upwards and usually shatter. Blowups can result when the joint is infiltrated by incompressibie

material due to pootly performing joint sealant. Alkali-silica reactivity, which produces an

expansive reaction in the concrete, can also lead to joint closing and blowups.

Blowups are a severe distress, demanding immediate attention when they occur. If the
blowup occurs at a mid-panel crack, it is counted as one slab. If it occurs at a joint, two slabs are

counted.
Distress No. 2: Corner Break

Comner breaks are identified as cracks intersecting the joints at a slab corner a distance
less than or equal to one-half of the slabs length on both sides. They are distinguished from
corner spalls in that the crack projects vertically through the entire depth of the slab. A number
of load and climatic factors contribute to corner breaking, but they are primarily caused by load

repetitions at unsupported slab corners. Poor load transfer, loss of support atributed to subbase
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erosion, and slab curling under temperature differentials all contribute to the formation of corner

breaks.

Distress No. 3: Longitudinal, Transverse, and Diagonal Cracking

Longitudinal, transverse, and diagonal (L, T, & D) cracking divides the slab mnto two or
three pieces. If the slab is further divided into four or more pieces, it is considered a shattered or
divided slab. Causes of L, T, & D cracking are numerous. A combination of repeated loading,
curling, and shrinkage stresses are commonly recognized as the primary deterioration factors.

For the same thickness and support conditions, these stresses are more acute in larger slabs which
develop higher curling and shrinkagé stresses than shorter slabs. In some instances, poor
construction practices may be a major factor. Construction induced cracking can result if joints
are not sawe;l deep enough or on-time, or if joint lock-up occurs due to misalignment of load

transfer devices. This distress is considered a major indicator of PCC pavement performance.

Distress No. 2= Durability (D) Cracking e —————————m. e A

D-cracking is readily identified by the distinct pattern of fine cracks aligned parallel to
the joints or cracks in PCC. The problem is climate and materials related. As the distress
progresses, concrete spalling occurs and complete disintegration is observed in severe cases. D-
cracking is related to the size and pore structure characteristics of the coarse aggregate particles
in a PCC. In D-cracking susceptible aggregates, internal pressures created during freezing can
not be adequately relieved and fracturing of the particle results. Both coarse aggregéte type and
size contribute. Larger sized aggregates are more susceptible. If a distressed area is counted as

D-cracking, spalling is not counted separately.
Distress No. 5: Joint Seal Damage

Joint sealant minimizes the infiltration of water and incompressible material into the

joint. This leads to improved pavement performance through a reduction in moisture related
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deterioration (pumping and faulting, for example), spalling, and blowups. The joint sealant
should be pliable and firmly attached to the joint sidewall. Joint sealant is considered to be a
distress when it is debonded from the sidewall, is extruded from the joint, has hardened, is
suffering weed growth, or is missing. Joint sealant damage is not counted on a slab by slab basis,
. but the condition of all the slabs within the sample unit are combined into a single severity

rating.
Distress No. 6: Small Patch

A small patch has a surface area less than 5 fi®. These patches are typically partial depth
patches used to repair crack or joint spalling or surface scaling. The patch severity is rated
according to the amount of deterioration present, but in almost all circumstances, the presence of
the patch is c‘onsidered a distress. The only exception is if a narrow patch (4 in to 10 in) was |
used to repair a crack, in which case only the crack is counted. If the original distress that was

repaired is still present and is more severe than the patch itself, then that distress should be

“recorded, and not the patch.
Distress No. 7: Large Patch

Large patches have a surface area greater than 5 fi*. Most FULL-DEPTH repairs fall into
this category, including those used to repair corner breaks, D-cracking, blowups, and cracked
slabs. Utility cut patches are counted as a large patch. Large patches are always counted as a
distress, even if performing adequately. If the original distress that was being repaired is still
present and is more severe than the patch itself, that distress shouid be recorded, and not the

patch.
Distress No. 8: Popouls

Popouts are related to climatic and material factors. Popouts are identified as a series of

pock marks on the pavement surface. Coarse aggregate particles that expand and fracture under
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the influence of moisture and freeze-thaw cycling are the leading cause of popouts. Popouts
usually have a diameter of 1 in to 4 in and a depth of 0.5 in to 2 in. To be counted, there must be
an average popout density of at least three popouts per square yard of pavement surface. No

severity level is assigned.
Distress No. 9: Pumping

Pumping is the ejection of water and material from beneath the slab under applied
repeated loading. It is identified by the presence of staining and/or ejected material on the
pavement surface and is usually associated with faulting, poor joint sealant, and loss of support
beneath the slab. This distress is considered a major contributor to the formation of comer
breaks. The primary distress formation factor is loading, but water (a climatic factor) must be

available. Pumping is recorded on a slab by slab basis.

Distress No. 10: Scaling, Map Cracking, and Crazing

Map 'crackhlg and crazing isa network of fine, hairline cracks that barely extend into the
concrete surface. These cracks tend to intersect at approximately 120°, and are usually caused by
over-finishing or poor curing practices during construction. Otber causes include freeze-thaw
damage as a result of an inadequate air void system, deicing salts, and alkali-silica or alkali-
carbonate reactions. Map cracking and crazing is only counted if scaling is likely to develop in
the future. Scaling is characterized by loss of surface material to a depth of 0.25 in to 0.5 in.
Scaling is primarily a mﬁterials/construction related distress, although climate can play arole. It

is measured on a slab by slab basis.

Distress No. 11: Settlement or Faulting

Faulting is a difference in elevation across a joint or crack. It is commonly associated
with pumping and is caused by repeated load applications that predominantly occur in a single

direction. Climatic factors contribute through the presence of moisture and the reduction of joint
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load transfer that occurs during cool weather. This distress results in a decrease in ride quality as
it becomes mores severe. Severity levels are related to the functional classification (i.e. runway,
taxiway, or apron) of the pavement. In counting settlement, faulting between two slabs is

counted as one slab.
Distress No. 12: Shattered Slab/Intersecting Cracks

Cracking that divides a slab into four or more pieces is identified as shattered
slabfintersecting cracks. It is usually caused by excessive loading or loss of support. Poor design
(i.e. long joint spacing for a given thickness) is another potential cause. If all the pieces are
contained within a comer break, the distress is labeled as a severe corner break. The severity
level is related to the number of pieces in the broken slab and the severity of the cracks. if the

severity 1s m_edium or high, no other distress is recorded for that slab.

Distress No. 13: Shrinkage Cracking

Shrinkage cracks are partial depth hairline cracks that do not extend across the entire slab.
They are caused by improper curing of the concrete dljring construction and are construction

related. There is no degree of severity assigned to shrinkage cracking.
Distress No. 14: Transverse and Longitudinal Joint Spalling

Joint spalling is the breakdown of the joint edge within 2 ft of the joint. Joint spalls do
not normally pass vertically through the slab, but instead intersect the joint at an angle. Spalling
can result when incompressible material infiltrates the joint, leading to excessively high stresses
at the joint interface when the slab expands. Weak concrete and traffic can also contribute to
joint spalling. If the joint spall is small enough that it can be filled w1th joint sealant, it is not
recorded. Joint spalling is counted only once per slab, with the highest severity observed being

recorded.

44




Distress No. 15: Corner Spalling

Corner spalling differs from joint spalling in location, occurring within 2 ft of the corner.
Tt is sometimes confused with corner breaking, but is differentiated in that a corner spall angles
toward the joint, intersecting it before reaching the bottom of the slab. If the corner spall can be
filled with joint sealant, it is not recorded. Corner spalling is counted only once per slab, with

the highest severity observed being recorded.
Summary

Table 10 provides a summary of the PCC distresses recorded as part of the PCI inspection
process. Include is an indication of the primary and secondary factors that contribute to distress
formation. P:CC distress formation factors are complex, and can not easily be assigned a single
deterioration factor. Classifying a distress as load, climate, or material/construction related is

useful in gaining better insight into pavement deterioration.

II1.2. The Pavement Condition Index Procedure

IDOT-DOA has collected pavement condition data on ali publicly owned GA airports
since 1980. Inspections are generally conducted on & two year cycle. The data are collected in
accordance with FAA AC 150/5380-6, Guidelines and Procedures for the Maintenance of Ai;port
Pavements [FAA, 1982], which describes the procedures used to determine the pavement
condition index (PCI). Recent revisions to this procedure have been standardized in ASTM D
5340-93, Standard Test Methods for Airport Pavement Condition Index Surveys. The methods
described in ASTM D 5340-93 are very similar to the FAA methods, except some enhancements
have been made to address minor discrepancies in the original system. To-date, all IDOT-DOA

inspections have been conducted under the FAA procedure.

The first step in conducting a PCI survey is to divide the airport pavement network into a

series of unique features according to pavement design, construction history, and traffic.
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Typically, runways, taxiways, and aprons are separated. Differences in construction,
rehabilitation history, and traffic are then used to further divide the network. A final division can
be made if a preliminary survey finds significantly different conditions present over a pre-

selected feature.

Each feature is then divided into small inspection units called sample units. The
procedure states that each sample unit should be marked and numbered in such a way that it "can
be relocated for additional inspections to verify distress data or for comparison with future
inspections" [FAA, 1982]. A sample mnit on an AC surfaced pavement has a surface area of
approximately 5000 fi?, while a PCC sample unit consists of approximately 20 slabs. The
sample units are randomly pre-selected for inspection based on a statistical approach. The total

_number of sample units is sélected according to the desired confidence level (normally set at
95%) and the: variability of distress within the feature. Figure 10 shows the chart commonly used
to estimate this number. Higher desired confidence levels and greater variability requires an

increased inspection rate. If during the inspection proceés, an atypical area of distress is

observed that is niot withifi a sample umit to be inspected; this sample unit-should-be-addedasan

"additional sample unit."

The distress types, severities, and densities measured in each sample unit are used to
determine deduct values from the appropriate curves provided in the Advisory Circular. A total
deduct value (TDV) for each sample unit is determined by adding the individual distress deduct
values together. The TDV is then modified to a corrected deduct value (CDV) for the sample
unit according to Figure 11 for AC surfaced pavements or Figure 12 for jointed PCC pavements.
The PCI of the sample unit is determined by subtracting the CDV from 100. A PCI rating of 100
corresponds to a pavement that is free of visible distress, and is usually reserved only for newly
constructed pavement sections. A PCI rat.ing of 0 (zero) is assigned to a pavement in extremely

poor condition.

If the CDV of the sample unit is less than the highest individual distress deduct value, the
highest value should be used to calculate PCIL. It is not uncommon for the CDV to be less than
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the highest individual distress deduct. For example, if a sample unit had only low severity
weathering and raveling over its entire surface, it would have a TDV and CDV of 27, reéulti.ng
in a PCI of 73. If this same sample unit also had low severity L & T cracking at a density of 0.1,
it would have a TDV of 32, but a CDV of 20, resulting in a PCI of 80. Thus, it appears that the
sample unit with cracking is in better condition than the one without unless the TDV is used in
lieu of the CDV. In the above example, no reduction in condition is incurred through the
addition of the cracking. In other cases, it is possible that an increase in sample unit PCI can be
obtained when numerous distresses are recorded. The most recent revision of the PCI procedure,

described in ASTM D 5340-93, addresses this discrepancy.

The PCI for the pavement feature is calculated as the average PCI for all the sample units
inspected. Figure 13 presents an excellent schematic of the entire procedure, and Figures 14 and
15 show exal:nples of completed inspection sheets for AC and PCC, respectively. Typically,
computer programs are used to calculate PCI given the distress data. IDOT-DOA maintains its
own software for this purpose.

The PCI of an in-service pavement section usually lies between 50 and 100. Fifty is
commonly considered an un-acceptable condition. According to IDOT-DOA personnel, a
pavement with a PCI below 70 is in need of major rehabilitation in the form of an overlay to
Testore it. Occasionally, a pavement is so seriously deteriorated that an overlay will not cost

effectively restore it to useful life; at this time reconstruction is considered.

PCI procedures are well documented and repeatable if carefully conducted. Pavement
condition and deterioration rate can be effectively monitored year after year. These data can be

used to program rehabilitation and monitor the effectiveness of various pavement design,

‘material selection, construction, and maintenance techniques.
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IIL.3. IDOT-DOA Inspection Procedures

IDOT-DOA follows the basic inspection procedures described in FAA AC 150/5380-6,
with some notable exceptions. In accordance with the FAA Advisory Circular, IDOT-DOA pre-
selects features and sample units to be inspected, but no effort is made to re-inspect the same
sample units year after year. IDOT-DOA inspectors have stated that it might be better to
purposefully inspect different sample units during each cycle as it provides a more random
measure of pavement condition. This is not neceésarily in conflict with the Advisory Circular,

although it makes it impossible to monitor the deterioration of specific sample units.

The TDOT-DOA methodology is less rigorous than that advocated in the Advisory
Circular. Instead of meticulously measuring each crack width and length, IDOT-DOA inspectors
estimate the éuantity and severity of each distress as they walk briskly over each sample unit.
This process is not as critical on PCC pavements, where little measurement is required; but it

_ may be very important on AC surfaced pavements, where each crack length or distressed area is

recorded.

A typical runway sample unit is inspected by two or three individuals, with one acting as
recorder. The sample unit is walked over once. The types, quantities, and severities of the
various distresses are mentally tallied by each inspector and the data conveyed to the recorder at
the end of the sample unit. If considerable distress is present, distress information may be
relayed to the recorder more frequently. Although the IDOT-DOA procedure is not as
accurafe/precise as the FAA procedure, IDOT-DOA personnel feel that the PCI data are adequate
for their primary purposes of programming future capital improvement projects. In this study, it
was observed that certain distress types are sometimes misidentified. This issue will be
discussed in later chapters of this report. Overall, the inspections appear to be conducted in a

consistent and timely fashion.

A significant IDOT-DOA modification to the standard PCI procedure is the addition of
AC paving lane cracking as a separate distress. In the FAA procedure, paving lane cracking is
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counted as longitudinal and transverse cracking. Recording it as a separate distress is quite
useful, providing insight related to distress formation and propagatibn that is not available if the
distresses are combined. Difficulties arise in the calculation of the PCL, because the inclusion of
an additional distress can change the resultant PCI even if the overall distress quantity does not

change.

This is true even though IDOT-DOA uses the same deduct curve for both distresses. For
- example, assume that in a 5000 ft? sample unit that there is 300 ft of low severity paving lane
cracking and 200 ft of low severity transverse cracking. If there are no other distresses recorded,
and'the +wo are counted as one distress, the TDV and CDV equal 24, and the sample unit PCI is
6. Tf these two distresses are counted separately, the TDV would equal 28 and the CDV is 18,
resulting in a PCI of 82. The significance of this difference is debatable, but it must be
aclmowledge_d. Because of this modification, IDOT-DOA. PCI values are not directly

comparable to those calculated in strict accordance with FAA procedures.

II1.4. Summary

The systematic identification of pavement distress provides an excellent method for
estimaﬁng current pavement condition and tracking pavement performance over time. It also
provides significant insights into the mechanisms leading to pavement deterioration. The PCI
procedure described in FAA AC 150/53 80-6 is a widely accepted method of airport pavement
inspection. IDOT-DOA's modifications to the FAA methodology simplify the procedure and
substantially reduce inspection times. The IDOT-DOA recorded distress quantities are less
precisefaccurate. The overall effect on PCI is unknown. The separation of paving lane cracking
into an additional distress by IDOT-DOA offers better insights into the distress Imechanisms
leading to pavement deterjoration, but makes it difficult to compare the IDOT-DOA PCI to one
calculated using the FAA format.
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IV. FACTORS AFFECTING DISTRESS FORMATION AND PROPAGATION

Many factors contribute to the formation and propagation of pavement distress. These
factors can act alone or in combination, further complicating the process of identifying the cause
of an observed distress. To assist in identifying the primary cause of distress, distress formation
and propagation factors are commonly separated into climate related, load related, and

matetial/construction related factors.
IV.1. Climate Related Factors

1V.1.1. Climatic Considerations

The State of Illinois has a north-south orientation, stretching over 400 miles from the
northern border to the southern tip. This orientation results in significant climatic differences

from one end of the State to the other, with the northern portion receiving more severe winter

weather while the south has hotter summer conditions. This observation is noted by AASHTO;
which roughly divides the State in half; the northern portion falls in the wet, hard-freeze, spring
thaw region and the southern portion in the wet, freeze-thaw cycling region [AASHTO, 1993].

There are also east to west differences, although these are less pronounced.

Climatic factors are complex. Their influence on pavement performance is indisputably
strong. The two most important climatic factors are temperature and moisture [Thompson,
1992B]. According to Dempsey, "Although there are differences of opinion concerning the
relative imponance of the various factors, it is generally agreed that the temperature variation in
a pavement system at any location is caused by the climate of that area, and that the response of
the pavement system and its subgrade to the climate is controlled by the thermal properties of the
materials." [Dempsey, 1985B]. Moisture content also effects subgrade soil and granular base and
subbase strength/modutus characteristics, playing a major role in many material durability

problems.
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Climatic Considerations for AC Pavements

- Asphalt concrete is a thermoplastic material experiencing significant changes in stiffness
as temperature varies. During hot weather, the reduction in stiffness can lead to distortions, such
as rutting and corrugations. The pavement will also deflect more under loading, potentially
resulting in structural distress. As pavement temperature drops, the AC stiffens. At extremely
cold temperatures, the stiff AC material may no longer be able to accommodate contraction
without fracturing and low-temperature cracking occurs. Thermal fatigue cracking of AC
pavements is also common, resulting from daily temperature cycling rather than large seasonal

changes.

Both low-temperature and thermal fatigue cracking are exacerbated by aging/hardening
of the asphalt cement binder. Long-term hardening of asphalt cement is related to temperature,
as well as other climatic and material factors. The mechanisms leading to asphalt cement aging,
or hardening, are complex and are still under investigation. The general consensus of the

——————‘research—community1's---that—oxidation—and—the—fonnat—ion—-of—molecular- structures-are the two

primary mechanisms contributing to long-term aging of AC mixes at ambient pavement
temperatures. A companion report developed in this study, Aging Phenomenon in Asphalt

Concrete Pavements - A Literature Review, provides a series of abstracts prepared from the

most recent literature on this topic. Also included are descriptions of a number of proposed
laboratory test methods that might be useful in identifying the asphalt cement aging
characteristics. (NOTE: The companion report is available from the Illinois Transportation

Research Center.)

Strategic Highway Research Program (SHRP) research extensively examined the
relationship between climate and the.aging/harderﬁng of the asphalt cement binder, and
subsequent low-~temperature cracking [Jung, 1994][Bell, 1994A]{Bell, 1994B][Anderson, 1994).
As a result, new asphalt cement binder specifications are proposed to account for the

physical/chemical propesties of the binder and the field service temperatures [Anderson, 1994].

51




Moisture effects in AC pavements affect both the material durability and pavement
structural response. The most common durability problem is AC stfipping. Stripping is the
removal of the asphalt cement film from the coarse aggregate particle in the presence of water.
Usually traffic is a contributing factor. Stripping is strongly influenced by aggregate and asphalt

cement properties, but moisture plays a significant role in its development and propagation.

Moisture affects pavement structural response through its impact on paving material
strength/stiffness. At higher saturation levels, there is a significant reduction in the strength and
resilient modulus for fine-grained soil and some granular materials. There is also a
corresponding increase in permanent deformation and rutting potential under repeated load

applications [Thompson, 1992B].

The combined effect of temperature and moisture is most evident under freeze-thaw:
conditions. A frozen pavement structure is considered to be quite strong as the frozen subgrade

and granular base have greater stiffness than in the unfrozen state. When this structure thaws, the

cffects of feezing and saturation may significantly reduce the subgradeand granufar
base/subbase strength/stiffness characteristics [Thompson, 1992B]. It is during this time that
"Spring Breakup" occurs, as many pavements suffer extensive structural deterioration due to

reduced support.

Potential heaving problems arise if the water table is close to the surface, and the
subgrade is "frost-susceptible”". The most frost susceptible subgrades are silts. Silts have a
combination of small particle size and sufficient permeability that facilitates the rapid movement

of moisture upward as it is drawn to a growing ice lens.

Significant loss of strength in high strength stabilized bases (HSSB ) can result from the
damaging effects of freezing and thawing. This is a consideration when cold temperatures slow
or stop the pozzolanic or cement hydration reactions prior to full strength gain or damages the
structural integrity of the material. This may pose long-term structural concerns if not addressed

in the design process.
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Climatic Considerations for PCC Pavements

Temperature and moisture effects are the two primary climatic concerns related to PCC
pavement performance. Temperature induced expansion/contraction and slab curling have major
impacts on the formation and propagation of many PCC pavement distresses. Improperly sealed
joints may fill with incompressible material during cold temperatures as the slabs contract. The
slabs expand as the temperature rises. Stress concentrations may form, leading to spalling or
blow-ups. When joints open during cooler weather, aggregate interlock decreases and increased

load induced tensile stresses result.

A temperature differential commonly exists between the surface and bottom of a PCC
slab. This temperature gradient produces curling stresses, which can lead to significantly higher
tensile stresshfo_r longer, thinner slabs. The cyclic nature of load and curling induced tensile
stresses can ultimately fatigue a PCC slab, leading to slab craékjng. Corner breaks are also
partially attributed to temperature curling, which alternately pushes the comers down into the

supporting layer and lifts them off Their support as the slab temperature gradient changes through
its daily cycle. In combination with load, significant tensile stresses can be generated both at the
top and bottom of the stab corner. ‘When the corner is curled upward, higher deflections are
incurred under loading. In the presence of moisture, increased corner deflections can lead to

pumping and void formation, perhaps leading to faulting and corner breaks.

PCC pavements are influenced by freezing and thawing. Non-stabilized supporting
layers lose stiffness as they thaw and become saturated. Heaving can also be a problem under
certain moisture and subgrade soil conditions. One of the most severe problems affecting PCC
pavements in the State of Illinois is freeze-thaw induced D-cracking. Freezing and thawing can

also lead to scaling of the PCC if an inadequate air void system exists
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Summary

Climatic conditions have a profound effect on AC and PCC pavement performance. In
combination with load and/or material/construction factors, climate becomes a majox
consideration. An understanding of climatic conditions is essential to evaluate of Hllinois GA

pavement performance data.

IV.1.2. Climatic Models

Climatic effects on Illinois pavement performance have been extensively studied.
Climatic effects contribute to weathering/raveling, longitudinal, transverse, and block cracking in
AC pavements and slab cracking, spalling, and D-cracking in PCC pavements. The NCHRP 1-

26 study [Th-ompson, 1992A][Thompson, 1992B] provides an extensive review of the two most
| advanced climatic models available for pavement analysis: the Climatic-Materials-Structural (C-
M-S) Model and the Integrated Model (IM). NCHRP 1-26 found that the IM was more

comprehensive and sophisticated, but isdifficultto-use dueto-the number-and-complexity-of the
inputs required. It was thus recommended that the C-M-8 model be the primary climatic model
for pavement applications in which detailed site specific information is not available [Thompson,
1992B].

" The C-M-8 Model has been described in a number of published reports {Dempsey,
1985B][Dempsey, 1986]. Heat transfer and moisture models calculate pavement temperature
and moisture profiles as a function of time. Climatic inputs include maximum and minimum
daily air temperatures, wind speed, and solar radiation data. Material inputs, in addition to the
pavement structure, include thermal properties of the soil and pavement materials, liquid and
plastic limits of the soil, soil type, saturated water content, depth to the water table, and unit
weights of all materials. A schematic of the C-M-3 Model is provided in Figure 16 [Dempsey,
1986].
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The C-M-S Model was used to prepare an [llinois climatic database for characterization
of temperature effects on pavement analysis and design [Thompson; 1987]. It was demonstrated
thét the Illinois Climatic Data Base for Pavements could be successfully used to predict the
temperature profiles in both AC and PCC pavements. Table 11 presents typical 12-in full depth
AC pavement temperature profile data for Rockford, Urbana, and Cairo. The temperatures differ
significantly from one end of the State to the other, with warmer air and pavement temperatures

recorded in southern locations.

AC temperature algorithms were developed from a C-M-S data base for Rockford,
Urbana, and Cairo [Thompson, 1987]. These algorithms relate the average monthly AC
pavemeﬁt temperature to mean monthly air temperature (MMAT). The results of these
algorithms compared favorably to those used by Shell Oil [Shell, 1978] and those developed by
Witczak for 1-:he Asphalt Institate [Witczak, 1972] [AL, 1982]. The main emphasis is to
accurately estimate average monthly maximum and minimum AC temperatures for use in

characterizing AC mixes for structural design. More recent NCHRP 1-26 research used the

C-M-S Model to develop pavement temperature (PT) and nrean mronthly pavement-temperature

(MMPT) algorithms for various locations around the country [Thompson, 1992B].

A practical use of AC temperature data is reflected in the current Illinois Department of
Transportation's highway design schemes for conventional and full depth AC pavements
[Thompson, 1986][Thompson, 1988), as well as in the Asphalt Institute's [AI, 1991] and Shell
Oil's [Shell, 1978] design methods. The Design Time concept is used in the Illinois design
procedures. The AC fatigne damage incurred throughout the year under various temperature
conditions is reduced to a single equivalent Design Time. AC mix temperatures are calculated
for this Design Time. The AC mix temperature is then related to the stiffness of a standard
IDOT Class Ilmix, depending on the type of binder (i.e. AC-10 or AC-20) used. In the two -
IDOT design procedures, maps of the State are used to select the appropriate AC mix

temperature for the project location.
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The effect of daily maximum and minimum temperatures on pavement performance are
not considered in any of the current AC design schemes. The maximum and minimum daily
pavement temperatures are far more extreme than those averaged over longer time periods. The
data in the Illinois Climatic Data Base for Pavements were calculated on a weekly basis,
although the diurnal effect of temperature cycling was recognized [Thompson, 1987]. The
implications of asphalt cement hardening and its corresponding effect on thermal cracking is not

directly considered in the current design schemes.

SHRP research addresses some of these issues, leading to the formation of a climatic
database entitled, Weather Database for the SUPERPAVE™ Mix Design System [Solaimanian,
1993][Huber, 1994]. This database provides the maximum average daytime air temperature
during the hottest consecutive 7-day period and the minimum air temperature recorded in an
average year._ A series of algorithms are provided to convert the maximum average 7-day air
temperature into a ﬁavement temperature using the latitude of the pavement location as an input.

In the initial approach, minimum pavement temperature is assumed to be equal to minimum air

temperature, although the validify of this assumption has been questioned by a number of
researchers. Work is continuing to develop an improved algoritms to predict minimum

pavement temperature,

Under the SHRP procedure, the minimum and maximum air temperatures are used to
specify an asphalt cement binder best suited for the field temperature conditions. This binder
selection process includes tests to simulate both short- and long-term aging of the binder, thus

addressing some of the limitations that exist in current design schemes.

A current University of Illinois study (Project IHR 424 entitled, SHRP Asphalt Testing
for Performance Specification) is evaluating the SHRP methodology. Maximum and minimum
pavement temperatures provided in the SHRP data base are being compared to those
measured/calculated within the State. Asphalt cements commonly used within the State will be
graded according to the SHRP performance grading system [Petersen, 1994]. Anticipated
completion date is in 1996.
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PCC pavement temperatures are essential in considering slab curling. In curling stress
analyses, it is not the extreme maximum and minimum pavement temperatures that are of
primarry conéern, but instead the magnitude of the temperature gradient (i.e. the difference in
temperature from the top of the slab to the bottom) through the slab. These effects are primarily
diurnal, but seasonal variations can also influence the temperature curling of PCC [Thompson,
1987).

Curling stresses were first calculated by Westergaard [Westergaard, 1926] using
superposition to find total stresses induced by a wheel load and a linear temperature gradient.
Finite element programs allow for more complex solutions, accounting for different slab
dimensions, wheel loadings, subgrade models, and most recently, non-linear temperature
gradients. A number of closed-form solutions have recently been developed that model the finite
element soluthion, providing a simplified means for conducting what has previously been a.

complex analysis [Salsilli, 1993] [Lee, 1993].

Investigations of the maximum positive temperature gradients typically encountered in
Ilinois were conducted as part of the NCHRP 1-26 study [Thompson, 1992B][Salsilli, 1993].
The gradient data have been incorporated into the computer program ILLICON. Table 12 shows
calculated 6-in slab temperature differentials for Rockford, Urbana, and Cairo. Temperature
gradients calculated for various locations within the State do not reveal a marked difference even
though the maximum and minimum air temperatures vary considerably. Thus, PCC slab curling

can be calculated using a single temperature gradient for the entire State.

Although the C-M-S Model is capable of generating moisture profiles for given material
and climatic characteristics, the complexity of the problem prevents the creation of simple
algorithms similar to those developed to estimate temperature effects. It is also difficult to
significantly alter a méisture profile under field conditions in typical pavement applications.
Calculated moisture profiles are rarely a direct pavement design input. Instead, potential _
moisture problems are addressed in pavement design through application of preventative

techniques, including the use of less moisture sensitive materials or removal of water through

57



drainage. Material specifications are written to minimize the deleterious affects of moisture,
including tests for stripping susceptibility of AC mixtures (ASTM D 4867) and D-cracking in
PCC pavements (ASTM-C 666).

IV.1.3. Project Approach

Climatic has a significant effect on pavement performance. The climatic modeling tools
currently available, including the IM and C-M-S Model, are powerful, but are limited by the
extensive inputs required. In the context of this project, the data required to utilize these
sophisticated model are not available. Therefore, the direct application of either the C-M-8
Model or the IM is not considered feasible.

The c-limatic algorithms discussed previously show promise. Those determined using the
Niinois Climatic Data Base for Pavements are most applicable to the State, but address only

weekly or monthly average temperature effects. This approach is adequate for structural

thickness design, but does not provide the accuracy required in examining low-temperature
cracking. The SHRP algorithms are formulated speciﬁéally to addressed both fatigue and
thermal cracking problems, yet require verification for applicability to Illinois conditions. The
asphalt cement binder and AC mix properties are not available on the pavement sections included
in the project data base. It was decided that a less specific approach be utilized to examine the

influence of climate on GA pavement performance within the State.

There are quantifiable _differences along the north-south orientation of the State. The
State was divided into three climatic regions, using the two major east-west Interstate highways
(I-80 to the north and I-70 to the south) as major dividing lines. As shown in Figure 17, IDOT-
DOA's administrative division of the State roughly approximates these boundaries. It was
concluded that the most efficient and meaningful method for incorporating climatic
considerations into this study was to work within the existing IDOT-DOA Administrative
Regions. Thus, the Northern Climatic Zone contains Administrative Regions 1 and 2, the
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Central Climatic Zone consists of Administrative Region 3, and the Southern Climatic Zone
includes Administrative Regions 4 and 5. -

Specific climatic considerations related to structural performance and asphalt aging are

addressed subsequently under structural and material/construction considerations.

IV.1.4, Summary

Climatic factors have a large impact on pavement performance. Sophisticated heat
transfer and moisture models are available for estimating pavement temperature and moisture
profiles. The number and complexity of the inputs limits their practical use. Simplified
algorithms for calculating pavement temperatures have been developed for the State of [llinois
for the selection of binder and estimating AC mixture properties (particularly modulus). Recent
SHRP asphalt research shows promise, and a current University of Illinois project is evaluating

the SHRP approach.

Specific concerns related to the structural performance and aging of asphalt cement is
addressed in subsequent chapters. In considering the pavement condition data, it was determined
that the most effective approach is to use the existing IDOT-DOA Administrative Regions,

dividing the State into northern, central, and southern climatic regions.
IV.2. Load Related Factors

IV.2.1. Strucﬁ]ral Considerations

Pavement responses (stress, strain, and deflection) to applied loading are analyzed to
characterize structural behavior and predict probable pavement performance. Factors that
influence structural response include loading, pavement design, paving layer properties, subgrade
characteristics, construction control, and climatic influences on material properties. There are

excellent models available for the structural analysis of pavement systems. In this study, the
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ILLI-PAVE and ILLI-SLAB finite element models were used to andlyze AC and PCC

pavements, respectively.
Structural Considerations for AC Pavements

The two major AC pavement structural distresses are alligator (or fatigue cracking) and
permanent deformation (surface mtting). Alligator cracking appears on the pavement surface as
repeated load applications propagate cracks upward from the bottom of the AC (or stabilized
~ base) layer. The cracking initiates as the AC material fatigues under repeated tensile stress/strain
applications. Empirical relationships have linked fatigue cracking to load induced AC tensile
strain. AC tensile strain is therefore a primary indicator of potential structural performance.

Perm;ment.deformation can occur in any or all of the pavement layers or subgrade. Itis
critical if it leads to substantial surface rutting. Typically, rutting in the AC layer and granular

base material is controlied through proper mix design, material selection criteria, and

construction specifications. Surface rutting in well constructed pavements is thus closely linked
to subgrade rutting. There are a number of empirical relationships that relate subgrade vertical
strain to rutting. IDOT highway pavement design practices relate rutting potential to the
subgrade stress ratio (SSR). SSR is defined as the load induced deviator stress divided by the
unconfined compressive strength of the soil [Thompson, 1986][Thompson, 1988].

Climatic and material factors have a large impact on structural performance. Through
adequate pavement design and material specifications, the impact is minimized, but never
eliminated. The previously described Design Time concept incorporates climatic effects into
flexible pavement structural design. Other well known design schemes also address the climatic
issue through the seasonal adjustment of material propefties AL, 19911[AASHTO, 1993][Shell,
1978].
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Structural Considerations for PCC Pavements

The primary structural failure mechanism in PCC pavements is slab fatigue cracking
caused by load induced tensile stresses at the bottom of the slab. Empirically derived transfer
functions are normally used to relate a "percentage of slabs cracked" to the ratio of induced
tensile stress divided by the modulus of rupture of the PCC (6/Myg). The factors that influence
the magnitude of the induced stress include the loading conditions, slab size and thickness, PCC
modulus, PCC Poisson's ratio, and the modulus of subgrade reaction (k). The problem is further
complicated when temperature curling and load transfer efficiency at joints and cracks are

considered.

Slab cracking is only one structural problem observed in PCC pavements. Another
common structural defect is corner breaking. Corner breaking is highly influenced by climatic
factors. Under a fully supported slab with even moderate load transfer efficiency, the critical

location for tensile stress is almost invariably at the mid-point of the longest joint INOTE: load

configuration and oriéntation can change this critical location). In situations where high vertical
corner deflections occur due to poor load transfer, temperature curling, and/or loss of support,

corner loading can become critical. In these instances, corner breaking can result.

Other distresses, including joint and corner spalling, have a structural component, but are

primarily a result of other factors.

Iv.22. Loading Conditions

An important consideration in pavement structural analysis is to identify the loading
conditions. A total of 27 GA airport managers throughout the State were contacted and
interviewed to determine the largest aircraft using their facility on a daily, infrequent, and one-
time basis. Information on the type of fueling and snow removal equipment employed was also

sought. The Illinois Airport Inventory Report - 1993 was consulted to determine annual
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operations and the number and type of based aircraft reported at each airport under investigation
[IDOT-DOA, 1993]. |

The vast majority of aircraft using GA facilities are single engine or light twins (gross

. weight < 8,000 lbs). The heaviest aircraft typically observed on a monthly basis is the

Beechceraft King Air B200 (maximum gross weight of approximately 12,500 lbs). Considerably
less common are small corporate jets such as a Citation or Lear (maximum gross weights of less
than 20,000 lbs). The heavier King Air and small corporate jets use dual wheel main landing
gears. There are loading differences between GA airports. Those located near metropolitan
areas generally have more frequent applications of the heavier aircraft. Large corporate aircraft

based at an airport can also lead to higher than normal traffic.

Most_Illinois GA airports use fueling pumps instead of fuel trucks. When trucks are used,
the single axle load is always less than normal highway levels of 18,000 lbs. Typically, a 2500
gallon, single dual rear axle fuel truck is used. Heavier 5000 gal trucks were reported, but these

featured twin dual rear axles. The heavier fuel trucks were generally located at larger airports.
Some airports use a modified pickup truck with a 300 gal tank mounted in the bed.

Snow plowing is typically conducted by the local governing agency using street snow
removal equipment. Pickup and dump trucks were the most common pieces of equipment
employed, although road graders and farm tractors were also reported. At some of the larger

airports, specialized snow removal equipment was used, such as Oshkosh snow blowers.

IV.2.3. Structural Models

A number of structural models are available for the analysis of pavement systems. These
include both elastic-layer programs and finite element models. Because of the differing load

carrying characteristics of AC and PCC pavements, separate models are used for each.
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AC Structural Models

AC pavement analysis has traditionally been conducted using elastic-layer analysié
methods. It is assumed that all the layers are homogenous, isotropic, linear elastic, infinite in
extent with a finite depth, except for the bottom layer which is considered to be infinite in depth.
Each layer is assigned a modulus and Poisson's ratio, and the interface between the layers is set
to be fully-, partially-, or un-bonded. The most recent FAA design developments currently

undergoing evaluation are based on the elastic-layer model.

The University of Iilinois has developed a widely used finite element program (called
ILLI-PAVE) for the analysis of flexible pavements. ILLI-PAVE accommodates the stress
dependent behavior of granular base materials (stress-hardening) and the subgrade soil (stress-
softening). ILLI-PAVE only accommodates a single wheel load. ILLI-PAVE has been used to
create extensive pavement structural response data bases and pavement structural response
algorithms have been derived for conventional and FULL-DEPTH AC highway pavements.

[Thompson, 1985]{Gomez-Achecar, 1986].

PCC Structural Models

The earliest PCC structural analysis models stems from Westergaard's work. He
developed a series of equations to estimate PCC slab stress and deflections using closed-form
solutions [Westergaard, 1927]. This work has undergone modifications since its initial

publication, but continues to be an important tool in the analysis and design of PCC pavements.

The finite element solution has gained popularity as the availability of computing power
increased. The most popular finite element model utilized for PCC pavement analysis is ILLI-
SLAB. The development of this two-dimensional finite element model continues, with enhanced

features allowing more and more complex analysis of the PCC pavement system.

63



Even though computers and PC versions of ILLI-SLAB are readily available, the
complexity of the finite element solution restricts its use primarily to the research community.
Considerable efforts have led to the development of pavement response algorithms to
approximate the ILLI-SL AB response to various loading configurations, temperature curling
conditions, and load transfer efficiencies. Salsilli significantly advanced the accuracy and
usability of these pavement response algorithms in his work conducted for NCHRP 1-26
[Salsilli, 1993]. His work was incorporated into a highway design computer program called
ILLICON. Lee continued to develop pavement response algorithms, using advanced statistical
techniques as well as deriving a dimensionless parameter for use in the calculation of curling

stresses [Lee, 1993].

Summary

There are several structural models for the analysis and design of pavements. Computer-

based elastic-layer and finite element programs are readily available. The ILLI-PAVE and ILLI-

SLAB finite element models contain advanced analytical features and widespread acceptability,
and have been used extensively within the State of Illinois for the design and analysis of highway
pavements. Finite element models are complex, requiring in-depth knowledge and a large
number of inputs to be run effectively. To address this short-coming, pavement response
algorithms derived from finite element data bases are frequently used for routine pavement
analysis and design. These algorithms provide a rapid means to calculate pavement response(s)

without sacrificing the efficacy of the finite element method.

IvV.2.4. Proj ect Approach

In considering structural factors that contribute to GA pavement deterioration, typical
loading conditions were first identified. Sophisticated structural models and state-of-the-art
distress transfer functions were then used to estimate structural life as a function of design

aircraft passes. The specific project approach for AC and PCC pavements is discussed below.
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Project Approach to Loading

GA airport loading was considered in two ways. In the structural analysis of current
design procedures, a design aircraft was selected. Surveys of ajrpoft managers and review of the
linois Airport Inventory—1993 [IDOT-DOA, 1993] indicated that the Beech King Air B200 (or
aircraft of similar weight and configuration) was the heaviest aircraft serviced by many of the
GA airports on a monthly basis. For many airports, it was the heaviest aircraft to use their
facility at any time. The King Air B200 is also the heaviest aircraft used by IDOT-DOA. It was
therefore selected as the design aircraft for this study.

The Beechceraft Super King Air B200 has a maximum takeoff and landing weight of
12,500 1bs. The main gear carries approximately 11,250 lbs (assuming approximately 90% of the
gross maxim;ml weight). This main gear consists of two dual wheel combinations, resulting in
each of the four tires carrying approximately 2,800 1bs. The tire pressure is 103 psi, with each
dual tire being spaced 11 in center-to-center. The spacing between the dual tire assemblies is 14

ft11.5in center—to-ceﬁter.

GA airport service vehicle weights are generally at or below that typically encountered in
highway applications. Load applications are less frequent and less channelized than normally
observed on streets and highways. As these loading conditions were not considered critical, the

structural analyses conducted in this study are restricted to the King Air B200 aircraft loading.

A "Loading Code" was also assigned to each pavement section included in the ﬁroj ect
data base. This Loading Code was useful in examining the occurrence of load related distress.
Airport specific factors that contributed to the Load Code were the number of annual operations,
the number and length of the runways, the munber of based aircraft, ahd thé number of based
aircraft that were multi-engine prop or jets. Each pavement section was examined to determine
the type and frequency of traffic that it would normally service. The Loading Code is designated
as either low, mediuin, or high. A medium Load Code was assigned to pavements subjected to

infrequent (approximately once a month) King Air B200 aircraft operations. A low Load Code
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was set for pavement sections that would not be expected to receive any King Air B200 loading.
The high Load Code is for pavements expected to service numerous King Air B200 and/or

corporate jet aircraft.

For example, at a larger airport, taxiway sections leading to small T-hangers that can not
accommodate large aircraft would be assigned a low Loading Code. A primary taxiway at the
same airport may receive a Medium or High rating, depending on annual operations, runway
length, and based aircraft. In this way, a basis for identifying load related distress modes was |

implemented.
Project Approach to AC Structural Analysis
The impact of GA loading on the structural response/performance of AC pavements was

quantified through development of a GA pavement response data base using the ILLI-PAVE

finite element program. Pavement response algorithms were derived from the data base using

the same model forms previously developed for highway loading [Thompson, 1985] [Gomez-
Achecar, 1986]. The design aircraft was the Beecheraft King Air B200. The material properties
used in the ILLI-PAVE analysis are presented in Table 13.

For conventional AC sections, AC thicknesses of 3, 4, and 6 in and granular base
thicknesses of 6, 9, and 12 in were investigated. FULL-DEPTH AC sections included
thicknesses of 4, 6, 8, and 10 in. The Systat® statistical aﬁalysis program was used to develop the
pavement response algorithms for conventional and FULL-DEPTH pavements presented in
Tables 14 and 15, respectively. The critical pavement response parameters and the procedure
used to derive the algoﬁthms for the two pavement types are presented in Appendix A of this
report. |

Limited field and laboratory testing were conducted as part of this study to develop some
typical AC pavement structural response and material properties for GA airports. This effort

provided useful AC modulus information for typical P-201/P-401 mixtures.
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Falling weight deflectometer (FWD) testing was conducted on newly 6onst1'ucted
pavement sections at Pontiac (3-in AC over 8-in granular) and Morris (9.5-in AC over 4-in
granular). A description of this investigation is presented in Appendix B of this report. Tables
16 and 17 summarize the results of this analysis for Pontiac and Morris, respectively.
Backcalculations of E ¢ and Ey; were accomplished using 9-kip pavement response algorithms
developed for IDOT highway applications. Backcalculated E, . values from Pontiac are not
considered, as it is generally acknowledged that this procedure is unreliable for thin AC sections.

Only the Morris data were used to backealculate E, .

Compared to a typical IDOT Class I AC-10 mixture, the backcalculated E, . values from
Morris are slightly lower than would be expected over a similar temperature range. This finding
suggests that although both the IDOT-DOA P-201/P-401 and the IDOT Class I mixes are high
quality, the e;l1phasis on addressing climatic effects through lower air voids and high asphalt
content in the IDOT-DOA mixes may have reduced the AC stiffness.

A laboratory investigation was conducted on 74 AC thickness core samples (90 total
specimens produced after sawing) obtained from three recently constructed projects at Pontiac,
Morris, and Mt. Sterling. The core samples included both surface mixes (P-401) and binder
mixes (P-201). Bulk specific gravity, resilient modulus (@ 70° F and 90° F), and split tensile
testing was conducted to determine selected AC material properties. The results of this
laboratory investigation are presented in Appendix C of this report. Table 18 summarizes the

laboratory results for each airpert.

Relatively low E,. values were obtained for the Pontiac cores. Some of the cores
suffered inexplicable creep at 90° F and two of 13 cores "fell apart" prior to testing. In one core,
the rubber band used to attach the label cut deeply into the core and severely deformed it. Mt.
Sterling and Morris cores showed stiffness behavior slightly lower than expected for a IDOT
Class I mixture [IDOT, 1994].
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Because the resilient behavior of the Morris and Mt. Sterling AC materials were only
slightly lower than that expected for an IDOT Class I mixture, it was considered appropriate (for
the purpose of this study) to use Class I AC properties in the structural analysis.

| Typical GA pavements (typical conventional flexible and FULL-DEPTH) were designed
using the FAA and A_I procedures for the King Air B200. Soil CBR values of 3, 5, and 7
(roughly equivalen{ to subgrade resilient modulus, Ey;, values of 3.0, 7.7, and 12.3 ksi) were
used. Ey; is defined as the break-point resilient modulus, which occurs approximately at a
- repeated deviator stress of 6 psi. The FAA and Al pavement design thicknesses are presented in
Table 19.

The ILLI-PAVE pavement response algorithms derived in the course of this study were
used to estimate AC strain and subgrade stress ratios for the FAA and Al design sections.
Climatic effects on AC mixture temperature were incorporated according to the procedures used

by IDOT for highway design [Thompson, 1986][ Thompson, 1988]. The resulting AC mix

temperature and corresponding estimated AC moduli (For IDOT Class I AC-10 mixture) are
presented in Table 20. '

A discussion of IDOT-DOA AC mixture stiffness and fatigue properties is presented in
Appendix D of this report. As a result, it was considered acceptable, for the purpose of this
study, to estimate pavement fatigue life in allowable passes using the IDOT Class I fatigue
relationship presented below [Thbmpson, 1986]:

3.0
N =5x1 0“‘-”‘[LJ

Eac

Where: N is the allowable load repetitions (coverages)

€4c is the AC tensile strain (in/in)
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Allowable coverages are converted to allowable passes using a pass-to-coverage (P/C) ratio that
- reflects the lateral distribution of the aircraft. For dual wheeled airci‘aﬂ, the P/C ratio for
channelized flow is 3.48 [FAA, 1978].

The estimated allowable passes for the conventional and FULL-DEPTH sections are
shown in Figures 18 and 19, respectively. In all cases, the allowable passes for conventional
pavements is in excess of 100,000. The Al provides a more conservative design. The number of
allowable passes are based on a fully loaded King Air B200. This aircraft operates at most
airports considered in this study about once a month. The FAA and Al designs show the effect
of reduced AC mixture stiffness for the warmer southern climates, with fewer allowable passes.
Even though, it is emphasized that southern pavement sections would be considered structurally
adequate. The FAA design is insensitive to subgrade stiffness, but the Al designs show
decreasing si;'uctural life (allowable passes) for stiffer subgrades, suggesting that pavement
thickness was reduced disproportionately for stronger subgrades.

The analysis of FULL-DEPTH sections reveal even greater structural capacity, with
estimated allowable passes in excess of 1,000,000. The same climatic trends exists as for the
conventional AC designs, with reduced structural life estimated for southern sections. The FAA
design was most conservative. The factors used to "convert" granular base and subbase to AC
control the AC thickness. It is noted thét the validity of the conversion factor approach is

questionable. The FAA and Al designs are more conservative at lower subgrade stiffness values.

Subgrade stress ratios (SSR) were also calculated for the various designs. In no case did
the SSR exceed 0.44 for the conventional pavement sections, and then only in the case of the
weakest subgrade conditions. For the two stronger subgrade conditions, the SSR was less than
0.30. The SSR was always below 0.20 for the FULL-DEPTH AC designs. Rutting is typically
not a concern in pavement sections where the SSR is less than 0.5. Thus, it is expected that GA
airport subgrade rutting would not be a problem for the designs considered. '
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It is concluded that load related distress factors should not contribute significantly to GA
flexible pavement deterioration. It is emphasized thaf the structural ~ana1ysis was conducted.
using IDOT Class I mixture properties and fatigue relationships. To develop an AC structural
design methodology for State GA airport pavements, specific mix properties and fatigue
relationships need to be established for IDOT-DOA P-201 and P-401 mixes.

Project Approach to PCC Structural Analysis

~ For PCC pavement analysis, the ILLI-SLAB model was used. Slab thickness was set at 6
in, corresponding to IDOT-DOA practicés to-date on all air-side PCC pavements. Three slab
sizes (12.5 ft by 12.5 ft, 12.5 ft by 15 ft, and 12.5 ft by 20 ft) were evaluated on support values
(modulus of subgrade reaction, k) ranging from 50 to 500 pci. Free edge loading for the
Beechcraft Iéing Air B200 was placed at the critical longitudinal and transverse edge locations.
The initial experimental matrix consisted of 108 ILLI-SLAB runs conducted without a
temperature gradient. This analysis found that the longitudinal joint loading condition was

critical in all instances. Relevant ILLI-SL.AB pavement response parameters as well as a more

detailed description of the PCC structural analysis are presented in Appendix E of this report.

The climatic effect of slab curling was considered by including a 2.5° F/in temperature
gradient (15° F from top to bottom of the slab). In llinois, a 2.5° F/in temperature gradient is
considered critical as it is typically exceeded only 10% of the time over the course of a year (see
Table 12). A positive temperature gradient (the top of the slab is warmer than the bottom) is
most critical as the curl stress is additive to the load stress. An additional 54 ILLI-SLAB runs

were conducted with a temperature gradient, with the load positioned on the longitudinal joint.

ILLI-SLAB results are shown if Figures 20, 21, and 22 for PCC modulus of elasticity
(Epcc) values of 3, 4, and 5 million psi, respectively. These critical stresses are based on free
edge conditions and are not representative of field conditions, but the trends are significant. For
any given slab length, curling stresses contribute to significantly higher critical stress levels.

This effect is most pronounced as slab size increases from 12.5 fi to 15 ft, indicating that under
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identical conditions, the same loading will induce higher stresses in the 15 ft slab than in 2 12.5 ft

slab with a positive temperature gradient.

To better reflect actual field conditions, the free edge stresses were reduced by 25% to
reflect the load transfer efficiency of the joints as recommended by the FAA [FAA, 1978]. Itis
noted this stress load transfer efficiency translates to a deflection load transfer efficiency of
approximately 85%. Figure 23 shows the plot of the reduced critical stress conditions for Epee of
4,000,000 psi, illustrating the influence of curling stresses and of slab length.

PCC fatigue cracking is commonly related to the stress ratio (SR) which is equal to the

stress over PCC modulus of rupture (0/Mg). The following relationship was developed by
Foxworthy to estimate the PCC modulus of rupture given the Ep.. [Foxworthy, 19857:

M, = 43.5[‘?(’)—0;-') +4885

Where: Mg is the PCC modulus of rupture (psi).
Epec is the PCC modulus of elasticity (psi).

The equivalent My for Epqe of 3, 4, and 5 million psi are 619, 662, and 706 psi, respectively. The
minimum quality that would typically be built under a P-501 specification would have a 28-day
My of 650 psi. The remaining discussion is based only on an Epg of 4,000,000 psi.

A number of PCC fatigue/slab cracking transfer functions are represented in the
published literature. Two have been selected for examination in this study. The Zero-
Maintenance Design equation (ZM) was derived from a 140 laboratory beam tests collected
under three previous studies [Darter, 1977]. The least squares regression curve has the following
form [Darter, 1977]:

Log N =1761-1761SR
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Where: N is equal to the number of stress applications to failure.
SR is the stress ratio (0/My). |

This design equation was developed for a failure probability of 50%.

Typically, laboratory testing does not directly relate to field performance, as the
variability inherent in field conditions (i.e. loading variability, support conditions, construction
variability, climatic conditions, etc,) is not accounted for. To address these concerns, it is 7
necessary to calibrate laboratory observation to field performance. An example of such a field

calibrated mechanistic design model (MD) is presented below [Salsilli, 1993]:

_Qap-5367 oy 02278
N LogN = SR Log(1— P)
0.0032
Where: N is equal to the number of stress applications to failure.

P is equal to the failure probability level

In this analysis, both PCC fatigue transfer functions were used to estimated the allowable
coverages to slab cracking. The Mg was set at 662 psi (for Epec = 4,000,000 psi), and the critical
tensile stresses were reduced 25% for load transfer. A pass-to-coverage ratio (P/C) of 3.48 was
applied per FAA recommendations [FAA, 1978]. A percent probability of failure of 50% was

used.

Figure 24 presents the estimated allowable passes to 50% slab cracking for each fatigue
modei for no curl or curl conditions. Slab thickness was set at 6 in. The general trends show
with increasing modulus of subgrade reaction, there is an increase in estimated passes to failure.
This trend is most pronounced when curl is not considered. The Zero-Maintenance (ZM) model
predicts higher allowable passes than the Calibrated Mechanistic Design (MD) model under the

same conditions.
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Both fatigue models predict allowable passes in excess of 10,000,000 if only load related
stresses are used in the analysis. When curling stress is added to loéding stress, however, the
. resulting reduction in passes is several orders of magnitude. With the MD model, the estimated

number of allowable passes to failure drops into the hundreds of thousands.

The severe curling condition assumed is quite rare, with the pavement being exposed to
such conditions approximately 10% of the time. In typical GA airport applications, King Air
B200 loading is infrequent. Under such circumstances, a 6-in thick PCC slab appears to be
structurally adequate. It is possible, under heavier and more frequent traffic volumes, that the
combined effects of load and temperature curl may coincide and lead to structural fatigue failures

in 6-in PCC slabs.

Edge—curling stresses in PCC pavements can be calculated using a procedure developed
by Westergaard [Westergaard, 1926]. His approach was simplified by Bradbury, appearing in
the equation below [Bradbury, 1938]:

- :_CEPCCZG:TAT.

Where: g, is the edge curling stress (psi).
C is a coefficient determined from Figure 29.
AT is the temperature differential betﬁeen the top and bottom of
the slab (° F).
Epeg is the PCC modulus of elasticity (psi).
¢y is the PCC coefficient of thermal expansion (/° F).

In Figure 25, the ratio B/¢1s critical in determining the coefficient C. B is defined as the
free edge length or width of the slab in inches. Generally, the length of the slab is most critical,
so the B is replaced with an L. The radius of relative stiffness, ¢, is calculated from the following
equation [Westergaard, 1926]:
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0.25
g — ‘EPCC'h3
12(1— 15k

Where: ¢ is the radius of relative stiffness (in).
h is the thickness of the slab (in).
u is the PCC Poisson's ratio.

k is the modulus of subgrade reaction (pci).

Using these two equations, it is observed that curling stresses increase progressively as
slab size increases, until an L/ of approximately 8.5 is reached. Studies have shown that slab

cracking increases as L/ increases [Smith, 1990].
Figure 26 is a plot of estimated number of passes to failure against slab length for two
subgrade support values. If curling is not considered, slab length has little effect on the estimate

passes to failure, with an excess of 100,000,000 passes predicted in all cases. When curling and

load related stresses are combined, a slab effect is evident, especially for the lower subgrade
support-conditions (i:e.k =100 pei).- Under these-conditions; the longer slabs have fewer .
estimated passes to failure. Itis also noted that the drop in estimated passes to failure is higher
for stiffer support values (i.e. k = 500 pci) when curling stresses are added. This observation
suggests that stiffer support beneath a slab has a reduced structural effect when curling stresses

are-considered.

Because of the complexity of conducting finite element runs, the use of pavement
response algorithms is very appealing. Algorithms derived by Salsilli {Salsilli, 1993] and Lee
[Lee, 1993] were compéred to the results obtained from the ILLI-SLAB model. In Figure 27 the
maximum flexural stresses due to loading for each pavement response algorithms as compared to
ILLI-SLAB. The predictions are quite good. There is a tendency to under-predict the stress by a

few psi, but this is inconsequential when considering the overall pavement variability.
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When curling and load stresses are combined and compared (see Figure 28), the
correspondence between the various methods is not as close, but is sﬁll good. The model
incorporated in ILLICON and Lee's model were plotted. Lee, by using advanced statistical
techniques and deriving a new dimensionless parameter, was able to develop a more rigorous
solution [Lee, 1993]. The major drawback of Lee's solution is increased complexity, although
the algorithm is available in spreadsheet format. The ILLI-CON model is simpler, but may lack
accuracy in computing curling stresses under extraordinary conditions. The verification of his
model reduces the reliance on the ILLI-SLARB finite element model in future investigations of the

curling phenomena.

The FAA and ACPA allow for 5-in thick PCC slabs for aircraft having gross maximum
weights of 12,500 Ibs or less. The ACPA, in their detailed design procedure, permit the use of 4-
in thick PCC_for a dual wheeled aircraft weighing 12,500 Ibs [ACPA, 1993]. Lee's closed form
solution and the calibrated mechanistic model were used to examine allowable passes using the

procedures and inputs previously described. The slab sizes were designed as recommended by

ACPA, with 8 ft and 10 ft joint spacing used for the 4-in and 5-in thick pavements, respectively.

Results of this analysis are presented graphically in Figure 29. In considering loading
effects only, the 5-in thick slab is estimated to carry over 1,000,000 passes if the modulus of
subgrade reaction is greater than 100 pci. Under severe curling conditions, the allowable passes
are reduced to just over 100,000. For lightly trafficked GA pavements that service King Air
B200 aircraft, a 5-in thickness appears to be adequate. It is emphasized that this conclusion is
based on the use of 10 ft jpint spacing and does not consider service vehicles. Longer joint
spacing, heavier and more frequent aircraft volume, and/or heavy service vehicles would be

expected to have an impact.

Examination of the 4-in thick slab is not as promising. Although the MD fatigue
algorithm calculates allowable passes in the tens of thousands, it is likely outside the range for
which it was developed. The stress ratio under some loading conditions approaches 92%, a

situation that would lead to rapid pavement failure. A beam model, such as the ZM equation, is

75



more appropriate. The ZM equation predicts under 100 estimated passes of the King Air B200
aircraft to failure (assuming a reliability of 50%) for a modulus of sﬁb‘grade reaction value of 50
pei. It does not seem likely that a 4-in thick paveﬁent can provide adequate structural
performance. This analysis was conducted assuming 8.5 ft joint spacing and service vehicles
were not considered. Longer joint spacing, heavier and/or more frequent aircraft loading, or the
use of any service vehicles approaching highway loading conditions would likely lead to early

structural failure of a 4-in thick PCC pavement.

In summary, analysis of the structural capacity of 6-in thick PCC pavements indicates
that under loading typically encountered on GA pavements, a long structural life can be
anticipated. It also appears that a 5-in thick pavement, with 10 ft joint spacing, should support
the design aircrafi, although concerns related to service vehicles use must be addressed.
Structural res:ponse considerations indicate that 4-in thick PCC pavement do not possess
adequate thickness to address GA airport loading conditions. The use of pavement response
algorithms, particularly that developed by Lee [Lee, 1993], offer excellent flexibility with little

sacrifice to accuracy.
1V.3. Material/Construction Related Factors

In most instances, structural factors are not the primary contributors to GA pavement
failure. More importantly are material/construction factors. In AC pavements,
weathering/raveling, paving lane cracking, longitudinal and transverse cracking, block cracking,
and stripping are influenced by material/construction factors. Structural defects, such as rutting,
corrugations, and alligator cracking, can also be strongly linked to material properties and
construction practices. Similar concerns exist for PCC pavements. Durability problems, such as
D-cracking, are linked directly to material selection. Poor construction practices can contribute
to the development of slab cracking, crazing, and scaling through inadequate PCC thickness, low
PCC strength, poorly timed or inadequate depth for joint sawing, or inadequate air void

distribution. For these reasons, a thorough consideration of material/construction factors must be

made.
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IV.3.1. Material/Construction Considerations in AC Pavements

From the pervious analysis, it appears that typical Illinois GA AC pavements have
adequate structural capacity. The two factors that most significantly influence the long-term
performance of GA pavements are the quality of the initial construction and the influence of
climatic factors on material performance. Through addressing these two factors, longer lasting,

better performing GA pavements can be built.

Material and construction specifications should be written to ensure that the constructed
product is of high and lasting quality. Material specifications in particular have been continually
revised, incorporating the results of recent experiences to hﬁprove long-term performance. This
is evident in recent revisions to the FAA and IDOT-DOA hot-mix specifications, which feature

numerous changes reflecting industry's current state-of-the-practice.

Section IT of this report provides a comprehensive summary of these specifications. Of

particular interest to this discussion are three observed construction factors that lead directly to

the formation/propagation of AC pavement distress: depressions, roller checking, and the

construction of the longitudinal paving lane joint.

Depressions are localized areas where the pavement surface that is lower in elevation than
the surrounding surface. PCI data and visual surveys conducted during this study indicate
depressions are observed at many GA airports. In many instances, depressions constructed into
the pavement as a result of poor grade or compaction control in the supporting layers. Although
these defects do not typically worsen with time, they do provide a potential serviceability hazard
in wet weather. The pooling of water on the pavement surface also allows increased infiltration

into the pavement structure, potentially increasing moisture related damage.

AC surface checking under roller compaction is another commonly encountered
construction problem. Checking is a series of fine, transverse cracks that do not penetrate the full

depth of the mat. The cracks are spaced 1 to 3 in apart, having lengths of 1 to 4 in. Checking is
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caused either by excessive deflection of the pavement structure or a-deficiency in the AC xmx
design that leads to tenderness under the rollers [Corps of Engineeré, 1991]. The Corps of
Engineers Handbook further states that the second cause is most prevalent. AC mixes with too
much liquid (i.e. binder or moisture), a non-uniform sand gradation, or low voids in the mineral

aggregate (VMA) are most susceptible to checking.

Evidently, IDOT-DOA is addressing asphalt cement binder aging by using low
VMA/low air content AC mixtures. In this study, five separate mix designs prepared for projects
at Pontiac, Morris, and Mt. Sterling were examined for mix properties. All the mixtures had
VMA values below the level specified in IDOT-DOA's Standard Specifications for Construction
of Airports [IDOT-DOA, 1985]. Air contents were set at 2%. The voids filled with asphalt
(VFA) ranged from 82% to 85.5%. If these mix designs are typical, it helps to explain why
checking is ahwidespread problem.

The current IDOT-DOA P-401 specification requires the use of pneumatic-tired rollers on

the top lift of the surface course to address checking problems [IDOT-DOA, 1994B]. The
specification also features a modified job mix formula, specifying a range for VFA versus
VMA. Although this removes the requirement for different minimum VMA values based on the
maximum aggregate size, the specified range of percent voids filled with asphalt (VFA) of 75%
to 90% is relatively large. |

Many pavement engineers believe that checking is only an aesthetic deficiency. Others
believe that it is harmful to the long-term performance of thé pavement, and may lead to
premature aging and fatigue cracking [Abd El Halim, 1993]. Checking looks very similar to
alligator cracking, and in many cases, checking has probably been classified as alligator cracking
during the IDOT-DOA. biennial inspections. Thus, some pavement sections with reported

alligator cracking and a correspondingly low PCI are in reality showing checking distress.

The third construction related distress commonly observed on AC pavements is paving

lane cracking. It is recognized that longitudinal joints have reduced density compared to the
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interior portion of the paving mat [Burati, 1985]. The reduced density is believed to contriEute
to the occurrence of paving lane joint cracking. Research recently conducted by the National
Center for Asphalt Technology examined the effect of different longitudinal joint compaction
techniques on the joint density and performance [Kandhal, 1994]. Although the results are still
preliminary, they suggest that construction technique has a profound impact on joint density and

the resulting performance.

Paving lane cracking typically occurs within a few years of construction. Climatic and

material factors that lead to age hardening of the AC also contribute to the formation and

propagation of paving lane joint cracking. Paving lane cracking will probably form along with L

& D cracking regardless of the joint density, but inadequate joint compaction is strongly
implicated in the early formation of this distress. Poorly compacted joints act as a plane of
weakness within the AC mat, and cracking results soon after construction. Through improved

joint densiﬁes, the occurrence of paving lane cracking can be delayed.

In the most recent releases of the IDOT-DOA P-201 and P-401 specifications,
longitudinal joint compaction is addressed in the following paragraph [IDOT-DOA, 1994A and
1994B]:

All longitudinal joints constructed are to be compacted in such a manner that they are
"pinched" to provide adequate density at the joint. The method of "pinching" shall be as
defined in the most recent issue of the N.A.P.A. (sic) Superintendent's Manual on
Compaction of Asphalt Pavements.

The lack of commitment to a specific longitudinal construction technique reflects the current
industry emphasis on new techniques that are emerging to improving joint compaction [Kandhal,

1994]. As research and development findings emerge, IDOT-DOA should consider being more

- specific in the manner in which joint densification is specified.
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IDOT-DOA and the FAA specifications also require that joints in successive lifts be
offset a minimum of 1 ft. This prevents the rapid propagation of a surficial paving lane joint to

the bottom of the mat, avoiding large crack openings and the associated infiltration of water.

Once the AC pavement is constructed, climatic and material factors interact to age the
asphalt cement binder. This aging leads to progressively stiffer AC over time. Age hardening
phenomena results in numerous distresses including weathering/raveling, block cracking,
Jongitudinal and transverse cracking, and paving lane joint cracking. A companion document
provided with this report, Aging Phenomenon in Asphalt Concrete Pavements - A Literature
Review, provides the results of a extensive literature review of recently conducted research on
this topic. The literature suggests that asphalt cement binders undergo both short-term and long-

term aging, with potentially different mechanisms contributing to each.

Short-term asphalt binder aging occurs during the construction process. High mixing and

lay down temperatures lead to the loss of volatile components and oxidation. In-service

pavements suffer progressive long-term age hardening of the binder primarily as a result of
continued oxidation, although other factors, such as the thixotropic formation of internal

structure, can contribute.

Efforts to duplicate short-term aging in the laboratory have been reasonably successful, as
the main aging factors are heat and air. The rolling thin film oven test (RTFOT) has been used
for many years to evaluate short-term binder aging characteristics, and its continued use is
recommended by SHRP. SHRP Superpave also has specifications for short-term AC mixture
aging. In this test, loose AC mixture is placed in a forced draft oven for four hours at 275° F,
prior to compaction [Cominsky, 1994].

Less success has been achieved in developing laboratory tests to predict long-term asphalt
cement aging characteristics. As long-term aging is primarily responsible for the distress
formation and propagation trends previously identified, considerable efforts have been directed

towards developing an effective test method to characterize this behavior. These methods have
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included long-term oven heating, exposure to ultraviolet and infrared light, and the use of a
pressure aging vessel (PAV). The PAV has gained acceptance in the SHRP binder
characterization procedures [Petersen, 1994]. This testing protocol requires that after the binder
passes through the RTFOT, it is heated in a PAV for 20 hours at a temperature between 190° F to
230° F under 305 £ 15 psi pressure. The induced physical and chemical changes are thought to
simulate those that occur "in asphalt binders as a result of long-term, in-service oxidative aging
in the field." [Petersen, 1994]. Petersen further notes that this is a binder test, and that mix

properties will have an impact on actual field performance.

An optional long-term mix aging procedure is provided in the SHRP Superpave mix
design. In this test, compacted specimens prepared from the loose AC mixtures exposed to the
"short-term" aging procedure are placed in a forced draft oven at 185° F. The samples remain in
the oven for ;rarying periods depending on the expected length of pavement service life. Two
days are considered equivalent to 10 years in service. Current University of Illinois research is

evaluating the dpplicability of the SHRP methods to the State of Illinois.

~ IDOT-DOA is addressing asphalt binder aging by increasing the thickness of the asphalt
film covering the coarse aggregate particles while simultaneously reducing the air void content
of the mix. This approach produces mixtures with low air void content and relatively high
asphalt content. Although thicker asphalt cement films reduce the aging effect, the drawback of
this approach is reduced mixture stiffness and the propensity toward checking during
construction. It is suggested that mix design specifications be evaluated, examining gradation
changes that may allow for increased asphalt film thickness without sacrificing stability of the
mixture during construction. The SHRP gyratory compactor can be used to evaluate the

compactability of the mix during the mix design process.

Most AC material/construction considerations are addressed through the use of material
and construction specifications. The most recent specification address some of the most relevant
issues, including stripping, checking, and longitudinal joint densification. Recent SHRP research

has investigated promising techniques for characterizing asphalt cement age hardening behavior,
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and the University of [llinois is currently validating these procedures. Designing AC mixes with
thicker asphalt cement films is one technique currently used to address asphalt age hardening. It
is recommended that the current IDOT-DOA. material selection and mix design practices be
evaluated (modified as needed) to minimize asphalt cement aging and maintain mix stability

under construction and traffic.

V32 . Material/Construction Considerations in PCC Pavements

PCC pavements material and construction considerations are addressed through 7
application of the appropriate specifications. The FAA and IDOT-DOA P-501 specifications
have both been recently revised, reflecting the current trends in the industry. Structural
performance is closely tied to the PCC thickness and concrete strength. Significant deviation of
either parame_zter significantly impacts pavement life. Aggregate selection is exiremely important
to limit D-cracking. Air void content is another parameter that must be closely controiled,

otherwise freeze-thaw damage may be incurred. Concrete density is also important, as poor

consolidation can lead to poor strength and durability characteristics.

D-cracking is the most influential PCC material/construction factor encbuntered in this
study. The new specifications stipulate that only non-D-cracking susceptible aggregate sources,
as certified by IDOT, can be used in the construction of GA pavements. An alternative is to test
an unapproved source using ASTM C 666. Through improved aggregate selection, D-cracking
should be greatly reduced. Note that the use of shorter slabs will increase the number of joint

and will exacerbate the D-cracking problem if susceptible aggregate are used.

Aggregate selection can also have a large impact on curling stresses. One important
parameter in the calculation of curling stresses is the PCC coefficient of thermal exp.ansion, o,
which is typically assumed to be equal to 5.5 x 10/°F. This coefficient can vary greatly and is
highly dependent on the aggregate type, with the coarse aggregate having the greatest influence
[Mindess, 1981]. A concrete made with siliceous sand and quartz gravel would have a
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coefficient of thermal expansion of approximately 6 x 10°%/°F; a typical concrete made wholly of

limestone would have a coefficient of thermal expanston of approxiinately 3.5 x 10°5/°F.

Figure 30 shows the effect of different coefficient of thermal expansions on PCC slab
curling stresses. A significant differences is observed in PCC made with limestone aggregate as
compared to quartz gravel. Joint spacing and subgrade support also contribute. The most
dramatic increase in curling stresses is observed when the modulus of subgrade support is
increased from 50 to 100 pci. This analysis suggests that the PCC coefficient of thermal
expansion, which is largely dependent on the coarse aggregate selected, has a large impact on the
induced curling stresses. This factor should be considered in selecting joint spacing for GA
airports.

IV.3.3. Project Approach to Material/Construction Factors

Classification of Pavement Type

The airport pavements in this study are classified as thin asphait concrete (TNAC), thick
asphalt concrete (TKAC), or PCC. TNAC pavements have a hot-mix AC surface between 2 and
5 in, supported by one or more granular layers of varying thicknesses. TKAC pavements have
AC thickness greater than 5-in, supported by a granular lajrer or placed directly on the prepared
subgrade. Subgrade lime treatment or stabilization is commonly used with TNAC and TKAC
pavements to provide additional support and/or expedite construction. Under these
classifications, most conventional pavements are considered TNAC and most FULL-DEPTH
pavements are classified as TKAC. Illinois GA PCC airport pavements have a 6 to 8-in thick
PCC surface (typically 6-in is used). A thin granular subbase is sometimes used. The three

pavement types are illustrated in Figure 31.

PCC pavements were also separated on the basis of their L/ ratio. Actual slab length and
thickness values were used in the calculation, but values for modulus of subgrade reaction (k =

100 pei.), PCC elastic modulus ( Epce = 4 million psi), and Poisson's ratio (u = 0.15) were
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assumed as indicated. This additional separation provided valuable insight into the performance

characteristics of the various PCC sections
" Summary

Material and construction factors are considered through specifications. The most recent
releases of the IDOT-DOA specifications address many important issues relating to distress
formation, including AC stripping, D-cracking, AC checkihg, and AC paving lane cracking. In
the P-201 and P-401 specifications, an evaluation of the job mix formula should be conducted to
examine gradation and mix design parameters to minimize the effects of asphalt cement aging.
Tender AC mixes are probably due to low air voids and low VMA. Pontiac is a case in point,
where low mix stiffness was measured in the laboratory along with the observation of
unacceptable_creep behavior in some of the samples. Research is currently being conducted at
the University of Iilinois into the SHRP asphalt binder test procedures and specifications and
Gyratory Compactor AC mixture design methods. These studies may provide improved AC

mixture design and achieve better AC pavement performance. Studies should be conducted to
better characterize IDOT-DOA AC mixtuze stiffness and fatigue properties.
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V. DESCRIPTION OF DATA BASE

IDOT-DOA has collected PCI data on its GA airport network since 1980. This biennial
inspection data represents a wealth of information on Illinois GA pavement perforiance and

distress formation and propagation trends.

The importance of this data goes well beyond the planning and programming function
that it currently serves. In conjunction with pavement inventory data, careful PCI data evaluation
can discern performance trends for the various pavement types. Factors (loading, climatic, and
materials/construction) contributing directly to distress formation and propagation can also be
considered. To facilitate data manipulation, a relational data base called Microsoft Access® was

selected.

Access® provides complete flexibility in extracting data. It allows custom designed

queries to be performed with ease and almost any criteria can be used to extract selected pieces

of information. For example, a query can be formulated to display all PCC pavement sections
- constructed in the Northemn Climatic Zone from 1970 to 1979 that have current PCI values

greater than 70. Data can also be imported directly into a Microsoft Excel® spreadsheet and/or

the Systat® statistical analysis package for further analysis.
V.l. The ACCESS® Data Base

Relevant pavement inventory and inspection information were entered into Access®. The

data base was divided into nine nested tables as illustrated schematically in Figure 32.

The first table, called APSITE, contains site specific airport information. There are four
data columns included in this table. They are the airport name, the airport identification number
(AID), the climatic code (indicating whether the airport is located in the Northern, Central, or

Southern Climatic Zone), and a comment field. There is one primary key: the ATD number.
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Forty two airports are listed in this table (13 in the Northern Climatic Zone, 14 in the Central

Climatic Zone, and 15 in the Southern Climatic Zone).

There are four tables in the level below APSITE: APLOAD, APSEC, APINV, and
APCLIM. APLOAD contains 21 data columns. Stored information includes the airport name,
AID number, the types and numbers of based aircraft, annual operations, and the number and
length of each runway. Information provided by airport manager concerning aircraft and service
vehicle loading is also included. A number of subjectively derived codes created to assist in the
quantifying load related effects are also listed. The primary key is the AID number. A related

table, SecLOAD, contains the Load Code for each pavement section.

APCLIM contains site specific climatic data in 17 data columns. The airport name, AID
number, climatic zone, airport longitude, latitude, and elevation are tabulated. The SHRP
average low and high air and pavement temperatures for each site and the recommended SHRP

asphalt cement performance grade for 50% and 98% reliability are also provided. The primary

key is the airport AID number.

The APSEC and APINVT tables are closely linkéd. APSECV contains five data columns
related to specific pavement sections, including section number, feature (i.e. runway, taxiway, or
apron), and the type of construction (i.e. TNAC, TKAC, or PCC). A total of 195 pavement
sections are included in this table. This table has two primary keys: the AID number and section

number.

Table 21 shows the distribution of pavement sections according to Climatic Zone,
pavement type, and feature (i.e. RW, TW, or AP) contained in APSEC. Table 22 lists all the
airport sections examined in this study, including the airport name, AID number, climatic zone,
section number, type of feature, and pavement code. Pavement section inventory and PCI

inspection information are presented in Appendix F of this report.
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The APINVT table includes 17 data columns containing construction information for
each section. This table includes the construction date, section area,- number and size of slabs for
PCC sections, and the various layer thicknesses and materials the FAA/IDOT-DOA material
codes. The primary keys are the AID number and the section number.

The third level in the data base contains the APINSP table. This table has nine data
columns containing data specifically related to the inspection of each section including
inspection dates, section PCI values for each date, and the percent deducts as calculated by the
IDOT-DOA PCI program. The primary keys in this table are the ATD and section number. There
are 893 entries in this table.

APSAMP lies below APINSP. It includes six data columns containing data relevant to
sample units inspected within each section. The data includes sample unit numbers, sample unit
area, and sample unit PCI. The primary keys are AID number, section number, inspection date,

and sample unit number. There are 3,906 entries in this table.

The bottom table in the data base is APDIST. This table has seven data columns
containing specific distress data, including the type, severity, and quantity recorded in each
sample unit. The primary keys for this table are the AID number, section number, inspection

date, and sample unit number. APDIST currently contains 8,275 rows of data.
V.2. Distribution of Pavement Sections

In addition to the 195 sections included in the data base, another 134 sections were
included in a rehabilitated sections study to be discussed later. In total, the 329 individual
pavement sections represent a large portion of the total GA airport network within the State. The
examination and evaluation of pavement performance and distress trends is facilitated by
considering when the pavement sections were constructed. In this way, a better understanding of

the evolution of IDOT-DOA pavement design can be obtained.
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Figures 33 through 38 show the observed construction trends for the TNAC, TKAC, and
PCC sections. Figure 33 shows TNAC trends. The earliest sections were constructed prior to
1946 and all nine have been overlaid. Few TNAC pavements were constructed during from the
mid-1940's to the mid-1950's, reflecting the dominance of surface treatments during this time.
From the mid-1950's through the 1960's, many TNAC sections were built. It is not until the mid-
1960's to mid 1970's that non-overlaid TNAC sections appear in the data base. The two oldest
TNAC sections in the data base were built in 1967; one at Peoria Mt. Hawley (TW B/8) and the
other at Jacksonville (AP EE/3). There was a steady decline in the number of TNAC pavements -

_ built after peaking in the early to mid-1960's, reflecting the trend to use thicker AC sections.

Figure 34 shows the year of construction for overlaid and nonoverlaid TKAC sections.
The first TKAC pavements were constructed between 1966 and 1975. The oldest sections were
built in 1968 at Dixon Springs and at Freeport (TW A/04). Over half of these pavements
remained in service through 1993. Between 1976 and 1985, 43 TKAC sections were
constructed that appear in the data base or have since been overlaid. Since 1986, TKAC

continues to be the most popular pavement type.

Figure 35 presents the consﬁuctidn dates foi PCC séctions. PCC has along history in
Illinois GA airport construction, although it has never been the dominant pavement type. Eight
sections in this study were constructed from the mid-1940's to the mid-1950's and three are still
in service. All PCC sections constructed since 1966 are still in service. Figure 36 shows a
further breakdown of non-overlaid PCC sections according to slab length. Joint spacing

decreases over time and the most recent designs feature 12.5 ft to 15 fi joint spacing.

Figure 37 shows the construction date distribution for all 329 sections. Fewer TNAC
sections are being built, although the total number built since 198l6 is greater than the number of
PCC sections constructed. There appears to have been a gradual increase in the number of PCC
sections being built. TKAC is by far the dominant pavement type. These trends are also evident
in Figure 38, which shows only the distribution of non-overlaid sections. The inclusion of such a

widespread distribution of pavement types and construction dates provides an excellent
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opportunity for a broad based examination of GA pavement performance and deterioration

trends.
VI. PAVEMENT PERFORMANCE AND LONGEVITY TRENDS

"Pavement performance" can be measured in many different ways. Some transportation
agencies use such characteristics as roughness and skid resistance to define pavement
performance. In this study, pavement performance 1s defined using the PCI values calculated
from observed pavement distress data. Distress data provide a measure of condition at the time
of inspection. To define pavement performance, distress data collected over numerous
inspection periods are combined and changes in condition as the pavement sustains traffic and

ages are examined.

In contrast to pavement management, which uses performance data to estimate future

maintenance and rehabilitation needs, this study focuses on identifying performance trends with

the goal of improving material selection, pavement design and construction practices. Although

. _the difference is subtle, it is of major importance in the manner in which the data are treated,

For example, in pavement management applications, condition data from existing
pavement sections are monitored and combined to make proj ections of firture maintenance and
rehabilitation needs. Combining various pavement sections into "families" is a method used to
provide data for the prediction process. As more data are collected, pavement families are
further divided into smaller sub-families. Ideally, enough data are collected to monitor the
performance of very unique sub-families, possibly containing data from only a few individual
sectioﬁs located within the same geographical region. This type of monitoring is useful for

planning and programming purposes.

The continued refinement of the network into smaller and smaller groups of pavements is
not particularly beneficial for future design applications. Each refined/improved pavement

performance curve becomes more exclusively oriented to a unique pavement section subjected to
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specific climatic, loading, and materials/construction factors. This does not necessarily improve
the design of a new pavement section which will be subjected to different climatic, loading, and
materials/construction factors. The refinement and exclusivity that makes pavement
management models useful planning tools limits their applicability in the study of materials,
pavement design, and construction féuctors. To be of practical significance, a study of materials,
design, and consh'uctibn factors must strive to be more inclusive through the examination of'a

wide spectra of data.

In this study, pavement sections were grouped into gross classifications based on
pavement type (i.e. TNAC, TKAC, or PCC). An additional separation according to climatic
zone was necessary to address the previougly described Illinois climatic variability. Some
modifications to these initial groupings were made to address specific issues as the data analysis

progressed.

Two different stages were included in the examination of pavement performance and

longevity trends. One featured the analysis of the data base which contained only pavement

__sections that had not been rehabilitated at the time this project was started. The second examined

the age at first overlay (or rehabilitation) for many rehabilitated sections contained in the Ilinois
GA network. In combination, these two analyses provide a comprehensive and improved

perspective of Illinois GA pavement performance trends.
VL1. Pavement Performance Trends of Non-Rehabilitated Pavement Sections

Estimation of pavement performance (as measured by the PCI change over time) is of
great importance to IDOT-DOA. Bond issues are commonly used to fund GA pavement
construction and it is desirable to have maturation dates consistent with actual pavement life.
Maintenance and rehabilitation costs are closely linked to pavement performance. Anticipated
life information is helpful in accounting for the timing and magnitude of future maintenance and

rehabilitation costs. From a design perspective, a thorough understanding of pavement

90



performance trends assists in identifying material selection and construction practices that extend

initial pavement life and reduce future maintenance and rehabilitation needs.
PCI data were analyzed using an iterative process. Analysis procedures/techniques were

modified to extract the most meaningful relationships from the data. The following discussion

describes the major steps taken in establishing the pavement performance and longevity trends.

VI1.1. Initial Analysis of PCI Versus Age Performance Trends

Figures 39, 40, and 41 are plots of sample unit PCI values versus age for TNAC, TKAC, |
and PCC pavements, respectively. The data are widely scattered. Linear regression estimates of
the performance trends (PCI-Age relationships) are shown. The y-axis intercept was fixed at 100
(i.e. PCI equ;ﬂs 100 when age equals 0) to accommodate the assumption that no distress is
present in newly constructed pavements. The correlations are not impressive (low R?), reflecting.

a high degree of variability. The linear regression equations, corresponding correlation

coefficients, and standard error of estimates for this initial analysis are present in Table 23. The

___equation coefficient defines the deterioration rate, representing the PCI loss/year. Non-linear

regression models were also fitted to the data, but the correlations were not improved.

A variety of tools are commonly used to develop performance curves for pavement
management applications. Typically, "expert knowledge" is used to assign a terminal PCI value
at a given date. Thus, the initial PCI is fixed at 100 and the terminal ordinate is also set at an |
estimated age and PCI value. Another common practice is to fit pre-determined, higher-order
models to the data to produce a pre-conceived performance curve shape. Correlations to the raw
data are in many instances not improved, and may be worse than simple linear model
correlations. These techniques have been used with succéss in pavement management
applications, but their use is not considered appropriate for this study. Artificially imposing
restraints on the observed data may obscure some of the trends that are important from material

selection, pavement design, and construction perspéctives.
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Pavement performance trends for section PCI data were plotted and linear regression
models established as shown in Figures 42, 43, and 44. The PCI was set at 100 at age 0 (zero).
The linear models, correlation coefficients, and standard errors of estimate are presented in Table
23. The section data analysis reduced the "noise" observed in the sample unit data, but the
correlations are not significantly improved. Although climatic effects (between Northern,
Central, Southern Climatic Zones) are discernible, the high degree of variability makes it
difficult to discern differences in the performance trends between TNAC and TKAC. TKAC
sections appear to show lower deterioration rates (as represented by the slope of the linear
regression équation) than TNAC sections. PCC sections constructed in the Central Climatic
Zone have the lowest deterioration rate of all pavement type. Note that these PCC sections have

a correlation coefficient (R®) of 0.000 and a standard error of estimate in excess of 14 PCI points.

The overall poor correlation highlights one of the major limitations in this type of
approach. When inspection data collected for specific sections are combined and plotted as a

series of points, the performance trend for any given section is lost. For example, in the TKAC

sections shown in Figure 43, there is one section inspection point in the southern climatic zone

_with a PCI value below 40 at 12 years of age while other sections in the same climatic zonebave =

PCI values above 90 in years 11 and 13. Nothing about the past or future condition of the
section is known; or whether the point is an anomaly or consistent with the overall section
performance trend. All that is known is that inspection points observed 0§er adjacent ages are
very different. The linear model simply minimizes error between the points, contributing to poor
correlation and poor model predictive capability. To improve upon this, the unique performance

characteristics of individual sections should be incorporated.

A second problem is of greater concern. As a pavement section ages, its deterioration
rate is influenced by its unique loading, climatic, and materials/construction factors. Local
airport maintenance practices also impact the PCI deterioration rate. For example, in the PCI
procedure a medium severity crack in an AC pavement would be re-classified as a low severity
crack once it is filled, raising the PCI of the section. IDOT-DOA. uses a PCI of 70 threshold

value for programming pavement rehabilitation. Pavement section deterioration rates greater
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than 3 PCI points per year would require programmed rehabilitation within 10 years. After
rehabilitation, poorly performing pavement sections are removed from the data base while

pavement sections that are either performing well and/or are being maintained would remain.

As time progresses, the sections remaining in the data base have deterioration rates that
are less than the norm. Pavement sections with service lives of 20 years or more represent only a
small pumber of the initial sections included in the data base. Yet, the “long-lived” sections
strongly impact derived pavement longevity models by "pulling" the linear regression models
upward. The models thus predict longer pavement lives than actually occur on average. The
PCC sections shown in Figure 44 are an obvious example. A series of data points (age 34 years
and greater) for three Quincy pavement sections unduly influence the Central Climatic Zone
PCC regressmn model. The model predicts average PCC PCI values of 70 after 84.5 years of
service. The removal of the Quincy data more than doubles the deterioration rate to 0.9 PCI
points per year, reducing expected life to 33 years. The sensitivity of the model to a set of "long-

lived" data points and the poor correlations severely reduce the usefulness of the prediction.

In t]us 1initial ana1y51s, 1t was noted that PCC section vanablhty was great ThlS was

partlcularly true in the first 10 years of service. Some PCC sections show no distress qule others
had PCI values below 40. To determine if slab length was a factor, PCI section values for

different slab sizes were plotted for each climatic zone. The analysis showed that slab length had
a major impact. This observation is shown in Figure 45 where the average of all sample unit PCI

values for PCC sections having slab lengths of 12.5 ft or less, 15 ft, 20 ft, and 25 ft are compared.

- Itis clear that joint spacing is a significant factor. The best performance is observed in
12.5 ft slabs. Pavements constructed with 25 ft joint spacing had the worst performance. In
Figure 45, an inconsistency is observed, as the next best performing slab length is 20 ft, ﬁot 15 ft
as would be expected. This occurrence is highly influenced by the 40+ year old pavement
sections at Quincy, which have performed extremely well even though the joint spacing is 20 ft
joint. Although the predominate PCC thickness in the data base is 6-in, the Quincy PCC sections
are 8.5 in thick. Other PCC thicknesses in the data base range up to 9.5 in. To compare slabs of
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various thickness and lengths, the L/¢1atio described in Section IV.3.2 was calculated for each
PCC section. This “normalization” of PCC thickness and slab length was successfully used in a11

future analyses to develop PCC performance and longevity trends.

Initially all PCI data collected since the inception of the inspection program in 1980 were
considered. The preliminary analyses discussed above indicated that inconsistencies in the 1980
and 1981 data existed. Discussions with IDOT-DOA revealed that these data were collected by
summer interns, and its accuracy was suspect. The practice of using summer interns to collect
pavement condition data was ended by IDOT-DOA prior to the 1982 inspection season. Asa
result, the 1980 and 1981 inspection data are not included in the detailed analyses described
below.

V112, - Development of Performance Trends Based on Deterioration Rate

In the initial analysis, severe limitations were observed in using PCI-Age plots to identify

and compare pavement performance trends. An alternative approach was devised to address the

- . ._limitations. This approach is based on the most important concept used in the study of pavement

longevity: the deterioration rate (DR). Deterioration rate is deﬁned as the PCI loss per year, or
the slope of the linear PCI-Age model. An improved understanding of pavement performance

can be obtained by using the DR concept.

DR calculation is straight forward. PCI data are analyzed on a section by section basis by
determining the PCI loss between subsequent inspections, and dividing the loss by the number
of years between the two PCI surveys. In this study, it was assumed that the first inspection for a

new pavement was the date of construction and the initial PCI was set at 100.

As long as the section performance curve is monotonic, having a DR equal to or less than
zero, the calculations proceed without difficulty. A problem is encountered when there is a PCI
"improvement" between subsequent inspections. This difficulty is illustrated by the Effingham

data shown in Figure 46. Three of the seven sections demonstrate "expected behavior" with each
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_ inspection showing either no change or 2 PCI reduction. The remaining four sections show that
on at least one occasion, a subsequent inspection resulted in é PCI increase. For example, the
performance of sections RW 01/091 and RW 01/092 show an expected decreasing trend until age
11. In the next inspection, conducted at age 13, the PCI has increased from below 60 to above

70. Sections RW 11/11 and TW C/11 show similar trends. |

There are two possible explanations for these observations. The first is that maintenance
activities (such as crack sealing, patching, or seal coating) improved the pavement condition.
For example, if cracks were sealed on Effingham's RW 09/27 between the surveys conducted in

years 11 and 13, this may explain the improvement noted.

The other explanation is the variability in inspection and/or PCI calculation procedures.
Many factor; influence the accuracy of the inspection prbcedure. The time of year, the angle of
sunlight, and the dampness of the pavement surface at the time of inspection are a few. The
methods employed by IDOT-DOA personnel in conducting a survey could also contribute to

differing results. For example, if checking was observed and labeled as alligator cracking in one

. mspecuon but n the next was recogmzed as checkmg, a shlft in PCI may be incurred. By not

inspecting the same sample umts in each inspection cycle IDOT-DOA mtrodilbes anbthér source'- R

of variability. A third source of variability is the IDOT-DOA practice to estimate (rather than

measure) distress quantities.

To address the inconsistency in the PCI data, an iterative method was used.
Deterioration Rates for each section were calculated. Positive DRs (indicating an improvement
in pavement condition) were individually examined to determine if a singular data point is due to
an obvious error. Obvious errors were deleted. The analysis continued by eliminating the
segment of the deterioration trend having a positive DR. If the next segment also had a positive
DR, the data point was removed and the DRs for the remaining segments re~calculated. Thus,
the deterioration trend for a single section was represented by a series of line segments having

only negative DRs. In the vast majority of cases, only a single segment was eliminated.
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This approach is justified on the basis that improvement resulting from maintenance
activities should not be allowed to bias the stndy of pavement longefrity trends. It is assumed
that the pavement will continue to deteriorate after the maintenance activity, thus later
inspections will again establish the DR that was temporarily interrupted by the maintenance
activity. Error introduced due to inspection variability are beyond the control of this study. In
either case, this method provides a standardized approach to address non-monotonic performance

curve behavior.

One strength of this approach is that although some inspection data were lost, no sections
were dropped from the study. The results thus reflect performance of all the sections initially
included in the study, not just sections that gravitate toward “normal” behavior. This approach
also deals effectively with the influence of maintenance and inherent inspection error. The most
important feature of this approach is that the pavement trends are not unduly influenced by long-
lived pavement sections that make up only a small percentage of the data base.

Data for each section were plotied using line segmenis 10 represent the deterioration rates:

performance for various sections is read11y observed and a performance trend is noted.

A preliminary statistical analysis indicated a performarce period of five years was
appropriate. Annual DR estimates were made by interpolating between inspection points for
each section. Five year DR averages were then calculated for each pavement type and climatic
region. The trendline was established through significance testing (& = 0.05) conducted to
compare the average DRs for adjacent performance periods. For example, the average DR for 1-
5 years was compared to that for 6-10 years. If these were found to be significantly different, the
6-10 year average was compared to the 11-15 average. In cases where significant differences
were not observed, the data from adjacent performance periods were combined and then

compared to the next performance periods.
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AC Pavement Performance Trends

AC surfaced pavement deterioration trends (based on DR) are shown in Table 24.
Figures 48 and 49 present the pavement performance trends for TNAC and TKAC, respectively.
Figure 50 shows the calculated trend-line for the section data in Figure 47.

Significance testing was conducted (o = 0.05) for each pavement type to assess the
overall effects of climate on DR. For TNAC sections, significant DR differences were observed
between the Central Climatic Zone and the Southern and Northern Climatic Zones. There is not
a significant difference between the Northern and Southém Zones. In TKAC sections, the
Central and Southern Climatic Zones were found to have significant DR difference. There was
not a significant difference between the DR for the Northern Climatic Zone as compared to either
the Central o; Southern Climatic Zones.

DR comparisons were also made between TNAC and TKAC sections constructed in the

same climatic zone. The only overall significant DK difference (o = 0.05) was in the Central

gimatic Zone, where TKAC had lower overall DRs than TNAC. When DR differences were

7 anal)}zed within specific age ranges, TKAC had lower DRs than TNAC in the 1-1(_}_years age S

range in the Central Climatic Zone, the 11-20 year age range in the Northern Climatic Zone, and
the 6-15 year age range in the Southern Climatic Zone. TNAC had lower DRs than TKAC in
the 6-10 year age range in the Northern Climatic Zone.

In 1985, IDOT-DOA established their GA airport material and construction specifications
[IDOT-DOA, 1985]. The impact of these specifications was considered for AC pavements.
Deterioration trends for TNAC and TKAC pavements were established for pavement sections
constructed before and after 1985. No significant DR differences in performance were found.
The time frame is short (only nine years of data for sections constructed under the IDOT-DOA
specifications) and it was not until the late 1980's that significant AC mix design modifications
were implemented. It is concluded that more time is required before the impact of IDOT-DOA

AC mix design modifications can be adequately assessed.
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PCC Pavement Performance Trends

The same analysis procedures were employed in establishing PCC pavement deterioration.
trends. The PCC pavement sections were subdivided according to the estimated L/¢ as described
in Section IV.3.2 of this report. Slab sizes were classified as Small, Medium, or Large according
to the two divisioﬁs of /¢ shown in Table 25. Division 1 was initially selected based on
previously developed criteria. Division 2 was subsequently added to represent a breakdown
consistent with joint spacing of 12.5 f, 15 ft, and 20 fi (given 6-in thick PCC slab, Epe =
4,000,000 psi, k = 100 pci, and p = 0.15). Figure 51 shows the relationships between slab size,
k-value, and L/¢ given an Epec of 4,000,000 psi and a thickness of 6 in.

Deterioration rates were calculated for Division 1 and Division 2 slab sizes for each
climatic zone. Deterioration trends were established for each slab size within a climatic zone
using significance testing to compare DRs over successive age ranges. If the DR in one range

could not be statistically differentiated from that in the adjacent age range, the two were

. _shown.inFigures52,53,and 54 (for Division 1 slab sizes in the Northern, Central, and Southern _

combined. This process was continued until the final deterioration trends were established as

Climatic Zones, respectively). Table 26 summarizes this analysis.

Slab size significantly affects the deterioration trends. Small slabs always perform better
than medium slabs and medium slabs perform better than large slabs. For large slabs, there were
significant differences in performance in the Northern and Southern Climatic Zones, both of
which performed better that large slabs in the Central Climatic Zone. For medium slabs, those in
the Central Climatic Zone had significantly better performance than Southern Climatic Zone,
which in turn performed better than those in the Northern Climatic Zone. There was no
demonstrable difference in the performance of small slabs in the Northern and Southern Climatic
Zones, although small slabs in the Central Climatic Zone out-performed those to the north and
south.

Large PCC slab DRs were significantly higher than those recorded for TNAC and TKAC,
regardless of the climatic zone. In contrast, small PCC slabs had lower DRs than the TNAC and
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TKAC in the same climatic zone. In the Central and Southern Climatic Zones, the medium PCC
slab size pavements had significantly lower DRs than TNAC or TKAC. In the northern climatic
zone no significant difference was observed in comparing medium PCC slab sizes to either

TNAC or TKAC.

Division 2 slab sizes were established to approximate 12.5 ft, 15 fi, and 20 ft slab lengths
(6-in PCC slab, Epcc = 4,000,000 psi, k = 100 pei, and p = 0.15). The data set is not as
complete, as there are no "small" slabs found in the Central Climatic Zone and only 10 years of
data exists for large slabs in the Northern Climatic Zone and medium slabs in the Southern
Climatic Zone. Data shown in Figures 55, 56, and 57, and tabulated in Table 27, mdicate a slab

size effect on DR. In all cases, smaller slabs have the lowest DRs within a climatic zone.

. However, the differences between small and medium are not as great as before, and when the

data sets are compared there is no 51gmﬁcant difference in DR between the two. In comparing
the DRs for Division 1 and Division 2 small slabs, no difference could be shown. Although the
established deterioration trends suggests that 12.5 ft slabs are performing better than 15 ft slabs,

this analysis can not statistically separate the two. The gaps in the data set make long-term

compansons nnposs1b1e in all but the Central Chmatlc Zone, where only medium and la:rge slabs

are found.

VI1.1.3, Summary

Pavement performance and longevity trends established through re gressing scaiter plots
of PCI versus age data are limited in their usefulness. The limitations include poor correlations,
the inability to address pavement improvement resulting from maintenance activities or errors in

the condition assessment, and the tendency for long-lived pavement sections to unduly influence

~ the performance model regression.

A deterioration rate (DR) approach is used in this study to address the limitations of the
traditional approach. Pavement performance and longevity trends were established for the

various pavement types for the three climatic zones. PCC pavement sections were further
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divided using the L/¢ ratio to account for marked differences in pavément performance incurred
due to slab size effects. Small slab PCC pavements had the best ovérall performance.
Differences in performance between TNAC and TKAC were not easily discerned, but it appears
that TKAC may offer improved long-term performance, with lower DRs after 10 years of
service. The results present an improved estimation of Tllinois GA, airport pavement

deterioration rates and performance trends.
VL. Analysis of Rehabilitated Sections

IDOT-DOA construction data were reviewed to further investigate performance and
longevity trends. The review established when various pavement sections were rehabilitated,
looking specifically at sections with construction types (i.e. TNAC, TKAC, or PCC) within the
scope of this study. It was attempted to include only sections that were rehabilitated due to
distress. Sections overlaid as part of staged construction or as a transition from an adjacent

project were not included. The distribution of the 134 sections included in this analysis is shown

in Table 28.

Thereisa predominance of TNAC pavements in this study VMény of the flexible
pavements constructed in the late 1950's and early 1960's consisted of granular base layers

surfaced with 2 in of AC. It was not until the early 1970's that the first FULL-DEPTH AC

pavements began to appear.

This analysis provides a good indication of expected life, as GA pavements are only
rehabilitated when conditions require it. The analysis is limited because the cause of
deterioration and that the condition at the time of repair are not known for most of the sections.
Table 29 shows the results of this analysis, including the mean, standard deviation, coefficient of

variation, and number of sections for each pavement type within each climatic region.

ANOVA and t-test analyses were run (= 0.05) to determine which, if any, means were

statistically different than the others. In the Central Climatic Zone, all three means were

100




different, with PCC sections having the highest age and TNAC sections the lowest age at the
time of rehabilitation. In the Northern Climatic Zone, the mean age‘for the PCC was higher than
for the TKAC, but could not be statistically differentiated from TNAC, nor could the TNAC and
TKAC be statistically differentiated. In the Southern Climatic Zone, the mean age at
rehabilitation for the PCC pavement was significantly different than the TKAC or TNAC. No
difference in the mean age at rehabilitation could be observed between tﬁe TNAC and TKAC.
The results of this "age at rehabilitation" analysis are consistent with the results obtained in the
DR study. The PCC pavements had the highest age at the time of rehabilitation while differences
between TNAC and TKAC were difficult to show.

Estimates of pavement life made from the pavement performance trends established in
the previous section of this report are shown in Table 30. Terminal PCI was considered to be 70.
Comparisons. between the two analyses indicate that pavements are typically rehabilitated later
than would be predicted. IDOT-DOA normally considers a PCI of 70 as a trigger for

programming pavement rehabilitation. The actual construction would likely occur one to two

years later, thus the terminal PCI would be Iower than 70. AlsS0, Mmany of these pavertent

sections probably should have been overlaid sooner, but prior to biennial inspections, there was

not a standardized method of determmmg the overall condition of the pavement network. Itis
likely that rehabilitations are conducted in a more timely fashion under the current IDOT-DOA

system.
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VII. PAVEMENT DISTRESS FORMATION AND PROPAGATION TRENDS

The pavement performance and longevity trends were established using the section PCI
values collected during the IDOT-DOA biennial inspections. PCI values are calculated from
observed distress data, providing standardized measurements of the distress type, quantity, and
severity observed in each sample unit, The usefulness of the PCI data extends beyond the
development of longevity trends. Specific distress data can be examined to discern the leading

causes of deterioration for Ilinois GA airport pavements.

AC and PCC pavements are discussed separately in this section of the study. The most
common distress types are first identified. Then, the occurrence of each distress type is
evaluated over time (through multiple distress surveys) to examine distress formation and

propagation trends.

VIL1. Deterioration Trends for AC Surfaced Pavements

_ lflgures 5_ 8, 59,and _60 show the percent TNAC sample units affected by each distress

Wtype in the Northern, Central, and Southern Climatic Zones, respectivel}“r: Thedlstnbutlonof T

sample units used in this analysis are provided in Table 31. The distress data are divided
according to distress severity. The percent sample units affected measures whether a distress of a
given severity is recorded in a given sample unit or not. It is readily evident that alligator '
cracking, depressions, longitudinal and transverse (L & T) cracking, oil spillage, and paving lane
cracking are the most prevalent distress types.

In the Northern Climatic Zone, approximately 38% of the TNAC sample units are
affected by low severity paving lane cracking. It is the most commonly recorded distress. Low
severity L & T cracking is the second most commonly observed distress, occurring in

approximately 33% of the sample units surveyed . Medium severity alligétor cracking is the

- third most common distress observed (approximately 20% of the sample units) and there are also

significant amounts of low and high severity alligator cracking.
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In the Central Climatic Zone, the most commonly recorded distress typeisL & T
cracking, with low and medium severities affecting approximately 65% and 40% of the sample
units, respectively. Low and medium severity paving lane cracking are observed in about 35%
of the sample units. This high incidence of L. & T and paving lane cracking dominates the
deterioration trends in this climatic zone. A significant number of sample units are affected by

alligator cracking (approximately 15% low severity and 10% medium severity).

Similar trends exist for the Southern Climatic Zone where approximately 70% of the
sample units are affected by low severity L & T cracking and approximately 58% are affected by
low severity paving lane cracking. Medium severity L & T and paving lane cracking were
observed in approximately 40% of the sample units. Approximately 10% of the sample units

were affected by low severity alligator cracking.

The same distress types also dominate TKAC pavement deterioration as shown in Figures

671, 62, and 63 for the Northern, Ceniral, and Southern Clim‘a‘t'rcib'nES—respe'cﬁvely—MﬂThree—

chma‘uc zones, the most prevalent distress is the low severity L & T cracking, observed in

approxm:lately 55% to 65 % of the sample umts The neﬁ most prevalent dlstress, low seventy
paving lane cracking, affects 40% to 50% of the inspected sample units. Significant quantities of
medium severity L & T and paving lane cracking are also observed. Alligator cracking has
occurred in fewer sample units and in reduced severity than for the TNAC pavements, but is

present in 7% to 12% of the sample units.

Each of the five most prevalent AC distresses (in alphabetical order: alligator cracking,
depressions, L & T cracking, oil spillage, and paving lane cracking) was analyzed to discern
distress formation and propagation trends. The distress data were evaluated in consecutive 5 year

periods, corresponding to the age ranges utilized in establishing the longevity trends.

103




VIL1.1. Alligator Cracking

 Alligator cracking is a fatigue related distress, resulting from repeated load applications.
Thus, by definition, it is restricted to areas subjected to repeated traffic loadings. In Section
IV.2.4 of this report, a mechanistic-empirical design check of typical pavement sections designed
using the FAA and Al design schemes indicated that structural distress should not be widespread
on pavements subjected to GA aircraft loading. The relatively high incidence of alligator

cracking observed in the data base is not consistent with this finding.

Figures 64 (TNAC) and 65 (TKAC) show the percent sample units affected by alligator
cracking in each five year period for the three climatic zones. In the first 5 years of service
TNAC and TKAC sample units show alligator cracking in all climatic regions, although the
percent affec_ted is below 10%. Although the incidence rate is low, it is surprising that any is
recorded in the first 5 years of service, especially in TKAC sections. |

In the age range of 6-10 years, an increasing amoumnt of falligator cracking isteported To————

_the TNAC sectlons 10% to 20% of the sample units had alhgator crackmg and the TKAC

's'ample units showed shghtly more at 15% to 25% In the first 10 years of 11fe roughly one fifth

of the sample units showed fatigue related distress. This finding was disturbing in light of the
relatively light GA traffic conditions.

Field evaluations of GA airports conducted in the course of this study provided some
perspective. During two separate IDOT-DOA inspections, it was observed that alligator cracking
was not properly identified. In one instance, an area of checking located at the edge of a taxiway
was recorded as alligator cracking. Although checking is similar to alligator cracking in
appearance, its presence in a non-trafficked edge area immediaiely rules out structural fatigue as

the cause.

A second instance of improper identification occurred on a runway. IDOT-DOA |

inspectors debated whether the observed cracking pattern was block or alligator cracking,
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deciding that it had become spaced closely enough to be classified as alligator cracking. The
deterioration modes for the two distress types are not directly relateo, and confusion between
block cracking and alligator cracking should be resolved through analysis of the distress location
with respect to traffic patterns. In this instance, it was in the middle section of the runway where
traffic is non-channelized and moving rapidly. In addition, the cracking was widely distributed
across the width of the runway, even near the runway edge. This observation suggests that the

distress was most likely block cracking.

Confusion between block crackiﬁg and alligator cracking was also observed at Dixon.
Sections RW-08/09 and TW-A/09 were constructed in 1983 using FULL-DEPTH construction
(2 in P-401 on 6 in P-201). Transverse joints were sawed and sealed at estimated 100 ft intervals
with the intent of "controlling" thermal cracking. The first inspection following construction
(1984) identi_ﬁed no distress in either section, but by the next inspection (1986), the section PCI
for the RW and TW had decreased to 61 and 60, respectively. In some instances, 20% to 30% of
the sample unit surface was recorded as having low severity alligator cracking. By the 1992

inspection, the section PCI values had dropped to 53 tor the runway and 40 for the taxiway.

- Although L&T eraclung and paving lane cracking were reported the prlmanly dlstress observed

was low and medium severity alligator cracking, with over 50% of the sample Unit area affected

in one instance.

The extremely poor performance of these two sections drew the attention of the project
researchers, and the site was visited in September, 1993. The cracking pattern on the pavement
surface was observed and photographed. It was concluded that the distress was not load related
as it was as prevalent in non-trafficked and in trafficked areas. Although it does not appear to be
typical block cracking, it is evidently a result of climate and/or material/construction factors due
to its widespread distribution over the pavement surface. Additional evidence supporting this
belief is the abnormal widening (to approximately 3 in) of the sawed transverse joints.
Apparently, the AC material is very susceptible to shrinkage as it ages. The classification of the
distress as alligator cracking severely depresses the PCI of the sections and inappropriately

attributes the distress to structural failure instead of climate and material/construction factors.
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The belief that alligator and block cracking have been confounded is further supported by
the observation that little block cracking is recorded in the data base. ‘Only a small percentage of
total sample units have been affected by block cracking as shown in Figures 66 and 67 for TNAC
and TKAC sample units, respectively. In TNAC sample units that range in age from 16 to 25
years, block cracking is observed in appreciable quantities only in the Central Climatic Zone.
The Southern Climatic Zone has no recorded block cracking while the Northern Climatic Zone
has under 10% in the older pavement sections. In contrast, 100% of the TNAC sample units in

the Northern Climatic Zone greater than 15 years of age are affected by alligator cracking.

In the same age range of 16 to 25 years, 35% to 50% of the TKAC sample units in the
Northern Climatic Zone are affected by block cracking. Of the 118 sample units between the
ages of 16 and 20 yrs in the Central Climatic Zone, there is not one instance of block cracking
recorded. In:the Southern Climatic Zone, less than 16% block cracking is noted for pavements
older than 10 years. This apparent lack of block cracking, accompanied By the high recorded
instances of alligator cracking suggests that confounding between the two distress types has

occurred.

Code for each section was correlated to the sample unit distress data. Table 32 shows the
mumber of TNAC, TKAC, and PCC sample units distributed with respect to low, medium, and
high Load Code. Note that very few TNAC and TKAC sample units (less than 3%) lie in high
Load Code sections, with the majority iﬁ low Load Code conditions. The PCC sample umits are

most likely to be in high Load Code applications (approximately 19%).

Load Codes were correlated to instances of alligator cracking for TNAC and TKAC as
shown in Table 33. It would be expected that sample units with medium to high Load Codes
would suffer more structural distress and of higher severity then those sections with low Load
Codes. In low Load Code TKAC sections, 10.54% of the sample units are affected by low
severity, 1.53% by medium severity, and 0.12% by high severity alligator cracking. In contrast,

sample units having medium and high Load Codes have less recorded instances of low severity
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alligator cracking, with 7.99% and 6.82%, respectively. None of the sample units having high
Load Codes suffered medium or high severity ailigator cracking.' In TNAC sample units, there
was no alligator cracking recorded in sample units having high Load Codes. Most of the
alligator cracking recorded in TNAC sample units was observed in sections with a medium Load
Code but low Load Code sample units still had a significant amount of alligator cracking, with
7.87% suffering low severity and 3.55% suffering medium severity alligator cracking. The
results of this analysis suggest that for the TKAC pavements, Load Code and alligator cracking

cannot be related. In TNAC sections, the results were inconclusive.

Figure 68 shows the percent sample unit area affected by alligator cracking for all TNAC
and TKAC sample units. Alligator cracking is typically isolated to a relatively small areas of the
pavement surface, as it occurs only where channelized traffic flow is common. In Figure 68, a
significant n;nnber of sample units have greater than 10% of their surface area affected. This
observation is most common in older TNAC sample units, but is also observed in TKAC sample

units as young as three years (Dixon). This high percentage of area affected again suggests that

load is not the primary cause of the observed distress, as load related distress 15 typically isolated

_ to small areas that receive frequent load applications (i.e. wheel paths). This further supports the

belief that alligétof cr'acking was inappropriétély asSigﬁéd in some of these sample units.

It is concluded that the relatively extensive occurrence of alligator cracking in the AC
surfaced pavements is primarily the result of misidentification of the distress and not widespread
structural failure. Alligator cracking is present in the Illinois GA airport pavement network, but
it has been confounded in some cases with other distress types (block cracking, checking). Thus,
it is difficult to utilize the inspection data to accurately assess the contribution of load to
pavement deterioration. It is generally believed as a result of 1iinited visual inspections and the
structura) analysis conducted during this study that load is not a primary pavement deterioration
factor for Illinois GA airport pavements.
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VIL12. Depressions

Depressions are frequently observed in both TNAC and TKAC pavements. Primarily
considered a construction related distress, they are not normally expected to increase in number

or severity with age.

Figures 69 and 70 show the percent TNAC and TKAC sample units affected by
depressions, respectively. Many depressions are recorded in the first five years of service,
supporting the belief that construction contributes 1o their presence. The number of occurrences
fluctuates with time, but does not show a distinguishable trend toward increasing occurrences.
Nor are depressions observed more often in TNAC or TKAC. There does appear to be a general
trend toward fewer recorded occurrences of depressions in the first five years of service, although

this trend may reflect recent improvements in construction practices.

VIL.1.3. Longitudinal and Transverse Cracking

L& T crackmg isa frequenﬂy observed distress type in AC surfaced pavements. Flgures

| 71 and 72 show the percent TNAC and TKAC sample units affected, respectwely L&T
cracking appears soon after construction in many TNAC and TKAC pavements. Approximately
20% to 53% of the TNAC and 20% t0 40% in the TKAC sample units are affected within the
first five years of service. Within the age range of 6 to 10 years, 59% to 86% of the TKAC
sample units are affected. Slightly more TNAC sample units are affected (65% to 92%) over the

same time period.

For pavement ages -beyond 10 years, the percent TKAC sample units affected remains
high. In the TNAC, there appears to be a decrease in occurrences after 15 years. This decrease
coincides with the high amounts of alligator cracking recorded, particularly in the Northern
Climatic Zone. In examining the data in detail, L & T cracking was not counted in the inspection
of AP-NW/09 at Dupage in the morelrecent surveys. Instead, high amounts‘ of alligator cracking

was recorded as shown in Figure 64 (Northern Climatic Zone: age in excess of 16 years). Under
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the guidelines in FAA AC 150/5380-6, both alligator cracking and L & T cracking should be

recorded if both are present. Thus, L & T cracking should have been counted in the most recent

Dupage AP-NW/09 inspections. If block cracking is observed, L & T cracking is not counted.
.In older pavement sections suffering block cracking, a decrease in the amount of L & T cracking

would thus be expected.

Figure 73 shows the average density (ft of cracking/f* area of sample unit) of L & T
cracking for TNAC and TKAC sample units. The points are average values for all affected
sample units of the same age and do not show the variability within each pavement type. They
also represent a compilation of all three severities. The general trend indicates that in affected |
sample units, TKAC has lower cracking densities than TNAC. This trend is most pronounced in
sample units older than 10 years.

Figures 74 and 75 are examples of cracking severity trends for the Northern Climatic
Zone for TNAC and TKAC, respectively. The trendlines are best linear fits through the data

(density set to zero at age zero). The trendlines for low and high severity cracking are similar,

_ but the trendline for medium sevel:ity cracking is steeper for TNAC.

Overall, the analysis suggests that L & T cracking is a frequently occurring distress. It is
manifest early in pavement life, and it is progressive both in quantity and severity with time. The
climate/material related nature of this distress type indicates that improved material selection

leading to a reduction in L & T cracking would have immediate and long-term benefits to AC

pavement performance.
VIL1.4. Qil Spillage

Oil spillage is a common problem on aircraft parking aprons, where fuel, oil, and
hydraulic fluid are spilled during fueling and maintenance activities. In total, 83% of the sample

units affected by oil spillage are located in apron sections. Figures 76 and 77 show the percent
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sample units affected for TNAC and TKAC, respectively. Oil spillage occurs with similar

frequency regardless of pavement type or climatic zone.

VILLS. Paving Lane Cracking

Paving lane cracking is a frequently observed distress on AC surfaced pavements.
Figures 78 and 79 show the percent sample units affected by this distress for TNAC and TKAC,
respectively. Within the first five years of service, the distress has occurred in 30% to 48% of
the TNAC sample units and 24% to 42% of the TKAC. This rapid onset makes it one of the

leading cause of early deterioration in AC surfaced pavements.

As the pavement ages, increasing occurrences of this distress are noted in TKAC
pavements through the entire age range, with 90% to 100% affected in the age range of 21-25
years. In TNAC pavements, there appears to be a decrease in the number of sample units

affected past 15 years. The is likely due to the presence of increased amounts of alligator and

block cracking previously discussed under L & T cracking.

of sample unit) for sample units in which the distress occurred. This figure represents the
average combined cracking of all severities in all climatic zones. There are no clear differences
between the average cracking density for TNAC and TKAC sample units, with each having
similar amounts of cracking at each age. It is noted that the density of paving lane cracking
remains fairly constant with age, suggesting that once the distress is manifest, the crack lengths
do not increase with time. This observation is consistent with this distress type, as there are only
a limited number of longitudinal joints within a given sample unit that can crack. The distress

density cannot increase past the point where all the paving lane joints are affected.

Figures 81 and 82 further illustrate this point for TNAC and TKAC sample units in the
Central Climatic Zone. It was necessary to fit non-linear trendlines to the data because of the

very early manifestation and the apparent subsequent "leveling off" of the distress density. These
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trendlines show that once the paving lane joints cracks, the density within a sample unit remains
relatively constant. Changes after initial cracking do not lead to incfeased crack length, but
instead increased crack severity, with higher severity levels occurring over time. This is
observed in Figure 81. Low severity paving lane cracking decreases slightly over time, as

medium and high severity cracking increases.

In summary, paving lane cracking is a frequently observed distress, appearing soon after
construction. Over time, low severity cracking deteriorates into medium and high severity |
cracking, but the overall density does not increase past the point where all paving lane joints are
affected. The early manifestation of this distress makes it one of the leading causes of premature
deterioration in AC surfaced pavements. Construction techniques that would address the
formation and subsequent propagation of this distress would have an immediate and long-term

positive effect on AC pavement performance.

VIL1.6. Summary

- Themost prevalent and damaging distress types observed in the AC dataare L & T and
paving lazie cracking. Both types of cracking are observed in significant quantities within the
first five years of service, and eventually affect the majority of sample units within 10 years.
Alligator cracking is also commonly observed in the data. It is believed that it is not as
widespread as the data suggests, but that alligator cracking has been confounded with other
distress types (block cracking and checking). The most dramatic improvement in short- and

-long-term AC pavement performance can be obtained through material selection and

construction practices that lead to a significant reduction in L & T and paving lane cracking.
VIL2. Deterioration Trends for PCC Pavements

Figures 83 through 91 show the percent PCC sample units affected by distress for the
various Division 1 slab sizes and climatic regions. Table 34 shows the distribution of sample

units used in this analysis. Large slab data are shown in Figures 83, 84, and 85 for the Northern,
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Central, and Southern Climatic Zones, respectively. Low and medium severity longitudinal,
transverse, and diagonal cracking (L, T, & D cracking) are quite corhmon, with the majority of
sample units affected. Shattered slabs were frequently recorded in the Northern and Southern
Climatic Zones. Other distress types observed in over 20% of the sample units include corner
breaking, comner spalling, D-cracking (in the Central Climatic Zone), faulting (in the Central

Climatic Zone), joint seal damage, and joint spailing.

Figures 86, 87, and 88 show the percent sample units affected by distress for medium
slabs in the Northern, Central, and Southern Climatic Zones, respectively. In general, the percent
sample units affected and the distress severities are less than for the large slabs. In particular,
shattered slabs are significantly reduced. Faulting is another distress that is not commonly
observed in medium sized slabs. Comer spalling, D-cracking, joint seal damage, joint spalling,

and L, T, & D cracking occur in 20% or more of the sample units.

Compared to medium and large slabs, a significant reduction in distress occurrences and

severities ié observed in the smallslabs. This is shown in Figures 89, 90, and 91 forthe
Nor_thern, Central, and Southern Climatic Zones, respectively. In all cases, the percent sample
units affected by distress is less than 40%. In the Northern, Central, and Southern Climatic
Zones, L, T, & D cracking is observed in approximately 5%, 14%, and 23% of the sample units.
Corner breaking is below 5% and shattered slabs are almost non-existent. Other frequently
oceurring small slab distress types include corner spalling, D-cracking, joint seal damage, and

joint spalling.

Further examination of distress formation trends for PCC pavements is preéented below.
The occurrence of distress over time for the three slab sizes in the three climatic zones will be
examined for corner Breaking, cormer spélling, D-cracking, joint seal damage, joint spalling, L, T,
& D cracking, and shattered slabs (listed in alphabetical order).
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VIL.2.1. Corner Breaking

Figures 92, 93, and 94 show the percent sample units affected by corner breaking in the
Northern, Central, and Southern Climatic Zones, respectively. Each plot includes the effect of
slab size and age. In the Northern and Central Climatic Zones, corner breaking is least for small
slabs. This is not the case in the Southern Climatic Zone where small and medium slabs have
similar performance. Corner breaking in small slabs appears to be progressive in nature; the
percentage increases for each successive age range. A similar trend is observed for medium slabs
in the Southern Climatic Zone, but is not observed in the other two climatic zones. For large
slabs, age does not appear to be correlated with the number of sample units affected by corner
breaking.

The Load Code was used to examine the effect of loading on corner breaking. Table 35
presents the sample unit distribution for various slab sizes and Load Codes. Medium slabs are

most common under high Load Code conditions. Small slabs are most common under low and

medium Load Code conditions.

Table 36 shows the percent sample units affected by the various distress types and "
severities for each Load Code and slab size. In comparing the incidence of corner breaking to.
Ioad Code, it is important to examine the effect of slab size. Small slabs have less occurrences
of comer breaking and lower severity in each Load Code category. Large slabs have the highest
occurrences of corner breaking. Corner breaking is also more severe in large slabs. Comparing
slab sizes across the three Load Codes shows no influence of loading on the occurrences or
severity of corner breakjng' The greatest number of occurrences of corner breaking is found in
large slabs located in low Load Code sections and the occurrences in small slabs are very similar
for high and low Load Codes. These observations suggest that corer breaking is not strongly

related to load in GA éirport applications.

In summary, corner breaking is most closely related to slab size. Smaller slabs have less

corner breaking than large slabs. This finding implicates climatic effects as the most important
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factor in the formation of this distress in GA pavement applications. A direct relationship

between loading condition and corner breaking could not be established.

VIL2.2. Corner and Joint Spalling

Comer an.djoint spalling are combined in this discussion as the formation factors for
these distresses are similar. Figures 95, 96, and 97 show the deterioration trends for corner
spalling and Figures 98, 99, 100 show the deterioration trends for joint spalling. These figures
present the percent sample units affected by each distress over five year time periods for large,

medium, and small slab sizes.

In the Northern Climatic Zone, all of the large slab sample units show joint spalling and
75% experienced comer spalling within the first five years of service. High levels of both joint
and corner spalling in Jarge slabs were observed in other climatic regions and age ranges as well.

The fairly rapid appearance of spalling in large slabs suggests that slab size plays a significant

role in the early formation of this distress.

I early age rraiirlgés that have all three slab sizes f.epfésfe'rﬁéd; spalling generally appears
more often in Jarge slabs than in small or medium slabs. But the difference between the
occurrence of spailing for different slab sizes decreases with time. After an age of 15 to 20 years,
the number of sample units affected by spalling in older pavements cannot easily be related to

slab size.

Corner spalling in small slabs appears to bé progressive. In the first five years, corner
spalling occurs in 0% to 10% of the sample units. In the 6-10 year age range, corner spailing
ranges from 0 to 45%, with the highest occurrence in the Northern Climatic Zone. In the 16-20
year range, 39% to 62% of the sample units are affected, with the highest number recorded in the
Northern Climatic Zone. Joint spalling follows similar trends, with the highest occurrences in
small slabs observed in the Northern Climatic Zone. In the 16-20 year range, joint spalling

occurring in 38% to 75% of the sample units.
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Table 36 presents the relationships between Load Code and corner and joint spalling.
Medium and high Load Code sections have higher amounts of corner spalling for each slab size
than low Load Code sections. Joint spalling has the opposite trend, with the highest occurrences
in low Load Code sections for medium and large slabs. The severity of the large slab spalling is
also higher in the low Load Code sections than in the High Load Code sections. For medium
slabs, higher Load Codes produce higher sevérity joint spalling, although the percent sample
units affected s not very sensitive to load level. These findings suggest that loading may
contribute to the formation and propagation of corner spalling. Joint spalling occurs in
significant amounts under all loading conditions, but its severity is highest under higher loading
conciitions. Slab size effects are most pronounced; with small slabs always having less spalling
than medium or large slabs under similar loading conditions. This slab size effect decreases with
age, as climatic and load related factors appear to progressively increase spalling in the smaller

slab sizes.

In summary, slab size effect appears to be related to corner and joint spalling, particularly

in the early service life of the pavement. Alfhough nof as pronounced as sTabsize; higherloading
appears to contribute to greater amounts and higher severities of corner spalling under similar

- cond.ltlons Occurrences of Jomt spéiliﬁg carrirnot: be related to loading level, although the

severity of spa.lling increases at higher load levels. This same analysis found that the largest

effects are not load related, as even lightly trafficked sections suffer significant amounts of

comer and joint spalling.

VIL2.3. D-Cracking

Figures 101, 102, and 103 show the D-cracking trends in the Northern, Central, and
Southern Climatic Zones, respectively. D-cracking is more widely distributed in the Northern
Climatic Zone, but occurs in all climatic zones within the State. D-cracking is directly related to
the coarse aggregate source. It is generally found throughout a section and is not isolated to a

single sample unit within a section.
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Siab size effects play no discernible role in the occurrence or propagation of the distress.
D-cracking was not observed in the Central and Southern Climatic Zone in the first five years of
service. The percent sample units affected generally increase with age. It is noted that PCC
constructed with non-D-cracking susceptible aggregate will not develop this distress over time
and therefore will not be affected regardless of their age. This point is illustrated in the long-
lived PCC sections constructed at Quincy that were evidently constructed with non-susceptible
aggregate. No evidence of D-cracking has been observed in these sections even after 40+ years

of service.

D-cracking can be addressed through proper aggregate selection. The use of non-D-
cracking susceptible aggregate is essential if this distress is to be controlled. D-cracking is
normally situated near joints or cracks in the PCC. If D-cracking susceptible aggregate is
inadvertentlyﬁ used, more of the pavement area would be affected if shorter joint spacing had been

used.

VIL.2.4. Joint Seal Damage

~ Joint seal damage may influence the development of other distress types. If a routine
joint re-sealing program is maintained by the airport, joint seal damage will not occur. Figures
104, 105, and 106 show the percent sample units affected by joint seal damage in the Northern,

Central, and Southern Climatic Zones, respectively.

There does not appear to be a slab size effect. The distress does not usually occur in the
first five years of service, but becomes more common in subsequent age ranges. The
maintenance practices of individual airports have the greatest impact on this distress, and
therefore it is not possible to generate clear distress formation and propagation trends. Different
sealant materials also have different expected lives. The sealant used in the initial construction
will contribute directly to when this distress is first observed. It is interesting to note that 60% of

the 40+ year old PCC sections at Quincy are suffering joint sealant damage, most of which is low
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severity. The relatively low occurrence of joint seal damage after so many years of service may

have contributed to the excellent performance of these sections.

VIL.2.5. Longitudinal, Transverse. and Diag onal Cracking

L, T, & D cracking is a major structural indicator for PCC pavements. Figures 107, 108,
and 109 show the percent sample units affected by L, T, and D cracking in the Northern, Central,
and Southern Climatic Zones, respectively. A related distress, shattered or divided slabs,
develops when a slab breaks into three or more pieces. Shattered slabs and L, T, & D cracking
will be discussed concurrently. Figures 110, 111, and 112 show the percent sample units

affected by shattered slabs in the Northern, Central, and Southern Climatic Zones, respectively.

An immediate observation is that large slabs are suffering extensive L, T, & D cracking.
Near 100% occurrence rates occur in the first five years of service. This suggests that the

distress forms early in the pavement life, leading to rapid decreases in PCI. Many large slabs are

also affected by shattered slabs. Unlike L, T, & D cracking, the occurrence of stattered slabs
appears to increase over time in some cases (Northern Climatic Zone). These findings strongly

implicate slab size as a prlmary distress formation factor for large slabs.

Slab size effects on the occurrence of L, T, & D cracking are also readily observed in
medium slabs. In age ranges where medium slabs are represented, over 50% are affected.

Medium slabs are also prone to shattering, although at far less occurrence rates than large slabs.

Small slabs are less likely to incur slab cracking than the two larger slab sizes. With the
exception of the 1-5 year age range in the Southern Climatic Zone (possibly construction
related), the small slab cracking is at or below 20% in all climatic zones for the first 20 years of
service. Only small slabs over 36 years of age had any record of shattered slabs, and those
occurred in less than 2% of the sample units inspected. Although the occurrence of L, T, & D

cracking remains relatively flat in the Southern Climatic Zone, it appears to grow progressively
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in the other two climatic zones. In all cases, slab cracking is less for small slabs than medium or

large slabs within an age range.

It is observed in Figures 82 through 91 that L, T, & D cracking of small slabs have lower
severity levels. This suggests that even when cracking occurs, it remains at a lower severity level

than cracking in medium and large slabs, resulting in better performance for small slabs.

Table 36 shows the relationship between Load Code and the ocourrence and severity of L,
T, & D cracking and Shattered Slabs. For large slab sizes, the effect of loading is overshadowed
by the slab size effect, with equally high amounts of L, T, & D cracking occurring under all three
Joading conditions. The severity of the cracking increases at higher Load Codes, suggesting that
loading contributes more to the propagation of cracking of large slabs than crack formation. '
Load may contribute to the formation and severity of shattered slabs in large slabs, as roughly
twice the occurrences.are observed in high Load Code sections compared to low Load Code

sections. It is noted that even in low Load Code sections, nearly 30% and 15% of the large slab

sample units have 10w and medinm sevetity snattered slabs; tespectively. This suggests-thatslab
size is the most important factor in the formation of this distress, with high loading conditions

,, playiﬁg a secondary role.

In medium slab sections, loading conditions may contribute slightly, as the occurrence
and severity of L, T, & D cracking is greater in high Load Code sections than in medium Load
Code séctions. Only 11 sample units are contained in the low Load Code-medium slab size
category, none of which suffer L, T, & D cracking. About twice as mény shattered slabs occur
for medium slabs under high Load Code conditions than medium Load Code conditions, again
implicating load as a contributing factor. It is emphasized that considerable slab cracking is

present for medium slabs under both high and medium loading conditions.

Small slabs suffer the least amount of cracking under all loading conditions. There is no
trend linking higher load levels to increased L, T, & D cracking in small slabs; on the contrary,

there is more slab cracking in low Load Code sections than high Load Code sections for small
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slabs. Very few small slabs shatter, and those that did are in medium Load Code sections after *

many years of service. For small slabs, loading can not be im'plicatéd-in slab cracking.

The primary factor governing the formation and propagation of L, T, & D cracking and
shattered slabs is the slab size effect, with load playing a secondary role. Large slabs show high
incidence of L, T, & D cracking within the first five years of service. Load effects appear to play
a secondary role in the formation of L, T, & D cracking and shattered slabs in medium slabs.
Small slabs incur less cracking under all circumstances, although the cracking appears to be
progressive, with more occurrences observed as the pavement ages. Load could not be

implicated as a factor in small slab cracking.

VI.2.6. Summary

The most important PCC deterioration factor is slab size. Shorter slabs (as measured by

the estimated L/¢ ratio) had less corner breaking, L, T, & D cracking, and shattered slabs. Corner

and joint spalling were also reduced initially, but over time, the distress increases until similar

- occurrences are Qbserved in all _slab sizes (age ranges greater than 15 years). Load related factors
were a secondary influence, most obvions i high'Load Code sections where large slab size led
to accelerated L, T, & D cracking and shattered slabs. Through better selection of slab joint
spacing and improved material selection (non D-cracking susceptible aggregate), improved PCC
performance can be obtained. The initial selection of longer lasting joint sealant and improved '

 joint re-sealing scheduling and practices can reduce joint seal damage as well as the expected

Jong-term reduction of other distress types such as joint and comer spalling.
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VIII. OBSERVATIONS, CONCLUSIONS AND RECOMMENDATIONS

This study‘has focused on the performance and deterioration of Illinois GA airport
pavements. It has entailed a review of current GA pavement design and construction
specifications, an examination of the PCI procedure as applied by IDOT-DOA, an analysis of |
pavement performance and deterioration factors for both AC and PCC pavements, the
determination of pavement pérfonnance trends, and an investigation of specific GA pavement
distress formation and propagation trends. The first section of this chapter provides observations
'and conclusions obtained in the course of this study. The second sections lists potential areas of

fiuture research that can further develop some of these findings. .

VIIL1. Observations and Conclusions

In the design and construction of AC pavements, the following major observations and

conclusions were made as a result of this study:

. The FAA _AC_thickness design procedure (Chapter 5 of FAA AC 150/5320-6C) is most
often used in the design of Illinois GA airport pavements. The Asphalt Institute (AD) |
procedure is also acceptable to IDOT-DOA.

. The FAA AC thickness design procedure uses the CBR method for conventional AC
design. Conversion of the conventional design into an alternative design (i.e. FULL-
DEPTH AC, cement treated base, etc.) is accomplished by using material equivalency
factors. A minimum 2-in thick AC layer is required. Climatic effects are not directly -

considered.

° The AI AC thickness design method is mechanistically-empirically based. Design charts
are presented for FULL-DEPTH, AC treated base, and conventional AC designs. In the
conventional AC thickness design, the granular base thickness is set at 6-in and a

minimum AC thickness of 4-in is required.
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IDOT-DOA requires a minimum AC thickness of 3-in. Current practice is to use a

- granular base course in all AC pavement construction. Surface treatments are not used in

new construction of GA. pavements.

IDOT-DOA follows the material codes presented in FAA AC 150/5370-10, with the
addition of Item P-201(bituminous base course). The most recent IDOT—DOA AC
specifications specifically address checking (requiring the use of pneumatic tired roller on
surface courses) and paving lane cracking (requiring the use of the most recent NAPA
joint compaction guidelines). There is an emphasis on the use of standardized IDOT-

DOH gradation specifications.

Recent modifications to the IDOT-DOA AC mix design specifications have replaced
vo1ds in the mineral aggregate requirements (VMA) with voids filled with asphalt (VFA).
The VFA approach eliminates the need to link VMA to maximum aggregate size. It is
noted that the use of VFA in lieu of VMA by itself does not ensure that AC mixtures with

reduced age hardening characteristics will be speciiled. In the modified IDOT-DOA
specifications, a possible VMA range from 7% to 30% can be obtained within the

specified VFA and air content ranges.

In the design and construction of PCC pavements, the following major observations and

conclusions were made as a result of this study:

The FAA PCC thickness design procedure (Chapter 5 of FAA AC 150/5320-6C) is most
often used in the design of Illinois GA airport pavements. The American Concrete
Paving Association (ACPA) methodology is also acceptable to IDOT-DOA.

The FAA PCC thickness design procedures requires a 6-in thick slab and a 4-in thick
subbase for pavement servicing aircraft with gross weights in excess of 12,500 Ibs. For
pavements servicing lighter aircraft, a 5-in thick slab and no subbase is required. The

maximum recommended joint spacing is 15 fi.
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o The ACPA thickness design approach contains both a simplified and rigorous
methodology. A wider range of acceptable thickness are présented than in the FAA
method, with a minimum PCC thickness of 4-in. A 4-in thick subbase is required when
constructing a PCC pavement én certain subgrades. ACPA recommends a joint spacing
of 25 times the slab thickness. This results in a maximum joint spacing of just over 8 ft

for a 4-in thick slab and 12.5 ft for a 6-in thick slab.

. IDOT-DOA air-side PCC pavements have been constructed with a 6-in minimum
thickness. Current IDOT-DOA jointing practices follow FAA recommendations with an

allowable maximum joint spacing of 15 ft.

. The most recent IDOT-DOA PCC specifications feature an increased reliance on IDOT-
DOH specifications. Aggregate durability requirements are addressed through IDOT-
DOH aggregate source certification.

The Tollowing major observations and conclusions wete made related to- GA pavement
- distress data collection, performance and deterioration trends, and distress formation and

propagation trends:

L] IDOT-DOA pavement distress data collection procedures are based on those described in
FAA AC 150/5380-6. IDOT-DOA has modified the rigorous FAA data collection
procedures through estimating distress quantities in lieu of measuring. IDOT-DOA has
also added paving lane cracking to the FAA identified AC distresses. R is difficult to
directly compare FAA and IDOT-DOA PCI values.

. Climatic considerations should be included in evaluating pavement performance data.
There is a north-south orientation in Illinois. In this study, the State was divided into
Northem, Central, and Southern Climatic Zones. Pavement temperature considerations

are the most relevant climatic consideration found in this study. For AC pavements,
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temperature has a pronounced effect on AC mixture stiffuess. In PCC pavements, the

slab temperature gradient produces curling stresses in the slab.

Tllinois GA airport pavements carry a wide assortment of aircraft and service vehicles.
The most frequently cited maximum aircraft loading was applied by the Beechcraft King
Air B200 (maximum gross weight of approximately 12,500 1bs). This aircraft was
selected as the design aircraft for pavement structural analysis. For the airports in this

study, the vast majority of service vehicles were at or below typical highway loads.

ILLI-PAVE pavement response algotithms were developed for the King Air B200 aircraft
loading. Structural analyses of typical AC sections (designed using FAA and Al
procedures) were conducted using ILLI-PAVE and IDOT-DOH Class I AC material
propt;rties. These analyses suggest that structural failures (i.e. rutting and alligator
cracking) of conventional and FULL-DEPTH AC pavements should not be a major

concern under normal GA operating conditions. Estimated AC fatigue lives were

considerably larger than expected traffic for most of tle sections considered inthisstudy———————

ILLI-SLAB was used to analyze 6-in thick PCC pavements subjected to King Air B200
loading and to verify previously derived paverhent response algorithms. Typical GA PCC
sections (designed using FAA and ACPA procedures) were structurally evaluated using a
calibrated mechanistic design model. The analyses indicate that 5-in and 6-in thick
pavements are structurally adequate under normal GA operating conditions. High stress
ratios in 4-in thick PCC slabs suggest that they might be structurally inadequate. The
combined effects of load and curl stresses significantly decreases predicted allowable
aircraft passes to failure. Larger slabs are more affected by curling than smaller slabs

making joint spacing an important PCC design factor.

Pavement distress and inventory data provided by IDOT-DOA were used to establish a
relational data base. In total, 195 non-rehabilitated pavement sections were included.

The data base contains extensive loading, climatic, construction/material, and pavement
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condition information for each section. Specific pavement condition factors include
section PCI values, sample unit PCI values, and distress typés, severities, and quantities

for each sample unit inspected.

A Deterioration Rate (DR) concept was developed to describe pavement performance and
longevity trends. The DR is defined as the PCI loss per year. DRs for five year periods
were estimated and statistically tested for significance for each pavement type and
climatic zone. Deterioratioﬁ trends for each pavement type and climatic zone were

established by joining the DRs for successive five year period.

The AC surfaced pavements had similar deterioration trends in the Southern and
Northern Climatic Zone. TKAC had an overall lower DR than TNAC in the Central
Climatic Zone. The results of this analysis suggested ﬁat in the first 10 years of service,
there was little difference in TNAC and TKAC performance. After 10 years, pavements

constructed with thicker AC layers appeared to have a reduced rate of deterioration.

PCC pavement sections were separated to account for slab size effects. The ratio of the

slab length divided by the sléb‘ radius of relétive stiffness (L/e) was used to divide slabs
into "small", "medium", and "large" classifications. Markedly different performance
trends were observed for each slab size. Small slabs had the lowest DRs and large slabs
had the highést DRs in each climatic zone. Slab size was the most importént indicator of

PCC pavement performance.

An analysis of rehabilitated sections identified the age when various pavement types were
overlaid. The results of this analysis were consistent with the deterioration trends
previously identified in that PCC pavements had overall better performance than AC
pavements. Differences in performance between TKAC and TNAC were not readily

observed.
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Efforts to differentiate the deterioration trends for 12.5 ft slabs from 15 ft slabs (assuming
6-in thickness) were not successful. There was no statisticai difference between the DR
rates of the two slab sizes, although the smaller slabs had a lower DR. Slabs having
greater lengths than 15 ft performed significantly worse than smaller slabs.

Longitudinal and transverse cracking (L & T cracking) and paving lane cracking were the
two most commonly occurring distress types in AC surfaced pavements. Both distresses
had a high number of occurrences within the first five years of service, and continued to
develop with time until almost all sample units were evenfually affected. Other distress

types commonly observed are alligator cracking, oil spillage and depressions.

Higher than expected amounts of alligator cracking were recorded for AC sections. After
a tho;ough examination, it has been concluded that the identification of alligator cracking
has been confounded with other distress types (i.e. block cracking, checking). This
makes it impossible to determine the extent of load related distress within the GA

pavement network from these data. It is believed that alligator cracking is considerably

less prevalent than currently recorded.

Commeonly occurring PCC distresses are corner breaking, corner and joint spalling, D-
cracking, joint seal damage, and longitudinal, transverse, and diagonal slab cracking (L.
T, & D). PCC distress formation and propagation are highly dependent on the slab size.
Large slabs have considerably higher distress occurrences and severities than small slabs.
Load could not be strongly related to distress formation or propagation except in the case
of corner spalling. Load appears to play a smail role in the propagation of joint spalling
and L, T, & D cracking. Overall, the most important factor leading to PCC distress is

slab size.
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VIIL2. Recommendations for Further Research

The observations and conclusions from this study support the following

recommendations for further research:

] Recent IDOT-DOA specification modifications (dated April, 1994) provide improved
construction quality control. This effort should be continued. The effects of the AC
specifications (P-201 and P-401), pertaining to the construction of paving lane joints,
should be monitored for effectiveness. As successful techniques are identified (leading to
a reduction in the early formation of paving lane cracking), these should be specifically

identified in the specification.

o Tt is recommended that current AC mixture design practices be evaluated. The low
VMA/low air content mixtures have "checked" in numerous GA projects. Aggregate

gradations should be examined to see if reduced age hardening characteristics of the

asphalt cement can be obtained without sacrificing friix compactability—SHRP Eevel 1

mix des1gn procedures, featuring the use of the SHRP gyratory compactor, should be
thoroughly evaluated for potent1a1 application to GA mixture design. This method allows
the AC mixture compactability to be assessed during the mix design process.

® The SHRP performance grading system offers the potential for selecting asphalt cement
binders that can better resist L & T cracking problems. Before adopting these
specifications, a number of concerns first must be addressed. The first is the
methodology used to calculate minimum pavement temperatures. Many have voiced
concerns that the current method is not accurate. Secondly, the proposed models should

be evaluated to determine if the specifications will truly result in less thermal cracking.
' 3 The most important PCC design parameter is slab size. This study has shown that, in
general, shorter slabs have lower Deterioration Rates (DRs) than larger slabs. This is true

even though a statistical difference (& = 0.05) in DR could not be shown between 12.5 ft
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and 15 ft slabs. Short joint spacing results in increased construction costs and more joint
related distress (such as D-cracking and spailing). Higher jo'int re-sealing costs are also
incurred with shorter joint spacing. An effort should be undertaken to determine the
specific adventages and disadvantages of various slab sizes up to 15 ft in length (for 6-in
thick slabs). L/¢should be used to select appropriate PCC slab lengths. Typical coarse
aggregate sources should be examined to determine their effect on the PCC coefficient of

thermal expansion.

The PCI data collection procedures used by IDOT-DOA were not as rigorous as those
recommended by the FAA. Although the inspections can be conducted in a more timely
manner, there is some concern that accuracy has been sacrificed. A study could be
implemented 10 examine the costs and benefits involved with inspections conducted with
varying degrees of precision. Through this effort, a more optimal mspectlon technique

may be identified, improving accuracy mthout significantly increasing inspection time.

This study observed that the performance of TNAC and TKAC pavemenis was St kgl
the early service life, but that TKAC pavements appeared to have lower DRs after 10
years of service. It is hypothe51zed that this translates into unproved maintainability for
pavements constructed with thicker AC layers. A study that investigates the effects of
maintenance on AC pavements would be able to address this issue. This is important
when considering life cycle costing, as the use of thicker AC pavements may provide a

more cost effective alternative even with higher initial costs.

As a mechanistically based design procedure is considered for GA airports, materials
properties must be more accurately assessed. In particular, the specific temperature-
stiffness relationships must be developed for the P-201/P-401 materials. Preliminary
analysis conducted as part of this study found that typical IDOT-DOA P-201/P-401 AC
mixtures are slightly less stiff than comparable IDOT-DOH Class mixtures. Fatigue
relationships for these mixtures must also be established.
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The use of distress transfer functions developed for highway applications might not be
appropriate for the analysis of GA airport pavements. In pafticular, highway stress
applications are relatively smail and frequent, and the vehicle path is channelized. In
contrast, stresses induced in airport pavements are typically high and infrequent, and the
traffic is less channelized. In this project, one difficulty encountered in applying highway
distress transfer functions occurred when using the calibrated mechanistic design model
for PCC fatigue analysis. For the 4-in thick PCC, even when the tensile stress over

modulus of rupture ratio approached 1.0, the allowable passes still exceeded 5,000.

" Research should be conducted to examine high stress/strain, low repetition transfer

functions for GA airport applications.

A DESIGN CATALOG should be considered to standardize Illinois GA pavement design
procedures. A mechanistic-empirical approach can be utilized to design pavement
structures for IIlinois climatic conditions and commonly used materials. The catalog can

be arranged according to climatic zone, traffic loading, and subgrade strength/stiffness

properties. A number of alternafive pavement desipns would be presented-for-a-given-set

of design conditions. |
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Table 1. Recommended Equivalency Factor Range for Stabilizéd Subbase [FAA, 1978].

Item Code Material Equivalency Factor Range
P-401 Bituminous Surface Course 17t023
P-201 | Bituminous Base Course - 171023
P-215 Cold Laid Bituminous Base Course 1.5to0 1.7
P-216 Mixed In-Place Base Course 1.5t0 1.7
P-304 Cement Treated Base Course ~ 1.6t023
P-301 Soil Cement Base Course 1.51t02.0
P-209 Crushed Aggregate Base Course | 14t02.0
P-154 ‘Subbase Course 1.0

Table 2. Recommended Equivalency Factor Range for Stabilized Base [FAA, 1978].

Item Code , Material Equivalency Factor Range
p-401 | Bituminous Surface Course _  12t016
P-201 Bituminous Base Course 1.210 1.6
P-215 Cold Laid Bituminous Base Course 1.0to 1.2
P-216 Mixed In-Place Base Course 1.0to 1.2
P-304 Cement Treated Base Course 1.2to 1.6
P-301 Soil Cement Base Course N/A
P-209 Crushed Aggregate Base Course 1.0
P-154 Subbase Course N/A
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Table 3. Simplified ACPA PCC design scheme [ACPA, 1993].

Pavement Thickness Allowable Gross Aircraft Weight
Single-Wheel Gear Dual-Wheel Gear
inches mm lbs kg Ibs kg
5.0 127 15,000 6,800 21,000 9,500
5.5 140 18,000 8,100 26,000 11,800
6.0 152 21,000 9,500 31,000 14,100
6.5 165 25,000 11,300 36,000 16,300
7.0 178 29,000 13,200 41,000 18,600
7.5 190 - - 47,000 21,300
8.0 203 - - 53,000 24,000
8.5 216 - - 60,000 27,200
' Table 4. Relevant material codes used by IDOT-DOA and the FAA.
Item Description Item Description
P-152 Excavation and Embankement P-209 | Crushed Aggregate Base Course
P-154! Subbase Course P-216' | Mixed In-Place Base Course
P-155 Lime Treated Subgrade P-304 Cement Treated Base Course
P-201° Bituminous Base Course P-401 Bituminous Surface Course
P-208 Aggregate Base Course P-501 Portland Cement Concrete
Pavement

1 This item is not currently part of the IDOT-DOA. specifications.

2 This item is not currently part of the FAA specifications.
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Table 5. Recommended AC aggregate gradations.

Percentage by Weight Passing Sieves
s;;ee 1 inch Maximum 3/4 inch Maximum 1/2 inch Maximum
IDOT | FAA Al IDOT! | FAA Al IDOT? | FAA Al
1" 100 100 90-100 100 100 100 100 100 100
3/4" 84-100 | 76-98 . 100 100 90-100 100 100 100
12" 64-86 66-86 - 81-100 | 79-99 - 100 100 90-100
3/8" 55-78 57-77 56-80 70-100 68-88 56-80 79-99 79-99 -
No. 4 40-62 40-60 35-65 47-73 48-68 35-65 56-76 58-78 | 44-74
No. 8 28-50 26-46 23-49 30-60 33-53 23-49 40-60 | 39-56 | 28-58
No.16 || 22-43 17-37 - 22-47 20-40 - .28-46 26-46 .
No. 30 17-32 11-27 - 17-34 14-30 - 20-36 19-35 -
No. 50 | - 7-19 5-17 - 9-21 5-19 - 12-24 5-21
No.100 [ 6-16 6-16 - 6-16 6-16 . 7-17 7-17 -
No. 200 3-8 3-6 2-8 3-8 3-6 2-8 3-8 36 | 210
—  lLAacw U 4570 § 4570 ) 5070 1 5075 5070 1 5580 1

‘ ! This is the recommended gradation for IDOT-DOA surface mixes.

| 2 This gradation is for leveling courses only -
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Table 6. Recommended PCC coarse aggregate gradations.

Percentage by Weight Passing Sieves

Ssl;azv: Fine Aggregate From 1-1/2"to No. 4 From 1" to No. 4
IDOT | FAA 1-1/2" to 3/4" 3/4" to No. 4 IDOT FAA
{(FA-1) (CA-07)
IDOT FAA IDOT FAA
(CA-11)
2 - - - 100 - - - -
1-1/2" - - - 90-100 - - 100 100
1 - - - 20-55 100 100 90-100 95-100
3/4" - - - 0-15 84-100 90-100 - -
1/2" - - - - 30-60 - 30-60 25-60
3/8" "100 100 - 0-5 - 20-55 - -
No. 4 94-100 | 95-100 - - 0-12 0-10 0-10 0-10
No. 8 - 80-100 - - - 0-5 - 0-5
—No-16—||—45-85 50-85 - - - - - -
No. 30 - 25-60 - - - . - -
No.so | 329 | 10-30 A - - - E .
No. 100 0-10 2-10 - - - - - .
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Table 7. FAA gradation requirements for granular subbase and base materials [FAA, 1974].

Sieve Percentage by Weight Passing Sieves
Designation
Ttem Ttem P-208 Item P-209
P-154 :
A B Cc A B C
2-inmax | 1.5-in max 1-in max 2-in max 1.5-in max | l-inmax
3-inch 100 - - - - - -
2-inch - 100 - - 100 - -
1.5-inch - - 100 - - 100 -
1-inch - 55-85 70-95 100 55-85 70-95 100
0.75-inch - 50-80 55-85 70-100 50-80 55-85 70-100
No. 4 - 30-60 30-60 35-65 30-60 30-60 35-65
No. 10 20-100 - - - - - -
No. 40 5-60 10-30 10-30 15-30 10-25 10-25 15-25
No. 200 0-15 5-15 5-15 5-15 3-10 3-10 3-10

Table 8. IDOT-DOA gradation requirements for granular subbase and base materials

[IDOT, 1985].
Sieve Item P-208 Ttem P-209
Designation A B c B c
2-in max 1.5-in max 1-in max 2-in max 1.5-in max 1-in max
2-inch 100 - - 100 - -
1.5-inch 90-100 100 - 90-100 100 -
1-inch 70-95 80-100 100 70-95 80-100 100
0.5-inch 45-75 55-80 65-95 45-75 55-80 65-95
No. 4 30-50 30-56 40-60 30-50 30-56 ' 40-60
No. 16 15-35 10-40 15-45 15-35 10-40 15-45
No. 200 4-12 4-12 5-14 4-12 4-12 5-14
IDOT Grad. | Mod. CA-4 Mod. CA-6 CA-10 Mod. CA-4 Mod. CA-6 CA-10

142




Table 9. AC distress types identified in the PCI procedure.

Distress Distress Type Factors Leading to Distress Formation'
Number Load Climate | Materials/
: Construction
1 Alligator or Fatigue Cracking P S S
2 Bleeding NE S P
3 Block Cracking NF P P
4 Corrugation P M P
5 " Depression M M P
6 Jet Blast Erosion - NF NF P
7 Joint Reflection Cracking?
8 Longitudinal and Transverse NF P P
Cracking
9 Oil Spillage NF NF . P
10 Pafching and Utility Cut Pafching S M S -
RV Polished Aggregate P NF P
12 Raveling and Weatheﬁng NF WP . P
13 Rutting P P
14 Shoving By PCC Sléb"-
15 Slippage Cracking P M
16 Swell NF P
17 Paving Lane Cracking’ NF S _

w [ —

P = Primary Factor, S = Secondary Factor, M = Minor Factor, NF = Not a Factor.
This distress is not considered in this study.
This distress is unigque to IDOT-DOA.
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Table 10. PCC distress types identified in the PCI procedure.

~ Distress Distress Type Factors Leading to Distress Formation'
Number Load Climate | Materials/
Construction
1 Blow Up NF P P
2 Corner Break P NF
3 Longitudinal, Transverse , and S P S
Diagonal Cracking
4 Durability (D-) Cracking NF S P
5 " Joint Seal Damage NF P P
6 ‘ fatching, Small S S P
7 Patching, Large S S P
8 Popouts NF S P
9 Pumping P .S NF
10 Scaling, Map Cracking, and NF S P
Crazing
11 ‘SetflementorFaulting -~ [ P S NE
12 Shattered Slab/Intersecting Cracks P P NF
13 Shrinkage Cracks NF .S P
14 Joint Spalling S P S
15 Corner Spalling S P S

1 P = Primary Factor, S = Secondary Factor, M = Minor Factor, NF = Not a Factor.
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Table 11. Pavement temperature and MMAT! estimated for a 12-in full depth AC pavement
using the C-M-S Model (F°) [Thompson, 19871.

Rockford
Jan, Feb, March Aprdl May June July Auvg. Sept. Oct. Nov. Dec
MMAT 21.0 24.6 356 48,5 584 69.1 74.0 71.9 4.2 52.2 384 26.0
@ Liin 25.1 29.2 41.5 567 69,5 £0.3 85.5 82,3 72.1 57.5 42.3 26.5
@6.0in 278 20,5 48.5 54.8 67.2 778 833 81.1 723 38,7 44,4 32.0
@10.5in 303 307 397 53.1 65.0 53 £1.2 79.9 72.3 56,8 46.4 - 343
Urbana
Jan. Feh. March April May June July Aug. Sept, QOct. Nov, Dec
MMAT 26.1 288 39.5 51.4 51.8 713 75,2 73.2 66,7 53.0 41.2 30,1
@1.5in 5.7 33.5 45.7 59.7 7.8 819 85.8 82.8 4.9 61.1 45.7 33.5
{@6.0 in 31.4 339 44.7 57.8 69.6 8.4 83.8 1.6 74.8 2.1 47.6 35.7
;@_.10.5 in 33.1 344 43,9 56.1 674 77.0 81,7 80.6 72.3 63.0 48,5 37.7
Cairo
JTan. Feh, March April May Tune Tuly Aug, Sept. Qet. " Nowv, Dec
MMAT 35.9 38.2 48.‘4 59.4 68,3 770 80.5 78.6 72,2 61.2 48.7 389
__@1_.5 in 393 43.9 54.7 68.0 81.7 884 62.2 89.3 80.9 67.4 532 42.4
@6.0in 40.1 418 334 659 76.6 85,7 $9.5 38.0 805 8.1 547 4471
@105 40.8 43.7 52.2 63.3 742 83.1 B87.6 -86.5 80.0 68,7 56.1 45.6

I MMAT is the mean monthly air temperature.
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Table 12. Temperature differentials calculated for a 6-in thick PCC slab in three Illinois

locations using the C-M-S Model [ILLICON, 1954].

Temp érature Percent Time Slab Experiences Gradient During Typical Year (%)
Differential (F°) Rockford Urbana Cairo

218 0 0 0

16 0 0 0

-14 0 0 0

-12 0 0 0
.10 1 0 0

8 13 13 11

-6 17 17 19

4 13 15 18

2 8 8 7

0 6 6 3

2 6 5 4

4 5 5 4
e e s 4

8 4 5 6

10 4 4 >

12 4 5 2

14 4 4 4

16 5 5 >

18 4 4 5

20 0 0 1

22 0 0 0

24 0 0 0

26 0 0 0

28 0 0 0

l 30 0 0 0_
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Table 13. Summary of material properties employed in the ILLI-PAVE solutions.

Parameter Asphalt Concrete Crushed Subgrade
Stone
40" F 70°F 100° F Stiff Medium Soft Very
Soft
Unit Weight (pef) 145 145 145 135 125 120 115 110
Lateral Pressure 037" 0.67 0.85 0.60 0.82 0.82 0.82 0.82
Coefficient at Rest
Poisson's Ratio 0.27 0.40 0.46 (038 0.45 0.45 0.45 045
Unconfined - - .- - 32.80 22.85 12.%0 6.21
Compressive Strength
_ (psi)
Deviator Stress Upper - - - - 32.80 22.85 12.90 6.21
Limit (psi)
Deviator Stress Lower - - - - 2.00 2.00 2.00 2.00
Limit (psi)
Kl(ksi."i:si) - - - - -1.11 -1.11 -1.11 -1.11
K2 (ksi/psi) - - - - -0.178 -0.178 -0.178 -0.178
Deviator Stress @ - - - - 6.20 6.20 6.20 6.20
"Breakpoint” (psi) )
Eri (ksi) - - - - 12734 768 3.02 1.00-—
E-failure (ksi) - - - 4.00 7.605 4.716 1.827 1.00
E-Const. Mod. (ksi} | 1400 500 100 : - - - -
Er-Modei (psi) - - - 50008 - - - -
Frict. Angle (deg) - - - 40 0 0 0 0
Cohesion (psi) - - - - 16.4 11.425 6.45 3.105
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Table 14. ILLI-PAVE conventional pavement response ﬁlgorithms for the

Beechcraft King Air B200.
ll Response Algorithm R? SEE
" Log Eac = 2.941 + 0.190T c - 0.097(LogTae) Tuc - 0.114(LogEA) Tac - 0.043(LogEx) 0.981 | 0.045
| Log SD = 1.632 - 0.088T,¢ - 0.017Tyge - 0.277(LogE,c) + 0.024Ey, 0.862 | 0.084
Log SSR = 0.103 + 0.084T, - 0.017LogTage - 0.066(LogE,o)Tac - 0.396(LogEx) 0.939 | 0.063
Log Dy = 1671 +0.099T,c - 0.118(LogTaee) Ty - 0.068(LogE o) Tac - 0.199(LogEx,) 0.978 | 0.029
Log Dg = 2.088 - 0.003T,. - 1.308(LogTyse) Tac - 0.052(LogE o) Tac - 0.302(LogEy) 0.950 | 0.045
Log €,c = 0.841 + 1.334LogD, 0.839 D..l 14
Log SSR =-2.080 + 1.189LogD, 0.804 | 0.114

€,c= Strain in the AC (microstrain)

Tsc = Thickness AC (inches)

Ty = Thickness of granular base (inches)

E,c = Resilient modulus of AC (ksi)

Ej; = Breakpoint resilient modulus of subgrade (ksi)
SD.= Subgrade deviator stress (psi)

SSR = Subgrade stress ratio (SD/unconfined compressive strength)
D, = Surface deflection at center of load (mils)

- D =Deflection at top of subgrade at center of load (mils)- - - .
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Table 15. ILLI-PAVE FULL-DEPTH pavement résponsé algorithms for the

Beecheraft King Air B200.

Response Algorithm

R2

SEE

Log €0 =5.518 - 1.563L0gT,c - 0.751LogE,c - 0.083LogExy;

0.994

0.034

Log SD = 2.323 - 1.125LogT,c - 0.439LogE,¢ + 0.375LogEg;

0.936

0.084

Log Dy = 3.003 - 0.852LogT,c - 0.418LogE,c - 0.259L0gEx

0.987

0.031

LogDg = 2.957 - 0.996LogT ¢ - 0.365LogE,c - 0.285LogEg;

0.985

0.034

Log SSR =1.530 - 1.125LogT,¢ - 0.439LogE,¢ - 0.279LogEg

0.929

0.084

Log €,c= 0.614 + 1.525LogD,

0.863

0.161

Log SSR =-1.863 + 1.092LogD,

0.884

0.105

€,c= Strainin the AC (microstrain)

Tsc = Thickness AC (inches)

E,c = Resilient modulus of AC (ksi)

E; = Breakpoint resilient modulus of subgrade (ksi)
SD = Subgrade deviator stress (psi)

D, = Surface deflection at center of load (mils})
- Dg =Deflection at top of subgrade at center of load (mils)

Table 16. Summary of data and analysis for Pontiac

(for 9,000 Ib normalized load).

S‘SRT’S-ubgradestress—ratio—(—SD/—unc—:onfmedxompressiysstength)r

Max. Deflection (mils) By (ksi)

Featwre | \eon | sd | cov | Meam

Dev.

Std.
Dev.

COov

Runway | 23.6 3.24 14% 8.0

2.50

31%

Taxiway | 15.1 352 | 23% 10.6

2.27

21%

Apron 23.7 4.00 17% 0.26

2.73

30%
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Table 17. Summary of data and analysis for Morris (for 9,000..1b normalized load).

Max. Deflection (mils) Exg; (ksi) E,c (ksi)
Feature
Mean | Std. COV | Mean | Std. COV | Mean Std. Cov
Dev. Dev. Dev.
Runway 9.9 1.65 17% 8.5 2.59 30% 394 106.0 | 27%
Taxiway | 10.6 2.00 19% 8.9 2.28 26% 314 56.4 18%
. ~ Table 18. Summary of results from laboratory testing.
Average Mean AC Resilient Mean Split Mean
Alirport Course Buik Modulus Tensile Slope!
Specific . . Strength
Gravity T0°F WF @ 72°F
Morris | Surface. | 2.319 404 ksi 106 ksi 125psi | -0.029
Composite 2.355 576 ksi 164 ksi 133 psi -0.027
Binder 2.377 679 ksi 205 ksi 150 psi -0.026
Mount Surface 2.277 550 ksi 151 ksi 116 psi -0.028
Sterling | ginder 2.328 308 ksi 61 ksi 134 psi -0.035
Pontiac Surface 2.335 176 kst 49 ksi 106 psi -0.027

1 Log(Eac) = A - Slope*Temperature
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Table 19. Summary of AC pavement thickness designs for King Air B200.

FAA Design Asphalt Institute Design
CBR Conventional FULL-DEPTH Conventional FULL-DEPTH
AC (in) | Base (in) AC (in) AC (in) | Base (in) AC (in)
3 3 13 9.75 5.25 6 7.5
5 3 9 7.75 425 6 6.25
7 3 6.5 6.5 4 6 55
Table 20. Estimated AC mix design temperatures and mix stiffnesses.

) Conventional [Thompson, 1988] FULL-DEPTH [Thompson, 1986]
Location Design Temp. Mix Stiffness Design Temp. Mix Stiffness
Rockford 72°F 650 ksi 77°F 540 ksi

Urbana 76°F 550-ksi 80°F 470‘ ksi
|  Cairo B4oF | 380ksi | 86°F 350 ksi

Table 21. Summary of section information in Access® database.

]r Climatic Region
Central Northern Southern
Feafure PCC | TKAC | TNAC | PCC TKAC | TNAC PCC TKAC | TNAC | Total
AP 3 7 7 9 6 8 5 6 3 54
RW | 2| 6 | 2 6 8 2 3 9 4 42
™ 4 9 6 5 36 19 5 10 5 99
Total 9 22 15 20 50 29 13 25 12 195
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Table 22. Summary of airport information contained in data base.

Airport AID [ClimaticZone Section Feature| Code
Beardstown Kog |C K0B8-AP-NN/2 AP TNAC
Canton CTK |C CTK-RW-08/03 |RW TKAC|.
Canton CTK |C CTK-TW-A/1-03 |TW TKAC
Carbondale MDH [S MDH-AP-58/19 |AP PCC
Carbondale MDH |S MDH-AP-SS/20 AP PCC
Carmi CUL |S CUL-AP-EENM AP PCC
Carmi cuL IS CUL-TW-BH W TKAC
Casey 1H8 |C iH8-TW-B/M-5 |TW TNAC
Casey 148 |C 1HB-TW-B/2-5  |TW PCC
Casey 1H8 |C 1H8-TW-B/5 ™ TNAC
Casey iH8 |C 1H8-TW-C/5 TW TNAC
Centralia ENL |S ENL-AP-WWI/06 |AP PCC
Centralia ENL |S ENL-AP-WW/0S |AP TKAC
Centralia ENL |S ENL-RW-18/13 |RW TNAC
Centralia ENL |S ENL-TW-AM3  |TW TNAC
Dekalb DKB [N DKB-AP-EE/01 |AF TKAC
Dekalb DKB |N DKB-AP-EE/02 |AP  |PCC
Dekalb DKB |N DKB-RW-09/02 [RW TKAC
Dekalb DKB |N DKB-TW-B/03  |TW TKAC
Dekalb DKB |N DKB-TW-B/1-03 [TW TKAC
Dekalb DKB |N DKB-TW-B/2-03 |TW TKAC
Dekalb DKB |N DKB-TW-B/3-03 [TW TKAGC
Dekalb DKB |N DKB-TW-B/4-03 ITW TKAC
Dekalb DKB |N DKB=TW-B/4=04—| TW——|TKAC
Dekalb DKB IN DKB-TW-D/01  |[TW TKAC

_ Dekalb DKB [N DKB-TW-D/1-01 |TW TKAC
: Dixon- —— |C73 |N C73-RW-08/09 |RwW TKAC
~ Dixon C73 |N C73-TW-A/08  |TW TKAC
Dixon Sprgs  |Y51 IS Y51-AP-EE/01  |AP TKAC
Dixon Sprgs Y51 |S Y51-RwW-15/01 |[RW TKAC
Dixon Sprgs. |Y51 |S Y51-TW-A/01 TW TKAC
Dupage DPA N DPA-AP-EE/ AP PCC
Dupage DPA IN DPA-AP-EE/Z  |AP TNAC
Dupage DPA |N DPA-AP-NE/10 |AP PCC
Dupage DPA |N DPA-AP-NW/24 |AP PCC
Dupage DPA N DPA-AP-NW/9 |AP TNAC
Dupage DPA |N DPA-RW-1-R/1 |RW PCC
Dupage DPA [N DPA-TW-T/ TW TKAC
Dupage DPA IN DPA-TW-T/1-1  |TW TKAC
Dupage DPA [N DPA-TW-T/2 T™W TKAC
Dupage DPA |N DPA-TW-T/2-1  |TW TKAC
Dupage DPA |N DPA-TW-T/3-1  |TW TKAC
Dupage DPA [N DPA-TW-T/4-1 |TW TKAC
Dupage DPA [N DPA-TW-T/5-1 |[TW TKAC
Dupage DPA [N DPA-TW-X/1 TW PCC
Dupage DPA |N DPA-TW-X/2-1 [TW pCC
Dupage DPA [N DPA-TW-X/4-1 |TW PCC
Dupage DPA [N DPA-TW-X/6-1 |TW PCC
Effingham 1H2 |8 1H2-AP-NN/01  |AP TKAC
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Table 22. Summary of airport information contained in data base.

Airport AID |ClimaticZone Section Feature| Code
Eiffingham 1H2 S 1H2-AP-NN/C3 AP pPCC
Effingham 1H2 |8 1H2-RW-01/091 |RW TKAC
Effingham 1H2 |8 1H2-RW-01/082 |RW TKAC
Effingham 1H2 |S 1H2-RW-08/08 |RW TNAC
Effingham 1H2 |8 1H2-RW-1111  |[RW pCcC
Effingham 142 |8 1H2-TW-C/11 ™ PCC
Fairfield 2H3 |S 2H3-RW-09/03 |RW TKAC
Fairfield 2H3 |S 2H3-TW-A/1 W TKAC
Fairfield 2H3 |S ZH3-TW-A/M1-01 |[TW TKAC
Flora He4 |S H84-AP-WW/4 AP TKAC
Flora HB4 |S HB4-RW-3/2 RwW TKAC
Flora Ha4 |[S H84-TW-C/B TW TKAC
Freeport FEP IN FEP-AP-NN/01 [AP TNAC
Freeport FEP IN FEP-RW-08/02 |RW TNAC
Freeport FEP |N FEP-TW-AD4 |TW TKAC
Freeport FEP |N FEP-TW-A/2-01 |TW TNAC
Freeport FEP |N FEP-TW-B/06 |TW TKAC
Freeport FEFP N FEP-TW-C/06  |TW TKAC
Freeport FEP |N FEP-TW-C/1-06 |TW TKAC
Freeport FEP [N FEP-TW-D/D1  |TW TNAC
Freeport FEP N FEP-TW-D/02 |TW TNAC
Freeport FEP |N FEP-TW-D/1-01 |TW TNAC
Freeport FEP N FEP-TW-D/2-01 |TW TNAC
Freeport FEP—IN FEP-TW-D/3-01—TW TNAC
Galesburg GBG |C GBG-AP-NN/14 [AP TKAC
Galesburg GBG |C GBG-AP-NN/8  |AP TKAC
Greenville GRE (S GRE-AP-EE/4 . [AP - |[TNAC|
Grir. Kankakee [IKK [N T lIKK-AP-88/10  |AP TNAC
Grir. Kankakee |IKK [N IKK-RW-04/20 |RW TKAC
Grir. Kankakee [IKK [N IKK-RW-18/01 |RW TKAC
Grir. Kankakee |[IKK [N WKK-TW-AS20 W TKAC
Grir. Kankakee |IKK [N IKK-TW-A/3-22  |TW TNAC
Grir. Kankakee [IKK N IKK-TW-D/22 ™ TNAC
Grir. Kankakee [[KK [N IKK-TW-D/23 TW TKAC
Jacksonville [lJX |C 1JX-AP-88/8 AP PCC
Jacksonvile {IJX |C [X-TW-B/8 ™ TNAC
Joliet PD JOT |N JOT-AP-NW/2 |AP TKAC
Joliet PD JOT |N JOT-AP-NW/4  |AP PCC
Joliet PD JOT [N JOT-TW-BA T™W TNAC
Joliet PD JOT (N JOT-TW-BM-1  |TW TNAC
Joliet PD JOT |N JOT-TW-B/2-1 |TW TNAC
Joliet PD JOT |N JOT-TW-B/3-1 | TW TNAC
Joliet PD JOT IN JOT-TW-C-1/2-2 |TW TKAC
Joliet PD JOT (N JOT-TW-C/2 TW TKAC
Joliet PD JOT [N JOT-TW-C/2-2  |[TW TKAC
Joliet PD JOT IN JOT-TW-C/5 TW TKAC
Joiiet PD JOT N JOT-TW-D/1-1  |TW TKAC
Jaliet PD JOT [N JOT-TW-D/1-6  |TW TKAC
Joliet PD JOT IN JOT-TW-D/2-1  {TW TKAC
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Table 22. Summary of airport information contained in data base.

Airport AID |ClimaticZone Section Feature| Code
Joliet PD JOT |N JOT-TW-D/2-6 |TW TKAC
Joliet PD JOT [N JOT-TW-D/3-6  [TW TKAC
Joliet PD JOT |N JOT-TW-D/6 TW TKAC
Kewanee C07 [N CO7-AP-SE/Q4 [AP TKAC
Kewanee CQO7 [N CO7-AP-SE/06 (AP TKAC
Kewanee C07 |N CO7-RW-09/01 |RW TKAC
Kewanee CO7 N CO7-TW-A/05 ™V TKAC
Lacon C75 |C C75-AP-WW/03 |AP TKAC
Lacon Cc75 |C C75-RW-13/01 |RW TKAC
Lacon C75 |C C75-TW-C/01 TW TKAC
Lansing 3HA N 3HA-AP-NN/Q1  |AP PCC
Lansing 3HA [N 3HA-AP-NN/Q3 {AP PCC
Lansing 3HA N 3HA-AP-NN/O4  |AP PCC
Lansing 3HA [N SHA-AP-WW/02 |AP TNAC
Lansing 3HA IN 3HA-RW-09/02 [RW TNAC
Lansing 3HA [N 3HA-TW-A/D1 T™W TNAC
, |.ansing 3HA [N 3HA-TW-B/01 TW TNAC
Lansing 3HA [N 3HA-TW-B/1-01 |[TW TNAC
‘ Lansing 3HA N 3HA-TW-B/2-01 |TW TNAC
Lansing 3HA (N 3HA-TW-B/3-01 |TW TNAC
Litchfield 3LF |C 3LF-AP-EENM AP PCC
Litchfield 3LF |C 3LF-AP-EES7 AP TKAC
MaComb MQB |C MQB-RW-08/03 |RW TKAC
; Marion MWA |S MWA-RW-T1/3 [RW PCC
| Marion MWA S MWA-TW-D/1  |TW PCC
i Marion MWA (S MWA-TW-D/1-1 |[TW PCC
) Métropolis™ |M30 |5 M30-RW-18/04 |RW — |TKAC|-
Metropolis M30 IS M30-RW-18/05 |RW TKAC
Mt. Carmel 0z |8 102-AP-NN/01 AP TNAC
Mt. Carmel 102 |S [02-RW-12/01 RW TKAC
Mt. Carmel 02 |S 102-TW-A/06 ™™ TKAC
Mt. Carmel 0z |s 102-TW-AM-02  |TW TKAC
Mt. Camel 102 IS 102-TW-B/01 T™ TNAC
Paris PRG |C PRG-AP-SS/01 [AP TKAC
Paris PRG [C PRG-RW-08/01 |RW TKAC
Paris PRG |C PRG-TW-A/01  |TW TKAC
Paris PRG |C PRG-TW-B/01 ™ TKAC
Pekin C15 |C C15-AP-EE/07 |AP TNAC
Pekin C15 |C C15-RW-09/03 |RW TNAC
Peoria 3MY |C 3MY-AP-EE/3  |AP TNAC
Peoria 3MY |C AMY-AP-EE/S AP PCC
i Peoria 3MY (C IMY-AP-EE/G (AP TKAC
‘r Peoria 3MY |C 3MY-AP-EE/8  |AP TNAC
Peoria 3MY |C 3IMY-RW-17/2  |RW TNAC
Peoria vy (C 3MY-TW-A/3 T™W TNAC
Peoria 3My |C IMY-TW-A/3-1. |TW TNAC
Peru VYS N | VYS-AP-EE/Q1 |AP TNAC
Peru VYS [N VYS-AP-EE/Q2 |AP PCC
Peru VYS [N VYS-AP-EE/04 |AP PCC
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Table 22. Summary of airport information contained in data base.

Airport AID |ClimaticZone Section Feature| Code
Peru VYS |N VYS-AP-EE/GS |AP TKAC
Peru VYS |N VYS-RW-18/01 |RW TKAC
Peru VYS |N VYS-RW-18/02 |RW TKAC
Peru VY8 [N VYS-TW-A/01 TW TKAC
Pickneyville K16 |S K16-AP-WW/01 (AP TNAC
Pickneyville Ki6 |S K18-AP-WW/02 |AP TKAC
Pickneyville Ki6 |S K16-RW-18/01 |RW TKAC
Pickneyville K18 {8 K16-RW-18/02 |RW TNAC
Pickneyville K16 |8 K16-TW-A/02 TW TKAC
Quincy UN |C UIN-RW-04/06 |RW |PCC
Quincy UIN |C UIN-RW-18/011 |RW PCC
Quincy UIN |C UIN-TW-A/08 TW PCC
Quincy UIN |C UIN-TW-B/C1 T™wW PCC
Quincy UIN |C UIN-TW-B/1-01 |TW PCC
Rochelle 12C [N 12C-RW-07/03 |RW TKAC
Rochelle 12C [N 12C-TW-C/01 ™ TNAC
Savanna SFY [N SFY-AP-NW/01 AP TNAC
Savanna SFY [N SFY-AP-WW/01 AP TNAC
Savanna SFY N SFY-TW-B/01 TW TNAC
Shelbyville 2HO |C 2HO0-AP-EE/& AP TKAC
Shelbyville 2H0 |C 2HD-AP-EE/7 AP TNAC
Shelbyville 2H0 |C 2H0-RW-18/9 RW TKAC
Sparta SAR (S SAR-AP-WW/03 |AP TKAC
Sparta 3AR (S SAR-RW-18/03 |RW TNAC
Sparta SAR |8 SAR-TW-B/03 |TW TKAC
St. LouisDT |CPS |8 CPS-RW-12L/24 [RW PCC
St. Louis DT jCPS |8 CPS-TW-B/M-24 |TW |PCC |
St. Louis DT |CPS IS CP3-TW-B/2-24 |TW PCC
St Louis DT {CPS |S CPS-TW-C/10 |TW TKAC
Sterling SQI [N SQIFAP-WWI/01  |AP TKAC
Steriing sSQl [N SQI-AP-WWI1M0  |AP TKAC
Taylorville 31V |C 3TV-AP-EE/04 |AP TNAC
Taylorville 3TV |C 3TV-AP-EE/Q7 |AP TNAC
Taylorville 3TV |C 3TV-RW-18/08 |RW TKAC
Taylorville 3TV |(C 3TV-TW-A/1-08 [TW TKAC
Taylorville 3TV |C 3TV-TW-A2-08 [TW TKAC
Taylorville 3TV C 3TV-TW-A/3-08 |TW TKAC
Taylorville 3TV [C 3TV-TW-A/4-08 |TW TKAC
Taylorville 3TV |C 3TV-TW-A/5-02 |TW TKAC
Vandalia VLA |S VLA-TW-B/7 TW TNAC
Vandalia VLA |8 VLA-TW-D/1-7  {TW TNAC
Vandalia VLA |8 VLA-TW-D/7 TW TNAC
Waukegan UGN [N UGN-RW-14/08 |RW PCC
Waukegan UGN [N UGN-RW-14/08 |RW PCC
Waukegan UGN [N UGN-RW-14/111 |RW PCC
Waukegan UGN [N UGN-RW-14/112 |RW PCC
Waukegan UGN [N UGN-RW-14/14 |RW PCC
Waukegan UGN |N UGN-TW-C/07 | TW TKAC
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Table 23. Linear regression of sample unit and section PCI data.

Region Pavement Based on SUs Based on Sections
Type Model R? SEE Model R? SEE
Northern TNAC Y=100-4.072x | 0.761 | 1579 | Y~=100-3.314x 0.711 12.02
TKAC Y=100-1.775x | 0.304 | 12.13 Y =100 - 1.668x 0.362 10.23
PCC Y=100-1.906x | 0.435 | 17.16 Y =100-1.906x . 0.435 14.62
Central TNAC Y=100-2.506x | 0.610 | 1346 | Y =100-2.825x 0.439 17.67
TKAC Y=100-1.776x | 0.461 | 10.37 Y =100-1916x 0.543 7.66
PCC Y=100-0.355x | 0.000 | 12.89 Y =100 -0.355x 0.000 14.04
Southern TNAC Y=100-2.008x | 0454 | 9.70 Y =100 - 1.984x 0.467 9.52
TKAC Y=100-1979x | 0.484 | 12.89 Y =100~ 1.743x 0.592 11.43
_ PCC Y=100-1469x | 0.367 | 10.58 Y =100 - 1.469x 0.367 9.88

Table 24. Summary of deterioration rates established for AC surface sections.

~ TNAC Section TKAC Sections
Region | AgeRange | Deterioraion | Region | AgeRange | Deterioration |
(yrs) Rate (PCI/YT) (yrs) Rate (PCI/Yr)
Central 1-10 -5.36 Central 1-25 -2.71
11-25 -3.41 Northern 1-5 -2.59
Northern 1-5 -2.23 6-10 -4.47
6-10 -3.57 : 11-25 -2.02
11-20 -6.77 Southem 1-5 -2.83
Southern 1-10 -2.89 6-15 -3.59
11-20 -5.50 16-25 -4.86
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Table 25. Division of PCC sections using L/2

Division! Division2
Size Designation L/¢ Size Designation L/¢
Small <6.5 Small <55
Medium Between 6.5 aﬁd 8.5 Medium Between 5.5 and 6.5
Large > 8.5 Large >6.5

Table 26. Summary of deterioration rates established for Division 1 PCC pavements.

Region Small Slab Medium Slab Large Slab
- (L/¢ <6.5) (6.5<L/t<8.5) (L/¢> 8.5)
Age Range | Deterioration | AgeRange | Deterioration | Age Rangé Deterioration
(yrs) Rate (yrs) Rate (yrs) Rate
(PCLYY) (PCI/YY) (PCI/YT)
Northern_ | 1-10 -1.18 1-10 -2.67 1-5 —10.87
11-20 ~-4.25 11-20 -3.54 6-20 -3.33
—21-25 =7.38
Central 1-10 -0.56 1-15. -0.625 1-5 -7.83
11-15 -1.20 16-25 -2.58 6-15 -15.61
16-40 -0.44
41-45 -2.15
Southern 1-5 -0.76 1-5 -2.25 1-10 -6.22
6-15 -1.74 6-20 -1.67 11-20 -2.0
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Table 27. Summary of deterioration rates established for Division 2 PCC pavements.

Region Small Slab Medium Slab Large Slab |
Lt <5.5) (5.5<LK<6.5) LIe>6.5)
Age Range | Deterioration | AgeRange | Deterioration | AgeRange | Deterioration
(yrs) Rate (y15) Rate (yrs) Rate
{PCI/Y1) (PCI/¥YT) (PCI/'YT)
Northern | 1-5 -0.97 110 | 267 1-5 -4.40
620 296 11-20 -3.54 6-10 -2.80
21-25 738 11-25 -3.83
Central | No Data 110 -0.56 1-25 374
11-15 -1.20
16-40 -0.44
41-45 2.15
Southern |  1-5 -0.55 1-5 0.97 1-10 334
6-15 -1.26 610 | -3.66 11-20 -1.65

Table 28. Summary of section information included in rehabilitated section-;fddy'.ﬂ ﬁ

Climatic Region
Central Northern Southern
Feature PCC | TKAC | TNAC | PCC | TKAC | TNAC PCC TKAC | TNAC Total
AP | 1 | 4 | 8 0 1 7 | 2 | 1 9 | 33
RW 1 4 11 2 2 13 2 1 21 57
™W 0 5 11 1 3 7 1 1 15 44
Total 2 13 30 3 6 | 27 5 3 45 134
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Table 29. Summary of pavement age in years at time of rehabilitation.

Pavement Central Climatic Region Northern Climatic Region Southern Climatic Region
Type Mean | STDEV | COV Mean | STDEV | COV Mean | STDEV | COV
PCC 39.0 1.41 3.6% 23.0! 0.00 0.0% 36.8 11.10 302

TKAC "21.0 3.37 16.0% 14.5 3.02 20.8% 14.7 2.08 14,2

TNAC 15.2 6.20 40.9% 16.5 5.85 35.4% 17.2 9.5 55.6

! Note: This mean is based on the average of three sections at Dupage, two of which were
built and overlaid at the same time.

Table 30. Summary of pavement life predictions assuming terminal PCI of 70.

Climatic TNAC TKAC PCC Sections
Zone Small Slab | Medium Slab | Large Slab
‘Northern 10 yrs 8 yrs 14 yrs 11 yrs : 3 yrs
Central 6yrs - 12 yrs 40+ yrs 23 yrs 4 yrs
————|{—Southern 10.yrs Oyrs —  20yrs—{ 16yrs | Syrs | -

Table 31. Summary of AC sample units inspections used in analysis.

Age TNAC | TKAC
o) Central | Northem | Southem Total Central | Northern | Southermn Total
1-5 116 243 57 416 50 138 72 260
6-10 75 185 58 318 38 74 74 186
11-15 113 25 78 216 26 1843 60 129
16-20 118 8 56 182 12 1718 19 49
21-25 0 12 31 43 14 17 0 31
26-30 0 0 0 0 . 4 0 0 4
Total 422 473 280 1175 144 290 | 225 659
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Table 32. Load Code distribution according to pax}ement type.

Pavement Type - Load Code (Number of Sample Units)
Low’ Medium High Total
TNAC 339 231 13 583
TKAC 703 513 35 1251
‘PCC 201 554 176 931
Total 1243 1298 224 2765

Table 33. Percent sample units affected by alligator cracking for different Load Codes.

Percent Sample Units Affected for Each Load Code

[S)‘Stre.ss TNAC TKAC
everity

Low Medium - High Low - Medium High

Low 7.87% 15.07% 0.00% 10.54% 7.99% 6.82%

[ Medium—[——3.55% | 3.55% | 0:00% | 1.52% 2:24%—|—0.00%

High 0.76% 0.76% 0.00% 0.12% 0.00% 0.00%
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Table 34. Summary of PCC sample units in5pections used in

analysis.

Age PCC

O1) | Cenral | Northem | Southern Total

1-5 5 94 87 186
6-10 10 42 101 153
11-15 44 46 18 128
1620 60 47 53 160
2125 60 50 0 110
26-30 5 2 0 29
36-40 | 89 0 0 89
41-45 76 0 0 76
Total 349 303 279 931

_ . Table 35. Number of Division 1 sample units according to slab size and Load Code.

Load Division 1 Slab Size

Code Small Medium Large Total

Low 176 11 14 201
Medium 404 150 0 554

Large 17 129 30 176

Total 597 290 44 931
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Table 36. Percent PCC sample units affected by distress for-different Load Codes.

Distress Low Load Code Medium Load Code ‘High Load Code
Type |Severiy| Large {Medium| Small | Total |Medium| Small | Total | Large | Medium| Small | Total
Corner |L 29%| 18%| 5% 7%| 19%! 2%| 7%| 7%| 11%| 6%| 10%
Breaking M - 14% 0%| 2%| 2% 6% 0% 2% 10%| 2%| 0%| 3%
H 0% 0%| 0%| 0%| 0% 0% 0% 7% 0% 0%| 1%
Corner |L 21% 9%]| 19%| 18%| 35%| 24%| 27%| 37%| 26%| 0%| 26%
Spaling |M 7% 0%] 8%| 7%| 33%( 7%| 14%| 20% 9%| 0%| 10%
H 0% 0%| 1%| 1%| 9%{ 0% 3% 13% 0%| 0%| 2%
Faulfing |L 36% 0%| 3%| 5% 3%| 3% 3% 20% 5% 0%| 7%
M 7% 0% 1% 1%| 2%{ O0%| 1% 17% 1%| 0% 3%
Joint L B4%| 55%| 24%| 28%| 31%| 20%| 30%| 37%| 45%| 6%| 40%
Spaling |M 50% 0%| 14%| 15%| 25%| 13%| 16%| 17%| 34%| 0%| 28%
H 14% 0%| 1%| 2%| 9%| 1%| 3% 10%| 1%| 0% 2%
LT&D |L 93% 0%| 24%| 28%| 51%| 11%| 22%, 60%| 61%| 0%| 55%
Cracking |M 36% 0%| 11%)| 12%| 39%| 7%| 168%; 70%| 43%| 12%| 44%
' H 0% 0%| 2%| 2%| 4%| 1%| 2% 0% 1%| 0%| 1%
Pumping |L C 7% 0%| 3%| 3% 1% 2% 1%| 0% 1% 0% 1%
Shattered L ~ 29% 0%| 0% 2% 7%| 0%| 2%| 50%| 14%| 0%| 19%
Slab M 14% 0%| 0%| 1%| 6% 0% 2%| 20%|{ 2%| 0%| 5%
B H 0% 0%| 0% 0% 1% 0% 1%| 10% 1%| 0% 2%
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Figure 4. Asphalt Institute design chart for untreated base [AI, 1987].
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EXPANSION JOINTS

DETAIL | NON~EXTRUDING PREMOLDED COMPAESSIPLE MATERIAL
DETAIL | =™
17!: ta/2
T+i"{2.5cm)
3 12em)
PAINT AND OIL ONE END OF DOWEL NG TRICRNESS NCREASE

TYPE A DOWELED TYPE B THICKENED EDGE  RECUIRED FOR DESIGNS

OF 12,500 LES(5700K4.) OR

LESS.

CONTRACTION JOINTS

DETML 2 DE;A_I\L)Z; : DETAIL £
f"\/

B TEEE ] Y 3

LOEFORNED TIE BAR

TTPE € HINGED TYPE D DOWELED ' TYPE E DUMMY
CONSTRUGTION JOINTS NOTE:
na'rm. 3 DETAIL 3 "I FOR DETAILS 1,2, 8 3 SEE NEXT
- ool PAGE.
im *m 2, ALL DOWELS 3/4 [19mm} OIA,
18" {46 ¢m) LONG, SPACED 12"
U7 TsTamiizes susease ¢ 130cm) ON CENTERS.
PAINT AND OIL ONZ END GF DOWEL 1, ALL TIE BARS NO.4 DEFORMED

~ TYPE F DOWELED TYPE G BUTT JOINT BARS 20"(51cm) LONG, SPACED
36"(0,9m) ON CENTERS,

Figure 5. Jointing details provided in FAA AC 150/5320-6C [FAA, 1978].
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Figure 6. omtmg plans and details for 50' wide pavement provided in
Engineering Brief No. 27 [FAA, 1981].
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Figure 7. Jointing plans and details for 60' wide pavement provided in
Engineering Brief No. 27 [FAA, 1981].
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Figure 10. Selection of minimum number of sample units to be inspected [FAA, 1982].
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Figure 11. Corrected deduct values for AC surfaced pavements [FAA, 1982].
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Figure 12. Corrected deduct values for jointed PCC pavements [FAA, 1982].
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STEP 1. DIVIDE PAVEMENTS INTO FEATURES.

STEP 2. DIVIDE PAVEMENT FEATURE INTO SAMPLE UNITS. STEP 8. DETERMINE PAVEMENT
CONDITION RATING
STEP 3. INSPECT SAMPLE UNITS; DETERMINE DISTRESS TYPES OF FEATURE.

AND SEVERITY LEVELS AND MEASURE DENSITY.

o] NATING.

L

r: 1
/ /c_ LIGHT L & T CRACKING
MEDIUM ALLIGATG —S E /

L DA R

N EXCELLEMT

STEP 4. DETERMINE DEDUCT VALUES
 yoo—L 4T CRACKING 100 ALLIGATOR coon
H 1]
w w
3 ; " AR
g >
5 L
h MOR
g g p -
o P !
0.1 DENSITY PERCENT 100 DENSITY PERCENT 100 A
{LDG SCALE) (LOG 5CALE}

STEP 5. COMRUTE TOTAL DEDUCT VALUE {TDV) s + b,
STEP 6. ADJUST TOTAL DEDUCT VALUE

100
E
d
e
o] (oL A
2
3 g a * NUMBER OF ENTRIES
§ 2 WITH DEDUCT VALUES
o OVER § POINTS.
o i
0 TDOV=a+h f&: 200

TOTAL DEDUCT VALUE

STEP 7. COMPUTE PAVEMENT CONDITION INDEX
(PC!) = 100 - CDV FOR EACH SAMPLE
UNIT INSPECTED.

STEP 8. COMPUTE PCI OF ENTIRE FEATURE {AVERAGE PCI'S OF SAMPLE UNITS).

Figure 13. Steps for determining PCI of a pavement feature [FAA, 1982].
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FtEXIEtE HVEHENT -
CONDITION SURVEY DATA 1ﬁ_EET FOR SAMPI{E UNIT
AIRPOAT ATE
WORLD INTERNATIONAL 526019
FACIHLITY FEATURE SAMPLE UNIT
TXY E -1
SURVEYED AY AREA OF SAMPLE
JH/DE 5000 5Q FT
DISTAESS TYPES SKETCH:
1. ALLIGATOR CRACKING 10. PATCHING 100"
2. BLEEDING 4. POLISHED AGGREGATE —
3. BLOCK CAACKING 12. RAVELINGAWEATHERING
4. CORRUGATION 13, RUTTING
5. DEPRESSION 14, SHOVING FROM PCC - ¢
6. JET BLAST 15. SLIPPAGE CRACKING 3
7. JT. REFLECTION {PCC) 16. SWELL
8. LONG. & TRANS, CRACKING
9. CILSPILLAGE
/ I EXISTING DISTRESS TYPES
/ 1 s 8 12
AXAM EX4L 0L AX10M
2X3L ' 5L
A 5L
/ M
0L
— &M
%
o 85QFT 450 FT 0 FT
4
gu M 185Q FT 10 FT 30 5Q FT
Qi
Ful|d
PCI CALCULATIGN
DISTRESS DENSITY DEQUCT
TYPE SEVERITY % VALUE
1 L 0.22 7
) M 032 " PCI » 100 ~ CDV = 76
5 L 0.48 2
8 L 0.60 5
] M 020 s
12 M 0.60 RATING = VERY GOOD
DEDUCT TOTAL a5
CORRAECTED DEDUCT VALUE {CDV) 25

Figure 14. Condition survey inspection form for AC surfaced pavements [FAA, 1982].
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JOINTED RIGID PAVERENT
CONDITION SURVEY DATA SHEET FOR SARPLE UNIT
AIRPORT DATE
WORLD INTEANATIONAL 85/28/79
FACILITY . FEATURE SAMPLE LINIT
RWY 9-27 [, 12
SUAVEYED BY SLAR SIZE
JH/DE 126 XI5 FT
L) . * ® ® .
DISTRESS TYPES
10 .
1. BLOW-UP 10, SCALING/MAP
* . . ° . 2. CORNER BREAK CRACK/CRAZING
3. LONGITUDINALS 11, SETTLEMENT/
9 TRANSYERSES FAULT
DIAGONAL 12, SHATTERED
- CRACK SLAR
. . * ¢ . 4. “D” CRACK 13. SHRINKAGE
5. JOINT SEAL CRACK
8 DAMAGE ‘ 14, SPALLING —
8. PATCHING, <K FT2 JOINTS
. -
d . . . 7. PATCHING! 8. gz:‘#:e
UTILITY CUT
7 8.-POPOUTS
9. PUMPING
- . . o .
DIST. NO. peENSITY | DEDUCT
DIRECTION OF SUAVEY TYPE SEV. SLABS = VALUE
[ 1 : 125 S R
I 2 L 1 -] &
4 9-
2 L 3 15 1
[ M 18 3 M 1 [ "
r h [ L] 1 ] 7
12 . 1 B 10
4 3L 12L 15 L 2 10 3
f —4———|
2L
3 aL 18L
&
2 10M aL
: DEDUCT TOTAL .
T T CORRECTED DEDUCT VALUE [COV) a2
3 15L . PCI =100 — CDV ~ L
ﬁ RATING = aoon
[ § ' —& )
1 2 3 4

Figure 15. Condition survey inspection form for PCC surfaced pavements [FAA, 1982].
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Pavement Configeration and
Boundry Canditions

1. Number of Layers

2. Thickness ,————*
3. Type of Materiais

Tetrinsic 4. Unit Weight Material Mode!
Climatic : §. Latation of Water Table 1. Asphall Stifiness Model
Input Data 2. Base and Subase

1 Material Theimal aod 3 :::“:»:’:1: ::filili::tmdel Structaral Matesial Propertins
N Maisture Properties g 1. Frozen and Unirazen
Climatic Madels L Modulus Mods " Dt
1. Thermal Conductivily Resilient Modulus
1. Temperature Model — 3" yeat Capacity ____| 2 poisson's Ratie
2. Moisture Model 3. Latent Heat 3. Thaw Reduvction Factar
{ 4. Hydraulic Canduelivity _ 4. Matulus Recovery Length
Thermal and Meisture
Dutput Material Stiffness Oafput
1, Temperature distribution 1. Asphalt Stiffness Profile With Time
with—Time—— = 2-Base-and-Subase-Resitient-Modutus-WithTime
2. Temperature Range 3. Subgrade Resilient Modulus With Time
1. Temperature Cycles 4, Poisson’s Ratio With Time
4. Moisture Content ' 1
st e i Byivinianipdnsi
Magnitode of Repetiti . .
agnitade of Repetitions 2. ILLL.PAVE Model
l b. ILLLPAVE Algorithm
2. Elastic layer Analysis
Pavement Performance Models 1. YESTS
1. Fatigue Wodel - ;
2. Ruttiog Madel
Structural Dutput
Rase axd Subgrade | 1. Stress
Drainsgs Madel . . .
[Task C} Design and Coastruclion 1. Strain

Figure 16. Schematic of C-M-S Model incorporated with structual analysis and pavemeﬁt
performance models [Dempsey, 1986].
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Figure 17. Illinois map showing the five administrative regions.
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Allowable Passes Based on AC Fatigue for FAA and Al Conventional Designs
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Figure 18. Estimated FAA and AT fatigue lives for conventional AC pavements.
~ Allowable Passes Based on AC Fatigite for FAA and Al Full-Depth Designs
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Figure 19. Estimated FAA and Al fatigue lives for FULL-DEPTH AC pavements.
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Critical Tensile Stress {psl)

Critical Flexural Stresses In PCC Based on ILLI-SLAB Analysis (Eppc = 3,000,000 psi)

550.0
Load and Curl Stresses fork =100 |
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e m = omAm === .=
e-=""""
450.0 Load and Cor Stresses for K = 500 pel |
L A e et " r=="="fr==waa= F =5 == - bhmmmna . [ ]
400.0
bad Siresses for K = 100
a [1]s1]
350,0
Load Stresses for k = 500 i
300.0 ot
250.0

12 . 13 14 15 15 17 18 19 20
: Slab Length (f) .

Figure 20. Calculated free edge tensile stresses from ILLI-SLAB for Epc = 3,000,000 psi.

Critical Tensile Stress (psi}

Critical Flexural Stresses In PCC Based on ILLI-SLAB Analysis (Epcc = 4,000,000 psi)
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Figure 21. Calculated free edge tensile stresses from ILLI-SLAB for Epe. = 4,000,000 psi.
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Critical Flexural Stresses In PCC Based on ILLI-SLAB Analysis (Epce = 5,000,000 psi)

650.0
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Figure 22. Calculated free edge tensile stresses from ILLI-SLAB for Epe = 5,000,000 psi.

_ . o 7 _ Gritical Flexural Stresses In PCC Based on ILLI-SLAB Analysis [Epce = 4,000,000 psi, 25% L-T)
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Figure 23. Calculated critical edge tensile stresses assuming a stress load transfer efficiency of
25% (Epee = 4,000,000 psi).
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Passes to Failure Using Fatigue Relationships (Epcc = 4,000,000 psi}
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Figure 24. Estimated allowable passes for Epc = 4,000,000 psi.
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- Figure 25. Curling stress coefficients [Bradbury, 1938].
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Allowable Passes

Passes to Faflure for Various Slab Length Using Calibrated Mechanistic Design Equation

(Epcc = 4,000,000 psi)
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Figure 26. Slab length versus estimated ailowable passes (Epcc = 4,000,000 psi).
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Figure 27. Comparison of ILLI-SLAB to regression model solutions for

load induced stress.
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Maximum Tensile Stress Calculated by Algorithm {psi
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Figure 28. Comparison of [LLI-SLAB to regression model solutions for
combined loading and curling stress.
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Figure 29. Estimated allowable passes for 4-in and 5-in thick PCC.
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Comparison of Curling Stresses for Different Aggregate Types
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Figure 30. Comparison of curling stresses calculated for PCCs made from siliceous gravel and

limestone.
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Figure 31. The three typical sections examined in this study.
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Layout of Access Data Base
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Figure 32. Layout of Access data base.
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Figure 33. Distribution of construction dates for all TNAC sections evaluated.
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Construction Dates for All TKAC Sections Evaluated in this
Study '
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Figure 34. Distribution of construction dates for all TKAC sections evaluated.
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Figure 35. Distribution of construction dates for all PCC sections evaluated.
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Construction Date of PCC Sample Units According to Slab Size
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Figure 36. Construction date distribution for PCC sections in the data base according to
slab size.
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Figure 37. Distribution of construction dates for all TNAC, TKAC, and PCC sections evaluated.

183




Age Distribution of Sections in Data Base
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Figure 38. Distribution of construction dates for TNAC, TKAC, and PCC sections in
data base.
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Figure 39. Sampie unit PCI versus age for TNAC pavments.
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TKAC: PCl vs Age Based On Sample Units (All Data)
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Figure 40. Sample unit PCI versus age for TKAC pavements.
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Figure 41. Sample unit PCI versus age for PCC pavement,
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Figure 42. PCI versus age for TNAC sections.
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Figure 43. PCI versus age for TKAC sections.
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Figure 44. PCI versus age for PCC sections.
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Figure 45. The effect of slab length on average sample unit PCL.

187




PCl versus Age for Pavement Sections at Effingham;
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Figure 46. PCI versus age for sections at Effingham.
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Figure 47. Section performance curves for TKAC in the northern climatic zone.
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Pavement Performance Trends Established for TNAGC
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Figure 48. Pavement performance trends for TNAC.
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Deterioration Trends for Northem THAC
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Figure 50. Section data and the pavement performance trends for TKAC in northern
climatic zone.

L/l Versus Modulus of Subgrade Reaction for Different Slab Lengths
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Figure 51. The relationship between L/l and the modulus of subgrade reaction for a 6-in
thick PCC slab.
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Deterioration Trends for PCC in Nerthern Climatic Zone
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Figure 52. Deterioration trends for Division 1 slab size in the Northern Climatic Zone.
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Figure 53. Deterioration trends for Division 1 slab size in the Central Climatic Zone.
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Deterioration Trends for PCC in Southern Climatic Zone
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Figure 54. Deterioration trends for Division 1 slab size in the Southern Climatic Zone.

Division 2 Slab Deterioration Rate in the Northern Climatic Zone
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Figure 55. Deterioration trends for Division 2 slab size in the Northern Climatic Zone.
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Division 2 Slab Deterioration Rate in the Central Climatic.Zone
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Figure 56. Deterioration trends for Division 2 slab size in the Central Climatic Zone.

Division 2 Slab Deterioration Rate in the Southern Climatic Zone
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Figure 57. Deterioration trends for Division 2 slab size in the Southern Climatic Zone.
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Northern TNAC: Percent Sample Units Affected by Distress
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Figure 58. Percent TNAC sample units affected by distress in Northern Climatic Zone.

M severity

iV
/=
3

N E Gugny

‘ g BuyaLyEai pue Buysrex

3hi!

Gupjaesn eue Bumed

_W ’ Bupyoied
5 #bu|ds Jlo

j
d supoers 127

\ s ﬁ uogelnuon

\
\ \ ﬁ mﬁ uosssadeq
‘ ﬁ Hﬁ BuppEI0 Y0018

Central TNAG: Percent Sample Units Affected by Distress

70,00%:

Pistress Type

ﬁ Buppsaig

i
13
Bupioess Jojed(ry

R R
5 5 5 B B &8 8
) ] : ; i o 2o
2 § ¢ 8 & ¥
pajoayy syun sjduleg Jusaiad

Figure 59. Percent TNAC sample units affected by distress in Central Climatic Zone.
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Figure 60. Percent TNAC sample units affected by distress in Southern Climatic Zone.

Figure 61. Percent TKAC sample units affected by distress in Northern Climatic Zone.
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Central TKAC: Percent Sample Units Affected by Distréss
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Figure 62. Percent TKAC sample units affected by distress in Central Climatic Zone.

Southem TKAC: Percent Sample Units Affected by Distress
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Figure 63. Percent TKAC sample units affected by distress in Southemn Climatic Zone.
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Figure 64. Percent TNAC sample units affected by alligator cracking.
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Figure 65. Percent TKAC sample units affected by alligator cracking. .




100.00%

~ Block Cracking in TNAC Sample Units

80.00% 1

80.00%

D Northern

Bcentral
Hgouthem

70.00%

60.00%

50.00%

40.00%

Percent SUs Affected

30.00%

20,00%

10.00%

0:00%

6-10

-5
Age Range (YTs)

Figure 66. Percent TNAC sample units affected by block cracking.
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Figure 67. Percent TKAC sample units affected by block cracking.
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Percent Area Affected

Figure 68. Percent of sample unit area affected by alligator cracking in all regions.
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.

.

7

115 1620
Age Range (Yrs)

189

2125




Deapressions in TKAC Sample Units
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Figure 70. Percent TKAC sample units affected by depressions.
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Figure 71. Percent TNAC sample units affected by L & T cracking.
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Figure 74. L. & T cracking density for TNAC in the Northern Climatic Zone.
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Figure 75. L & T cracking density for TKAC in the Northern Climatic Zone.
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0il Spillage in TNAC Sample Units
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Figure 76. Percent TNAC sample units affected by oil spillage.
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Figure 77. Percent TKAC sample units affected by oil spillage.
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Paving Lane Cracking in TNAC Sample Units
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Figure 78. Percent TNAC sample units affected by paving lane cracking.
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Figure 79. Percent TKAC sample units affected by paving lane cracking.
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Average Density of Sample Unit Paving Lane Cracking

Figure 81. Average density of TNAC paving lane cracking in the
Central Climatic Zone.
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Figure 82. Average density of TKAC paving lane cracking in the Central Climatic Zone.
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Large Siab: Percent Sample Units Affected by Distress in Northern Glimatic Zone
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Figure 83. Percent largé slab sample units affected by distress in Northern Climatic Zone.

Large Slab: Percent Sample Units Affected by Distress in Central Glimatic Zone
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Figure 84. Percent large slab sample units affected by distress in Central Climatic Zone.
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Large Slab: Percent Sample Units Affected by Distress in Southern Ciimjatic Zone
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Figure 85. Percent large slab sample units affected by distress in Southern Climatic Zone.
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Northern Climatic Zone,
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Figure 87. Percent medium slab sample units affected by distress in
Central Climatic Zone.
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Figure 88. Percent medium slab sample units affected by distress in
Southern Climatic Zone.
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Small Slab: Percent Sample Units Affected by Distress in Northern Climatic Zone
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Figure 89. Percent small slab sample units affected by distress in

Northern Climatic Zone.
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Figure 90. Percent small slab sample units affected by distress in

Central Climatic Zone.
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Small Slab:Percent Sample Units Affected by Distress in Southern Climatic Zone
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Figure 91. Percent small slab sample units affected by distress in
Southern Climatic Zone.

Percent Sample Units Affected by Corner Breaks in the Northern Climatic Zone
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_ Figure 92. Percent sample units affected by corner breaks in the
! Northern Climatic Zone.
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Figure 93. Percent sample units affected by corner breaks in the
Central Climatic Zone.
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Figure 94. Percent sample units affected by corner breaks in the
Southern Climatic Zone.
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Percent Sample Units Affected by Corner Spalling in Northern Climatic Zone
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Figure 95. Percent sample units affected by corner spalling in the
Northern Climatic Zone.
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Figure 96. Percent sample units affected by corner spalling in the

Central Climatic Zone.
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Figure 97. Percent sample unit affected by corner spalling in the

Southern Climatic Zone.

Percent Sample Units Affected byJoint Spalling in Northern Climatic Zone
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Figure 98. Percent sample units affected by joint spalling in Northern Climatic Zone.
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Figure 99. Percent sample units affected by joint spalling in Central Climatic Zone.
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Figure 100, Percent sample units affected by joint spalling in Southern Climatic Zone.
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Percent Sample Units Affected by D-Cracking in Northern Clitnatic Zone
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Figure 101. Percent sample units affected by D-cracking in Northern Climatic Zone.
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Figure 102. Percent sample units affected by D-cracking in Central Climatic Zone.
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Figure 103. Percent sample units affected by D-cracking in Southern Climatic Zone.

Percent Sample Units Affected byJoint Seal Damage in Northern Climatic Zone
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Figure 104. Percent sample units affected by joint seal damage in
Northern Climatic Zone.
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Percent Sample Units Affected byJoint Seal Damagé in Central Climatic Zone
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Figure 105. Percent sample units affected by joint seal damage in
Central Climatic Zone.
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Figure 106, Percent sample units affected by joint seal damage in
Southern Climatic Zone.
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Percent Sample Units Affected by L, T, & D Cracking in Northem Climatic Zone
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Figure 107. Percent sample units affected by L, T, & D cracking in
Northern Climatic Zone.
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Figure 108. Percent sample units affected by L, T, & D cracking in
Central Climatic Zone.
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Percent Sample Units Affected

Petcent Sample Units Affected by L, T, & D Cracking in Southern Climatic Zone
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Figure 110. Percent sample units affected by shattered slabs in the
Northern Climatic Zone.
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Percent Sample Units Affected

Percent Sample Units Affected by Shattered Slabs in Central Climatic Zone
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Figure 111. Percent sample units affected by shattered slabs in the
Central Climatic Zone.
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Figure 112. Percent sample units affected by shattered slabs in the
Southern Climatic Zone.
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APPENDIX A: DEVELOPMENT OF ILLI-PAVE-BASED ALGORITHMS FOR
CONVENTIONAL AND FULL-DEPTH ASPHALT CONCRETE |

GA AIRPORT PAVEMENTS

This appendix describes the development of ILLI-PAVE-based pavement response
algorithms for conventional and FULL-DEPTH AC pavements for GA airports. The

response algorithms were derived from a pavement response data base created using the ILLI-

PAVE finite element structural model. The methodology employed is similar to that used in

the past to develop mechanistic pavement design schemes for roadway pavements [Elliot,

1985][Thompson, 1988][Gomez, 1984][Thompson, 1986].

ILLI-PAVE is a finite element structural model that considers the pavement to be a
axisymmetric solid of revolution [Raad, 1980]. This is shown in Figure A.1. ILLI-PAVE

considers nonlinear, stress-dependent resilient behavior models and failure criteria for

granular materials and fine-grained soils [Raad, 1980][Figueroa, 1979][Hoffman, 1981}. In

this study, the ILLI-PAVE PC Version was utilized [TFG, 1990].
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Figure A.1. ILLI-PAVE’s cylindrical solid of revolution [Elliot, 1985].
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To mode! the dual wheel gear configuration of the Beecheraft King Air B200, it was
assumed that the total main gear load was approximately 10,600 Ibs, placing 5,300 1bs on each
dual whee! assembly. Assuming a tire pressure of 105 psi, the total contact area was
calculated at 50.5 in®. This results in an assumed single equivalent circular contact area (a)

having a radius of 4.0 in.

The Standard Structure feature of ILLI-PAVE was used to compute a finite element
mesh having the required accuracy. In this routine, the mesh has a width equal to 12 times the
radius of the loaded area and a depth equal to 50 times this same radius [TFG, 1990]. This
configuration ensures stress and strain resolution of acceptable accuracy at the top of the
subgrade. The Standard Structure feature generates meshes that are satisfactory for most
typical pa;fement systems, eliminating the need for mesh input by the user. An example of a

standard section generated for a 6 in radius is shown in Figure A.2

The resilient behavior of granular and fine-grained materials must be considered in the

structural analysis of flexible pavements. The most commonly used method to characterize

resilient behavior is the resilient modulus as defined in Equation A.1.

ER =0p /64 Equation A.1

Where: Ey = resilient modulus
op = repeated deviator stress
gg = recoverable axial strain

Both granular and fine-grained materials show stress-dependent resilient behavior. Granular
materials become stiffer under increasing stress. This is referred to as stress hardening.

Figure A.3 shows an example of this behavior. Fine-grained subgrade soils show the opposite
behavior, becoming less stiff under increasing stress levels. This is xeferred' to as stress

softening. Figure A.4 demonstrates a typical example of this behavior.
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200

8

i~
w 7
L ®
2
B i
E o :V{
o I )/

%0 P

Eq=x 2182 90807
10

10 W0 30 40 S0 €0.70 &0 100 200
- g d'|'|' 20'3. psi
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ILLI-PAVE allows each type of stress dependent behavior to be modeled. For
granular materials, the resilient modulus is considered a function of the applied stress state

according to the relation shown in Equation A.2 .

E = KB" | Equation A.2

Where: Ey is the resilient modulus
K and n are experimentally derived factors

0 is the first stress invariant equal to 6, + 0, + G

Rada and Witczak did a extensive statistical study of E;-8 relationships for a wide
range of granular materials [Rada, 1981]. Based on this study, the values of K and n were set
at 5000 and 0.5 in this study. The granular material properties used in the ILLI-PAVE

analysis are presented in Table 13 in the .

For fine-grained soils, the stress-dependent relationship used is the arithmetic model

[Thompsox, 1979]. AR idealization of this model is shown in Figure AS{TFG 1990} In
Figure A.5, KTWO cotresponds to the “breakpoint™ resilient modulus (Eg;), which typicaily

occurs at a KONE equal to 6 psi. The stress dependent behavior of a fine-grained soil is
characterized through a the bilinear curve. In this study, four fine-grained subgrades were
analyzed (very soft, soft, medium, and stiff). The properties used in the ILLI-SLAB analysis
are presented in Table 13 of this report.

ILLI-PAVE also features a stress adjustment routine to account for the shear strength
limitations present in granular and fine-grained materials [Elliot, 1985].‘ An iterative approach
is applied that adjusts the predicted stress levels to prevent a violation of the Mohr-Coulomb

failure envelope. In this way, a more realistic selection of resilient modulus values is selected.

‘The properties of the AC at three temperatures (40°F, 70° F, and 100° F) are present in

Table 13 in the report. The AC layer is represented with a constant linear resilient
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Figure A.5. Idealization of the arithmetic model of fine-grained soil resilient behavior used in
the ILLI-PAVE model [TFG, 1990}].

modulus. The AC material properties selected are considered consistent with the range of

materials and temperatures expected in Illinois. -

ILLI-PAVE was executed for conventional flexible sections having AC thicknesses of
2, 3, 4, and 6 in and granular base thicknesses of 6,9, and 12 in. FULL-DEPTH AC sections
of 4, 6, 8, and 10 in were also investigated. Relevant ILLI-PAVE response parameters
calculated for conventional and FULL-DEPTH AC pavements subjected to King Air 200
loading are presented in Tables A.1 and A.2, respectively. The variables are defined as - -

follows:

CODE Identification code:  VSoft - Very Soft Subgrade
Soft - Soft Subgrade
Med - Medium Subgrade
Stiff - Stiff Subgrade
Conv - Conventional Pavement
FD - Full Depth AC Pavement
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THICKAC
MODAC
THICKBS
ERI
SURFDEF
SGDEF
ACSTRAIN
SIGMAL
SIGMA3
DEVSTRSS

SGUNCNFD

Thickness of AC layer

Modulus of Elasticity of AC layer

Thickness of granular base

Subgrade breakpoint resilient modulus
Surface deflection at the center of load
Deflection on top of subgrade directly beneath load
Maximum radial strain at bottom of AC layer
Maximum subgrade vertical stress

Maximum subgrade confining stress
Maximum subgrade deviator stress

Subgrade unconfined compressive strength

Subgrade stress ratio (DEVSTRSS/SGUNCNFED)

inches
ksi

inches

mils.

mils
Microstrain
psi

psi

psi

psi

Plots of the pavement response parameters make it immediatél-y clear that the same

“membrane” behavior observed in previous studies also effect the response of the thin

conventional AC pavements under GA loading. This point is illustrated in Figure A.6, which

shows the relationship between AC surface thickness and calculated AC tensile strain. As can

be seen, there is a decrease in AC strain given a 2-in thick surface compared to a 3-in thick

surface. Due to this behavior, and because IDOT-DOA uses a minimum AC thickness of 3 in,

all 2-in thick AC sections were eliminated from this analysis.

Examples of typical pavement response plots are provided in Figures A.7 to A.11 for

conventional AC pavements and A.12 to A.15 for full depth AC pavements. Figure A.7

shows the relationship between surface deflection and AC thickness for a conventional AC

pavement on a soft subgrade with a 9-in thick granular base. The AC modulus was varied




Table A.1. ILLI-PAVE response parameters for conventional AC pavements.

CODE THICKACTIODAC [THICKES [ERY |SURFDEF |SGDEE |ACSTRAINISIGMA [SIGMAS [DEVSTRSS |SGUNCNFD |SSR
VSoR-Cony 2 100/ 6 1 AR89, 40.62 315 6.76] 346 33 §31) 0531
VSoft-Conv 3 100 5 1 39.16] 3i42 714 61| 3.1 2.59 6.21] 0.417
VSoft-Conv 3 100 6 1 3321| 25.89 552] 572|351 221 6.21] 0.356
VSoR-Conv 6 100 6 1 5536] 18.55 470 _ 565 2.3 3.35 5.21] 0.539
VSoft-Conv AR 3 1 36.96]  30.12 614 584 337 247 6.31] 0.398
VSoft-Conv 3] 500 3 1 25.88) 2101 417|508 2.82 3.16 6.21] 0509
VSoft-Conv 4 500 G 1 2041 1643 323|532 218 314 6.21| 0.506
VSoft-Conv 6 500 g 1 14211 1151 128 3.68]  1.54 214 6.21] 0,343
VSoft-Cony 3] 1400 5 ] 26.22] 2165 240 602 3.4 2.88 .51 0.464
VSoft-Conv 3] 1400 6 1 1823 15.08 243 489 192 257 6.21| D478
VSof-Conv 4| 1400 6 1 1406 1179 156, 5.8 165 213 6.21] 0.343
VSoit-Conv 6] 1400 6 1 10.13 873 75.4] 253 136 117 6.21] 0.188
Soft-Conv_| 7] 100 & 3.02 3851|3057 330]  104] 353 647 12.9] 6.502
Soft-Conv 3 100 5| 3.02 30.56|  24.74 &70| 899 3.5 5.24 12.5] 0.406
Soft-Conv 7 100 g 3.02 2824 2077 533] 801] 3.3 in 12.9) 0.343
Soft-Conv G 160 5| 5.0z 2201 1521 456 671 264 407 12.9] 0316
Sofi-Conv 7] 500 6 3.02 3068 239 568| . 8.1, 3.2 S 12.9] 0.387
Sof-Conv 3] 500 € 3.02 7211 17.34 394)  7.21] 3.2 4.0 12.9] 0.317
Soft-Conv 4|~ s00 6| 302 1745] 13.57 305] 564 215 379 12.9] 0.254
Soft-Cony 6 s00 6] 2.02 2.1 938 182 423 1.8 243 12.9] 0.188
Soft-Conv 2] 1400 §| 3.02 22.49] 1799 334 73 32 31 12.9 0.318
Sofi-Conv 3 1400 6] 3.02 1564]  12.5 232] 545 102 3.53 12.5| 0.274
Sofe-Conv_| - 4] 1400 5| 3.02 11.97]  9.65 151] 447 201 246 12.9) 0.101
| Sofv-Conv & 1400 6 3.00 §37] 603 75, 282] 1.9 133 12.9] 0.103
| Med-Conv 2 100 6 7.68 28.51]  20.69 387) 154|389 1141 22.85] 0.499
Med-Conv 3 100 6 768 2499 1721 §19]  12.9]  3.73 5.7 22.85] 0.401
Med-Conv 4 I0c 6 7468 2221 14.73 513 11 322 778 22.85| 0.340
Med-Conv g 160 g 768 1782 1105 58] 845 297 548 22.85] 0.240
Med-Conv 2 500 6| 7.68 23.36] 16.81 400]  12.5]  3.66 3.84 22.85] 0.387
: Med-Conv. 3 500 G| _7.68 17.32] _ 12.6] 360| 942] 336 6.06 22.85] 0.265
Med-Conv 4| 500 G| 7.68 13.85] _ 9.51 282 754 269 155 52.85[ 0.212
Med-Conv g 500 & 768 56 685 T70| 505  2.03 302 22.85] 0.132
Med-Conv 2] 1400 6| 7.6 1769 13.16 227] 659 353 646 22.85| 0.283
Med-Conv 3 1400 6 7.68 241 926 214] 689 244 445 2285 0.195
; Med-Conv 4 1400 §| 7.68 ga7] 7.1 143] 507 187 32 2285 0.140
| Mzd-Conv g 1400 6| 7.68 64l 493 744 34 17 1.7 22.85 0.074
Stifi-Conv 2 100 8| 12.34 24 159 365 184  3.08 442 32.8| 0.440
Stiff-Conv 3 100 6| 12.34 71.16] 1342 568 155}  3.86 11.64 332.8] 0.355
Stif-Conv 4 100 6 12.34 1907] 1158 254) 133 3455 5.6 32.8/ 0.294
Stt-Conv 6 190 6 12.34 1561 X3 710] 5.58 28 .72 32.8] 0.205
Stf-Conv 2| 500 6| 12.34 1961 132 456 151] 396 .14 2.8/ 0.340)
Stff-Conv 3 500 &| 12.34 1474 10.06 338  107]  2.0% 7.72 32.8 0.335
SHiff-Conv 4 500 él 12.34 11.88 g 260] 853  3.78 5.75 32.5| 6.175
Stiff-Conv g 500 6 12.34 83| 5.3 163 57] 223 347 32.8] 0.106
Stifr-Cony Z| 1400 6 12.34 1504] 1033 219 116] 326 234 32.8] 0.254
Stifi-Conv 3| 1400 6 12.34 1066 7.5 202]  8.06]  2.81 525 32.81 0.160
SHFE-Conv 4] 1400 6| 12.34 815 5.6 138]  5.84] 214 37 328/ 0.113
SGE-Conv 6 1400 G| 12.34 547] 394 73| 379 179 2 32.8] 0.061
VSeft-Conv 21 100 ] 1 3006 207 338 601 3,53 248 6.21] 0.399
VSot-Conv 3 100 3 1 3423|2449 §71] 568  3.59 2.09 62| 0.337
‘ VSofi-Conv 4 100 9 1 30.00]  20.63 519] 635 2.9 3.36 §21] 0.541
VSof-Conv 5 100 g 1 3413 158 245 541|219 722 621] 0.519
‘ VSoR-Conv 3| 500 5 1 3254 23.84 537]  547] 3.6 2.01 6.21] 0.324
- VSoft-Conv 3| 500 9 1 2453 17.98 395] 581 249 332 §21 0.535
VSoh-Conv 3 500 9 1 1578 143 31| 487 280 2.85 6.21] 0.461
VSoft-Conv 6 500 ] i 14.02] 1055 184] 357 167 ) 6.31| 0306
; VSoR-Conv 3 1400 g 1 24.77| - 18.38 215] 605 274 332 21| 0.535
' VSoft-Conv 3 1400 ] 1 1787 13.54 236 24| 174 2.66 6.21] 0.428
VSof-Conv 4 1400 5 1 1304 10.82 53] 348 15 1.08 6.21] 0.315
VSoR-Conv 5| 1400 9 I 101] 8.4 746 28 178 T.02 6211 0.164
Sofv-Conv z 100 5] 3.02 33820 233 343 85| 3.2 298 12.9] 0.386
‘ Soft-Conv 3 100} 5| 3.02 2553 197 630]  7.60] 345 424 12.9] 0.329
| Sof-Conv 7 106 5| 3.2 26.26] 16.82 508) 745 3.1 1.3% 12.5] 0.338
| Soft-Conv 3 100 5] 302 212| 1289 438 611 244 3.66 12,0/ 0.284




Table A.1. ILLI-PAVE response parameters for conventional AC pavements.

CODE THICEAC, MODAC|THICKES [ERI  [SURFDEF |SGDEF |ACSTRAIN [SIGMA] [SIGMA3 [DEVSIRSS [SGUNCNFD [SSR
Soft-Conv 2 500 91 3.02 28.01] 19.26 512 7.45 3.37 412 12.8] 0.319
Soft-Conv 3 500 9] 3.02 21.23] 14.81 375 6.49 2.37 4.12 12.8] C.219
Soft-Conv 4 500 9] 3.02 17.11] 11.89 299 544 2.08 3.36 12.9] 0.260)
Soft-Conv 6 500 9| 3.02 12.01 8.48 180 4 1.85 215 12.9] 0.167
Soft-Conv 2 1400 9] 3.02 21.55 15.18 218 6.46 242 4.04 12.9] 0.313
Sof-Conv 3 1400 9 3.02 15.45 11.1 226 5.04 1.94 3.1 12.9] 0.240
Soft-Conv 4 1400 9 302 11.92 8.74 150 4.04 1.84 2.2 129 0171
Soft-Conv 6 1400 9 302 8.38 6.49 74.9 2.96 1.75} 1.21 12.9] 0.054
Med-Conv 2 100 9| 7.68 26.81] 1615 384 12.2 3.84 836 22.85| 0.366
Med-Conv 3 100 9 7.68 23.84] 1387 603 0.5 3.55 6.95 22.85; 0.304
Med-Conv 4 100 5| 7.68 21.48| 12.04 501 82 3.16 6.04 22.85; 0.264
Med-Conv [ 100 9l 7.68 17.6 §.29 423 7.15 2.37 4.78 22.85} 0.209
Med-Conv 2 500 9] 7.68 2238 1375 462|. 10.1 3.19 6.91 22.85] 0.302
Med-Conv 3 500 9] 7.68 17.12]  10.7% 350 8.04 2.83 5.21 22.85] 0,228
Med-Conv 4 500 9] 7.68 13.83 §.62 280 6.4 2.14 4.26 22.85| 0.186
Med-Conv & 500 9] 7.68{ - 9.67 6.07 171 4.55 1.52 2.63 22.85{ 0.115
Med-Conv 2 1400 9l 7.68 1742 1132 217 8.34 2.84 5.5 22.851 0,241
Med-Conv | 3 1400 9] 7.68 12,5 R.1 213 6.01 2.2 3.81 22.85| 0.167
Med-Conv 4 1400 9] 7.68 9.56 6.31 143 4.58 1.84 274 22.85] 0.120
Med-Conv 6 1400 g 7.68 6.49 4.52 74 3.36 1.86 1.5 22.85| 0.066
Stiff-Conv 2 100 9l 12.34 23,19 1255 384 14 3.53 10.47 32,8} 0.31%
Stiff-Conv 3 100 9| 12.34 20.85) 10.89 596 12 3.18 8.82 32.8} 0.269
Stiff-Conv_| ~ 4 100 9 12,34 18.94 9.48 486 10.4 2.92 7438 32.8] 0.228
Stiff-Conv 6 100 9 12.34 15.69 7.34 412 8 233 545 32.8] 0.166)
Stiff-Conv 2 00 9| 1234 19.38] 10.82 441 11.4 2.78 8.62 32.8] 0.263
Stiff-Conv 3 300 9 12,34 14.9 8.52 336 8.96 2,73 6.23 32.8| 0.190
Stiff-Conv 4 500 9] 12.34 12.09 6.87 268 7.19 2.29 4.9 32.8] 0.149
Stiff-Conv 6 500 9] 1234 8.47 4.85 165 5.18 2.2 2.98 32.8) 0.0%1
Stiff-Conv 2 1400 9] 12,34 15.17| 8.85 214 9.56 3.07 6.49 32.8) 0.198
Stiff-Conv 3 1400 o 12341092837 204 6932351 442 32:8/-0.135
Stiff-Conv 4 1400 9| 12.34 8.35 5.06 31 - 32.8] 0.085
Stiff-Conv 6 1400 9| 1234 5.58 3.55 1.68 32.8] 0.051
VSoft-Cony 2 100 12 1 3513 2262 2.82 6.21] 0.454
VSoft-Conv 3 100 12— 1| — 3131852 — 368 ——621 0593 ——
V8oft-Conv 4 100 12 1 28.36] 17.28) 337 77621 0.543
VSoft-Conv 6 100 12 1 23.32] 13.78 E X 2.87 6.21] 0.462
VSoft-Conv 2 500 12 1 29.91] 19.2% 504 6.33 296 337 6.21] 0.543
VSoft-Conv 3 500 12 1 23.42] 15.51 374 5.29 2.14 3.15 6,211 0.507
VSoft-Conv 4 300 12/ 1 168.25 12.9 302 4.59 2.06 253 6.21] 0.407] -
VSoft-Conv 6 500 12 1 13.84 9.65 182 35 1.84 1.66 6.21] 0,267
VSoft-Conv 2 1400 12 1 23.65 15.81 208 5.38 2.26 3.12 6.21; 0,502
VSoft-Conv 3 1400 12 1 1749 1213 231 4.09 1.68 241 6.21} 0.388
VSoft-Cony 4 1400 12 1 13.79 9.96 151 3.5 1.81 1.6% 6.21| 0.272
VSoft-Conv [ 1400 12 1 10.06 7.84 74.2 2.8 1.8 1 6.21] 0.161
Soft-Conv 2 100 12| 3.02 30.84] 18.22 340 7.78 3.63 4.15 12.9] 0.322
Soft-Conv 3 100( - 12, 3.02 27.64| 1587 615 7.18 9 4.28 12.9] 0.332
Soft-Conv 4 100 12] 3.02 2512 14,06 498 6.53 2,53 4 12.9| 0310
Seft-Conv 6 100 12| 3.02 2091 11,15 432 543 2.14 3.29 12.9] 0.255
Soft-Conv 2 500 12| 3.02 26.24] 1574 476 7.1 2.99 4.11 12.8] 0.319
Soft-Conv 3 500 12| 3.02 20.52] 1265 362 5.82 213 3.6 12.5] 0.236 .
Sofi-Conv 4 500 12| 3.02 16.82 1047 202 5.05 2,13 2.92 12,8] 0.226
Sofi-Conv 6 500 12[ '3.02 11.93 7.73 177 3.8 1.88 182 12.5] 0.145
Soft-Conv 2 1400 12 3.02 20.78] 1296 209 5.92 2,18 3.74 12.6] 0.250
Soft-Conv 3 1400 12| 3.02 15.22 9.81 223 4.8 2.14 2.66 12.8] 0.206;
Soft-Conv 4 1400 12| 3.02 11.86 7.96 148 3191 1.98 1.93 12,5} 0.150;
Soft-Conv 6 1400 12| 3.02 8.39 6.11 74.6 2.97 1.84 1.13 12.9] 0.088
Med-Conv 2 100 12| 7.68 25.6] 12.88 388 5.85 3.35 6.5 22,85 0.284
Med-Conv 3 100 12| 7.68 23.09] 1131 589 8.74 3.11 5.63 22.85| 0.246
Med-Conv 4 100 12| 7.68 2L13] 10,04 496 7.82 272 5.1 22.85{ 0.223
Med-Conv 6 100 12| 7.68 17.55 7.97 418 6.35 2.32 4.03 22.85{ 0.176
Med-Conv 2 500 12| 7.68 21.7] 1125 455 8.78 3.27 8.51 22.851 0.241
Med-Cony 3 500 12| 7.68 16.92 9.07 344 7.02 251 4.51 22.85] 0.197
Med-Conv 4 500 12| 7.68 13.86 7.5 278 5.83 2.23 3.6 22.851 0.158
Med-Conv 6 500 12| 7.68 0.74 5.46 170 4.34 2.04 2.3 22.85 0.101
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Table A.1. ILLI-PAVE response parameters for conventional AC pavements.

CODE THICKAC|MODAC |THICKBS |[ER1  |SURFDEF {SGDEF |ACSTRAIN|SIGMA] |SIGMA3 [DEVSTRSS [SGUNCNFD [SSR

Med-Conv 2 1400 12| 7.68 17.19 9.36 211 7.1 243 4.67 22.85| 0.204
Med-Conv 3 1400 12| 7.68 12.52 7.06 212 54 2,08 3.32 22.85] 0.145
Med-Conv 4 1400 12} 7.68 9.65 5.66 143 417 1.74, 2.43 22.85] 0.106
Med-Conv 6 1400 12| 7.68 6.56 4.19 74.4 3.27 1.91 1.36 22.85] 0.060
Stiff-Conv 2 100 12} 12.34 228 10.06 373 11.2 3.13 8.07 32.8] 0.246
Stiff-Conv 3 100 12| 12.34 20.67 8.86 376 9.7 2.84 6.86 32.8] 0.209)
Stiff-Conv 4 100 12| 12.34 19.03 7.9 457 8.55 2.56 599 32.8{ 0.183
Stiff-Conv 6 100 12] 12.34 15.89 6.26 413 7.04 249 4.55 32.8{ 0.139
Stiff-Conv 2 500 12| 12.34 19.27 8.87 440 0.82 3.12 6.7 32.8] 0.204
Stiff-Conv 3 500 12| 12.34 15.02 7.16 333 7.7 247 5.23 32.8/ 0.159
Stiff-Conv 4 500 12| 12.34 12.31 5.93 270 6.41 2.29 4.12 32.8/ 0.126
Stiff-Conv 6 500 12| 12.34 8.64 431 166 4.74 2.16 2.58 32.8} 0.079
Stifi-Conv 2 1400 12| 12.34 15.26 741 211 8.03 2.6] 542 32.8) C.165
Stiff-Conv 3 1400 12} 12.34 i1.1 5.6 204 5.96 217 3.79 32.8] 0116
Stiff-Conv 4 1400 12| 12.34 8.53 448 140 4.78 2.11 2.67 32.8] 0.081
Stiff-Conv [ 1400 12] 12,34 5.69 3.26 73.9 3.53 2.01 1.52 0.046

32.8
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Table A.2. ILLI-PAVE response parameters for full-depth AC pavements.

CODE THICKAC |[MODAC |ERI SURFDEF |SGDEF |ACSTRAIN |SIGMA1 |SIGMA3 |DEVSTRSS |SGUNCNFD [SSR
VSoft-FD 4 100 1,00 48.60 46.87 11584 7.20 3.77 3.43 6.21] 0.552
VSoft-FD [ 100 1.00 30.02 27.57 672.0 5.13 3.09 2.04 6.21] 0.329
VSoft-FD 8 100 1.00 22 .84/ 19.62 4435 5.52 2.85 2.67 6.21| 0.430
VSoft-FD 10 100 1.00 1891] 1515 2857 499 2.04 295 6.21! 0475
V8oft-FD 4 500 1.00 21.85 21.46 3456 6.64 3.09 3.55 621 0572
VSoft-FD 6 500 1.00 14.51 13.96 189.7 4,41 1.93 2.48| 6.21} 0,399
VSoft-FD 8 500 1.00 11.41 10.71 120.3 321 1.49 1.72 6.217 0.277
VSoft-FD 10 500 1.00 9.80 8.99 76.5 2,65 145 1.20 6.21; 0.193
VSoft-FD 4 1400 1.00 14,34 14.19 164.0 452 2.13 2.39 6.21] 0.385
VSoft-FD 6 14001 1.00 10.19 9.97 848 2.74 142 1.32 6.21f 0.213
VSoft-FD & 1400 1.00 8.60 8.32 511 2.21 1.32 0.89 6.21] 0.143
VSofi-FD 10 1400 1.00 7.83 7.51 321 205 1.38 0.67 6.21} 0.108
Soft-FD 4 100 3.02 38.69 36.50 1060.8 12.50 5.63 6.87 12.9] 0.533
Soft-FD 6 100 3.02 25.21 22.70 618.2 8.26 385 441 12.9| 0.342
Soft-FD g 100 3.02 19,63 16.39 4154 8.72 3.07 3.65 12.9| 0.283
Soft-FD 10 100 3.02 16.38 12.61 265.4 572 2.81 2.91 12.9| 0.226
Soft-FD 4 500 3.02 18.47 18.08, 3275 7.68 3.59 4.09 12.9( 0.317]
Soft-FD 6 500 3.02 12,19 11.64 181.7 5.12 2.15 297 12.9| 0.230;
Soft-FD g 500 3.02 .47 8.77 116.4 372 1.58 2.14 12.9] 0.166
Soft-FD 10 500 3,02 3.01 7.20 746 2.98 1.48 1.50 12.9] 0.116
Soft-FD 4 1400 3.02 12.05 11.90 157.6 5.30 242 2.88 12.8( 0.223
Soft-FD 6 1400 3.02 8.32 8.10 82.8 319 1.52 1.67 12.9] 0129
SoR-FD 8 1400[. 302 684 656 50.3 245 1.36 1.09 12.9] 0084
Seft-ED 10 1400 _—3.02 612 5.78 31.7 230 1.40 0.80 12.9_0.062
Med-FD» 4 100 7.68 27.25 2543 861.8 20.50 7.28 13.22 2285 0.579
I Med-FD 6 100 7.68 19.17 16.61 5302 12.70 4.05 8.65 22.85) 0.379
; Med-FD 8 100 7.68 1554 12.25 364.1 9.22 2.99 6.23 22,85 0273
! Med-FD 10] - 100 7.68 13.26 9.46 240.% 717 2.37 4.80 22,85 0.210
1 Med-FD 4 500 7.68 14.09 13.70 295.8 10.30 4.43 5.87 22.85] 0257
‘ Med-FD 6 500 7.68 9.37 8.82 1674 6.61 249 4.12 22.85 0.180
| Med-FD 8 500 7.68 7.24 6.54 106.0 4.67 1.80 2.87 22,85 0.126
; Med-FD 10 500 7.68 6.04 522 70.8 3.65 155 2,10 2285 0.092
Med-FD 4 1400 7.68 9.26 9.10 146.2 6.91 2.9% 3.92 22.85 0.172
Med-FD 6 1400 7.68 622 5.99 78.7 410 1.75 2.35 22.85( 0.103
Med-FD 8 1400 7.68 4,94 4.66 48.6 2.98 1.51 1.47 22.85] 0.064
Med-FD 10 1400 7.68 4,29 397 30.9 252 1.43 1.09 22.85| 0.048
Stiff-FD 4 100 1234 21.56 19.73 740,7 25.80 7.82 17.98 - 32.8] 0.548
Stif-FD 6 100[ 12.34 15.50 13.31 470.1 15.80 4.04 11.76 32.8] 0.359
Stiff-FD 8 100 12.34 13.27 095 325.5 11.20 279 841 32.8| 0.256
Stiff-FD 10 100 12.34 11.56 7.73 2189 848 2.39 6.09 32.8] 0.186
Stift-FD 4 5000 12,34 11.61 11.22 271,0 12.90 4.88 3.02 32.8[ 0.245
Stiff-FD 6 500 12.34 7.86 7.30 156.7 7.85 2.64 5.21 32.8] 0.159
StiffFD 8 500( 12.34 6.10 540 103.0 5.53 1.91 3.62 328 0.119
Stiff-FD 10 500 1234 507 4.26 67.6 423 1.64 259 32.8( 0.07¢
Stift-FD 4 1400 1234 7.95 7.59 137.4 8.29 340 489 32.8] 0.149
Stiff-FD, 6 14001 12,34 517 495 75.3 4.86 1.54 292 32.8( 0.08%
StIf-FD 8 1400 1234 4,04 3.76 47.0 3.47 1.51 1.96 328 0.060
Stiff-FD 10 1400 12.34 345 3.13 0.2 2.82 1.46 1.36 32.8] 0.041
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Conventional AC: AC Strain vs. AC Thickness -

Figure A.7. Relationship between AC thickness and surface deflection
(at center of load) for a soft subgrade and a 9 in thick base.
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Conventional AC: AC Tensile Strain vs. AC Thicknesé
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Figure A.8. Relationship between AC strain and AC thickness for
soft subgrade and a 9 in base. :
Conventional AC: AC Strain vs. Surface Deflection
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Figure A.9. Relationship between AC strain and surface deflection for AC modulus
of 500 ksi and 9 in base.
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AG Strain {micro-strain

Conventional AC: AC Strain vs. Surface Deflection -
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Figure A.10. Relationship between AC strain and surface deflection for a soft
subgrade and a 9 in base (E,¢ varies from 100 ksi to 1400 ksi).

Conventional AC: Stress Ratio vs. Surface Deflection
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Figure A.11. Variation of subgrade stress ratio as a function of surface deflection for

a soft subgrade.
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Fuil-Bepth AC: Surface Deflection versus AC Thickness
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Figin'e A.12. Relationship between AC thickness and surface deflection for soft
subgrade (at center of loading).

Full-Depth AC: Maximum AC Tensile Strain versus Surface Deflection
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Figure A.13. Relationship between maximum AC tensile strain at the bottom of AC
and surface deflection for AC modulus of 500 ksi.
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Full Depth AC: Surface Deflection versus Tensile Strain
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Figure A.14. Relationship between surface deflection and maximum tensile strain at
bottom of AC layer for soft subgrade (E, varies from 100 ksi to 1400 ksi).

Full Depth AC: Stress Ratio versus Surface Deflection
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Figure A.15. Variation of subgrade stress ratio as a function of surface deflection for
a medium subgrade.
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from 100 ksi to 1400 ksi. There is a strong correlation between the surface deflection, the AC
thickness, and the AC modulus. As either the AC thickness or AC modulus increases, there is
an observed decrease in surface deflection. Figure A.12 for a full depth AC pavementona

~ soft subgrade shows similar relationships.

Figure A.9 shows the relationship between AC strain and surface deflection in a
conventional AC pavement. The AC modulus was set at 500 ksi and a 9-in thick granular
base was placed above the subgrade. For a given thickness of AC, there is an increase in AC
strain as deflection increases. Both AC strain and surface deflection are reduced with increase
AC thickness. Figure A.13 shows the same relationship for full depth AC pavement. Once

again, similar trends are observed.

Figure A.10 shows the relationship between AC strain and surface deflection given a
0-in thick base on a soft subgrade. Surface deflection is correlated to AC strain, even over a

wide range of AC moduli and thicknesses. As expected, a similar trend is observed for full

depth AC as seen in Figure A.14.

Figurés A.11 and A.15 show the relationship between the subgrade stress ratio and
surface deflection for conventional and full depth AC pavements, respectively. These plots

suggest good correlation between the two variables.

As mentioned in Section IV.2.4 in the study, the Systat® statistical énalysis
program was used to develop pavemenf response algorithms using the same model forms
previously developed for highway conditions [Thompson, 1985] [Gomez-Achecar, 1986]_.
These algorithms for conventional and FULL-DEPTH pavements are presented in Tables 14

and 15, respectively.
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APPENDIX B: FWD TESTING PROCEDURES AND ANALYSIS
AT PONTIAC AND MORRIS AIRPORTS

Introduction

Nondestructive deflection testing (NDT) was conducted on two airport projects that were
constructed in 1992. One was the new airpbrt at Pontiac, where conventional flexible pavements
(3-in P-401 AC, 8-in thick P-209 granular base, 8-in thick lime treated subgrade) were construct
on é runway, taxiway, and apron. The second airport was Morris, where testing was conducted
on the new runway and taxiway. The Morris pavements were similar to FULL-DEPTH AC
 construction ( 9.5-in P-401/P-201 AC over a 4-in thick P-209 granular base). AC-10 asphalt
cement was used in all the AC mixtures. This appendix describes the FWD testing procedures
used and the ;ma.lysis of the collected data.

Testing Procedure

Testing was conducted by the Illinois Department of Transportation (IDOT) with the

.Dynatest falliﬁg Weight deﬂectometer'(FWD). _The FWD appliés an ixﬁpulse load to the
pavement by dropping a weight package onto a 11.81 in (300 mam) diameter loading plate. The
magnitude of the load is varied by adjusting the drop height and the weight of the load package.
The equipment has a loading range of approximately 4,000 Ibs to 27,000 Ibs. Four load ranges
(approximately 5,500, 7,000, 9,000, and 11,500 Ibs) were used in this study.

Load induced deflections are measured through a series of velocity transducers. The
recorded pavement deflection is the maximum transducer deflection. In this study, four sensors
were used. One was located at the center of the loading plate and the remaining three at 12, 24,

and 36 in offsets. The dt_aflection data define the deflection basin.

A temperature point was established in a location representative of the pavement

structure. At this point, a hole was drilled to the mid-depth of the pavement and filled with
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antifreeze. Temperatures were taken at the pavement surface and at the pavement mid-depth.
An FWD test was then conducted. The temperature point was tested again during the course of

testing and after testing was completed.

Each 4,000 ft by 75 ft runway was evaluated using the same procedure. Testing was
conducted at an approximate offset of 6 ft to each side of the runway centerline in the middle of
the paving lane. In the sequence of testing, the first test was conducted to the right of the
centerline 100 ft from the runway end. Subsequent tests were then conducted at 200 ft intervals
for the entire length of the runway. Testing in the opposite direction was also conducted at 200 ft
intervals, but at even stations (i.e. 200 ft, 400 ft, etc.). Thus, test points were staggered at 100 ft

intervals for the entire length of the runway.

Testing on the two 35 ft wide taxiways was conducted in a similar manner, aithough the

offset distance from the centerline varied depending on the orientation of the paving lane. Tests

were again conducted at 100 ft intervals, staggered from side to side.

At Pontige, a small apron (150 ft by 250 ft) was also tested. Two north-south testing

lénes .Were choseri aj:id tested é.t “50 ft intervals. One lane was offsef 2.5. ft from the western edge”

of the apron and the other 45 ft from the eastern edge of the apron.

The deflection data were normalized to standardized loads of 5,500, 7,000, 9,000, 11,500
Ibs. This normalization was conducted assuming a linear load-deflection relationship. Table B.1
~ and B.2. summarize the normalized deflection data for the Pontiac and Morris ajrport pavement

sections, respectively.
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Table B.1. Summary of Pontiac deflection data.

Feature | Load D, (mils) D, (mils) D, (mils) D, (mils)

®iPS) | Mean | COV | Mean | COV | Mean | COV | Mean | COV

RW | 55 | 1296 | 22% | 672 | 22% | 335 | 20% | 228 | 21%
70 | 1750 | 22% | 928 | 23% | 466 | 21% | 3.18 | 21%

0.0 | 2360 | 22% | 1262 | 23% | 637 | 21% | 432 | 22%

115 | 3047 | 24% | 1635 | 24% | 821 | 22% | 551 | 22%

TW | 55 | 854 | 23% | 452 | 18% | 235 | 11% | 165 | 14%
70 | 1117 ] 23% | 615 | 19% | 329 | 11% | 232 | 14%

9.0 | 1507 | 23% | 841 | 19% | 459 | 12% | 323 | 14%

115 | 1898 | 24% | 1065 | 19% | 585 | 13% | 4.00 | 14%

AP | 55 | 1393 ] 19% | 7.08 | 23% | 322 | 25% | 203 | 28%
70 | 1851 | 19% | 969 | 23% | 454 | 25% | 287 | 27%

0.0 | 2507 | 18% | 1325 | 22% | 631 | 25% | 397 | 26%
1513233 | 18% [ 17.18 1 23% 821 | 25% | 513 1 27%




Table B.2. Summary of Morris deflection data.

Feature | Load Dy (mils) D, (mils) D, (mils) D, (mils)

%) | Vfean | COV | Mean | COV | Mean | COV | Mean | cOV

RW 5.5 542 16% 4.24 19% 3.09 23% 2.12 27%
7.0 7.40 17% 5.88 20% 4.27 23% 2.95 27%

9.0 0.88 17% 7.87 19% 572 22% 3.94 26%

11.5 12.49 17% 5.94 19% 7.25 22% 4.98 25%

™ 5.5 6.10 21% | 443 18% 3.06 17% 1.97 18%
7.0 8.39 22% 6.27 19% 4.31 18% 2.80 15%

9.0 10.60 | 19% 8.23 19% 5.74 19% 3.75 20%

-11.5 14.59 | 24% | 10.97 20% 7.58 18% 4.93 18%

Backcalculation
Temperature

At Pontiac, the pavement surface teinperatures increased from 59° F to 71° F during the

course of testing, corresponding to a rise in the 1.5 in depth pavement temperature from 65° F to

69° F. At Morris, pavement surface temperature ranged from 74° F to 92° F. The corresponding

pavement temperature (at a depth of approximately 4 in) ranged from 72°F to 80°F. The

deflection data were not adjusted for temperature.

Backcalculation Algorithms

Backcalculation was accomplished using ILLI-PAVE backcalculation algorithms derived

for 2 normalized 9,000 Ib load condition. The following algorithms, developed by the University
of Illinois for the use of IDOT-DOH, were used in this study [Thompson, 19897:




Ex; for thin AC

& = 250-525D, +029D; Equation B.1
Ex; for FULL-DEPTH AC
R= 247 -54 ]_D3 +03 1D32 Equa_tion B2

E,c for FULL-DEPTH AC

LogkE ,. =1846—~4902Log(D, — D, )+

Equation B.3
5189Log(D, ~ D,)—1282Log(D, — D,)

Where: Eyg; is the subgrade breakpoint resilient modulus, ksi.
E,c is the resilient modulus of the AC, ksi.
D, is the deflection at the center of the load plate, mils.

D,, D,, and D, are the deflections at a 12, 24, and 36 in offset, mils.

These algorithms were derived from ILLI-PAVE data bases specifically for backcalculation

pﬁrpoées. ‘The backecalculation of EAC for thin (less than 3-in to 4-in tliicic) AC layers is not

reliable. Thus, E,. values were not calculated for the Pontiac data.
Pontiac

Table B.3 is a summary of the maximum deflection and the backecalculated Eg; results for
Pontiac. Normalized (@ 9,000 1bs) maximum deflection profile plots for the runway, taxiway,
and apron at Pontiac are shown in Figures B.1, B.2, and B.3. Profile plots of the backcalculated
Ey; values for these same features are shown in Figures B.4, B.5, and B.6.



Tab]e B.3. Summary of backcalculation analys1s for Pontiac
(for 9,000 Ib normalized load).

Max. Deflection (mils) ERT (ksi)
Feature | \/oon | std. | cov | Mean | s | cov
Dev. Dev.

Runway | 23.6 | 324 | 14% | 80 | 250 | 31%
Taxiway | 15.1 | 3.52 | 23% | 10.6 | 227 | 21%
Apron | 23.7 | 400 | 17% | 926 | 275 | 30%

Pontiac: RW Max. Deflection

Max Def (mils)
40

o /\ /\\ #U\ .
s | X ik
T "j\w/ [ *‘\.:.V#\i

15

10 . - .
o] 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000
Distance (ft)}

Figure B.1. Pontiac runway maximum deflection profile (@ 9,000 1bs).
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Pontiac: TW Max. Deflection
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Figure B.2. Pontiac taxiway maximum deflection profile (@ 9,000 lbs).

Pontiac: Apron Maximum Deflections
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Figure B.3. Pontiac apron maximum deflection profile (@ 9,000 1bs).
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Pontiac: RW ERI
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Figure B.4. Pontiac runway Eg; (@ 9,000 1bs).
Pontiac: Taxiway ERI Values
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Figure B.5. Pontiac taxiway Eg; (@ 9,000 1bs).
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Pontiac: Apron ERI
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Figure B.6. Pontiac apron Ey; (@ 9,000 Ibs).

Morris

Table B.4 provides a summary of the maximum deflection and backcalculated E,- and
Ey; values for Morris. Profile plots of the maximum deflection, Eg;, and E,, for the runway and
taxiway are provided in Figures B.7 through B.12. There are very noticeable trends observed on
 the runway, particularity with relation to maximum deflections and backealculated Ey; values.
The site engineer indicated obvious subgrade differences were encountered during construction.
There is a significant "soft subgrade" condition at 1,500 fi, where D, is very high and Eg; is very
low. The backcalculated E, . is fairly consistent along the length of the runway, with the
majority of points falling between 300 ksi and 400 ksi.



Table B.4. Summary of backcalculation analysis for Morris (for 9,000 1b normalized load).

Max. Deflection (mils) ERI (ksi) E,c (ksi)
Feature | prean | Std. | COV | Mean | Std. | COV |Mean | Std. | cOV
Dev. Dev. Dev.
Runway | 9.9 | 1.65 | 17% | 85 | 259 | 30% | 394 | 106.0 | 27%
Taxiway | 10.6 | 2.00 | 19% | 89 | 228 | 26% | 314 | 564 | 18%

Max Def (mils)

16

Morris: RW Max. Def.
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Figure B.7. Morris runway maximum deflection (@ 9,000 Ibs).
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Morris: TW Max Def
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Figure B.8. Morris taxiway maximum deflection (@ 9,000 1bs).
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Figure B.9. Morris runway Eg; (@ 9,000 1bs).
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Morris: TW ERI
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Figure B.10. Morris taxiway Eg; (@9,000 Ibs).
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Figure B.11. Morris runway E,. (@ 9,000 lbs).
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Figure B.12. Morris taxiway E,- (@ 9,000 lbs).
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APPENDIX C: AC LABORATORY TESTING PROGRAM

A total of 74 AC core samples (4-in nominal diameter) were obtained from three
IDOT-DOA projects constructed in 1992. Thirteen P-401 surface course cores were obtained
from Pontiac. From Morris, 34 cores were obtained, many of which were sawed into
approximately 2.5 in long specimens. After sawing, 50 specimens were available for testing
(3 P-401 surface, 6 composite [containing both P-201 and P-401], and 41 P-201 binder).
Twenty seven cores were obtained from Mt. Sterling (11 P-401 surface and 16 P-201 binder).
Cores were trimmed to remove embedded base course and/or provide proper sizing for

testing.

Bulk specific gravity tests (AASHTO T 166-88) were conducted on all core samples.
Sixty five core samples were of sufficient length and quality for AC resilient modulus testing
(ASTM 4123). AC Resilient modulus tests were conducted at 70° F and 90° F. The data were
used to measure temperature susceptibility as determined by the Slope of the Log AC resilient

modulus versus temperature relation. Following modulus testing, the cores were tested for

in/minute). Tensile strength/resilient modulus relationships were developed. Table C.1
provides a summary of the laboratory results for each core. Blanks in the table indicate that
accurate testing could not be conducted due to core damage or inappropriate sample size.
Average values are presented in Tables C.2, C.3, and C.4, for Pontiac, Morris, and Mt.
Sterling, respectively.

Figures C.1 and C.2 show the distribution of bulk specific gravities for each airport
and AC mixture. The binder course at Morris had the highest bulk specific gravities and the

Mt. Sterling surface course the lowest.

Figures C.3 through C.6 show the AC resilient modulus (E,.) at 70° F and 90° F for

each core tested at Pontiac, Morris, and Mt. Sterling. The E, values for the Pontiac cores are



Table C.1. Summary of AC laboratory investigation.

AC Resilient Modulus

Bulk Split
Spec. @70F @90 F Tensile
Airport AID Sample #| Course | Gravity {psi) (psi) Slope Strength (psi)
Pontiac oC1 10c Surface| 2.31B 141196 45879 -0.0244
Pontiae| - OC1 11c Surface| 2.360 2210856 54043 -0.0306 113
Pontiac oC1 12¢c Surface| 2.360 221850 54240 -0.0306 111
Pontiac o]0y | 13c Surface| 2.376 276085 73703 -0.0287 136
Pontiac 0C1 14¢ Surface| 2.364 186005 58113 -0.0253 127
Pontiac oc1 15¢ Surface| 2.338 188570 50205 -0.0289 1186
Pontiac 0C1 16c Surface| 2.320 169485 47125 -0.0278 101
Pontiac ocC1 17¢ Surface| 2.360 124405 35286 -0.0274 86
Pontiac 0C1 19c Surface| 2.303 137140 35398 -0.0284 82
Pontiac 0C1 20¢ Surface| 2.333 145260 45828 -0.0251 100
Pontiac oc1 Be Surface| 2.277 163611 40704 -0.0288
Pontiac ocC1 7c Surface| 2.343 89
Pontiac o]od| 9c Surface| 2.309 141255 51514 -0.0218 9%
Marris c039 1-1 Binder| 2.391 183
Morris Cc09 i-2 Binder| 2.348 779197 226521 -0.0268 155
Morris C09 1-3 Binder] 2.395 171
Morris o8] 1-4 Binder] 2.373 743815 220013 -0.0265 165
Maorris C09 2-1 Binder| 2.402 650395 187308 -0.0259 178
Morris Co09 2-2A Binder| 2.432 1076816 308514 -0.0271 182
Morris cO9 2-2B Binder] 2.207 171
Morris Co%9 2-3 Binderj 2.336 649585 168191 -0.0293 115
Morris C09 2~ Binder|—2:350|—682129|—148401 0:0330 1566
Marris C09 3-1 Binder] 2.445 180
Morris [of8}2] 3-2 Binder| 2.420 847417 246688 -0.0268 182
Marris Co9 3-3A]  Binder| 2.458] 1092023 422802 -0.0206] 200
Morrisf  C09|  3-3B]”  "Binder| 2.411 180
Morris C09 3-3C Binder| 2.407 836298 256848 -0.02B66 168
Marris Cco9 3-4 Binder| 2.400 143
Marris [of8}2] 4-1 Binder| 2.297 472591 183454 -0.0205 117
Morris CQ9 4-2 Binder| 2.393 537575 168091 -0.0252 144
Marris C09 4-3A Binder| 2.373 662372 180022 ~0.0271 135
Marris co9 4-3B Binder| 2.350 711791 208396 -0.0267 142
Morris co9 4-4 Binder| 2.385 645831 175891 -0.0282 135
Marris [ofe)] 4-8 Binder| 2.446 813010 213702 -0.0280 170
Marris cog 5-1 Binder| 2.362 410046 151532 -0.0216 140
Morris C08 5-2 Binder| 2.283 336917 101561 -0.0280 75
Moarris CQ8 5-3 Binder] 2.363 132
Meorris [ols:] 5-4 Binder] 2.379 796854 192927 -0.0308 144
Morris Co8 B8-2A Binder| 2.398 754027 215243 -0.0272 152
Morris [os]e) 6-2B Binder} 2.414 6542959 204126 -0.0248 169
Morris C08 6-2C Binder| 2.431 511418 1689730 -0.0240 147
Morris C09 6-3 Binder] 2.391 556664 177137 -0.0249 147
Morris CQs8 6-4 Binder| 2.332 131
Morris [ofe]:] 7-2A Binder| 2.306 462907 158269 -0.0233] 130
Morris co8 7-2B Binder| 2.397 162
Morris cos 7-2C Binder| 2.410 791992 241777 -0.0258 165
Morris cog 7-3 Binder| 2.331 112
Marris C03 8-1 Binder| 2.366 143
! Morris]  C08 8-3 Binder| 2.374 126
Morris C08 8-4 Binder| 2.359 568158 193438 -0.0234 125
Morris C08 8-5 Binder| 2.383 731582 242487 -0.0240 132
Marris CQ2 §2-2 Binder| 2.336 164
Morris CQ9 $2-4B Binder| 2.431 166
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Tahle C.1

Summary of AC laboratory investigation.

Bulk AC Resilient Modulus Split
Spec. @70 F @90 F Tensile

Airport AlD Sample #] Course | Gravity (psi) {psi) Slope Strength {psi)
Morris C09 S2-5B Binder| 2.387 536672 151168 -0.0275 124
Morris cog 7-4] Composite| 2.351 580449 161423 -0.0282 125
Marris C09 51-1A] Composite| 2.377 603671 182423 -0.0260 140
Marris Co9 51-2B] Compositel 2.355 599757 166882 -0.0278 145
Morris co9 S52-1| Composite} 2.337 133
Marris C09 S2-4A) Composite| 2.353 712643 182337 -0.0286 146
Morris COo9 82-BA| Composite| 2.358 375591 126882 -0.0236 108
Morris C09 8-2 Surface| 2.317 384188 98312 -0.0286 122
Morris C09 S1-1B Surface| 2.283 119
Morris 099 S1-2A Surface| 2.357 423638 114508 -0.0284 134

Mz. Sterling MTS 1-1c Binder| 2.333 358335 55183 -0.0407 143
M. Sterling MTS 1-2¢ Binder| 2.350 255235 68416 -0.0283 153
Mt. Sterling MTS 1-3¢ Binder| 2.372 339445 £5820 -0.03b6 . 149
Mt. Sterling MTS 1-4c Binder| 2.278 2885860 49964 -0.0381 113
Mt. Sterling MTS 1¢ Binder; 2.312 3439835 66896 -0.0356 143
Mt. Sterling MTS 2-1¢ Binder| 2.337 247085 51820 -0.0339 138
Mt. Sterling MTS 2-2¢ Binder| 2.286 112
Mt. Sterling MTS 2-3¢ Binder| 2.380 236276 56474 -0.0311 116
Mt. Sterling] MTS 2-4¢ Binder| 2.342 3854056 75580 -0.0354 133
Mt. Sterling MTS 3-1¢ Binder| 2.376 373825 665397 -0.0379 144
Mt. Sterling MTS 3-2¢ Binder| 2.354 204625 43682 -0.0335 107
Mt. Sterling MTS 3-3¢ Binder| 2.339 353745 58987 -0.0385 1586
Mt. Sterling MTS 3-4¢ Binder| 2.342 354435 69622 -0.0353 144
Mt. Sterling MTS 4c Binder| 2.250 245075 54968 -0.0325 123
Mt—Sterling|—MTS B¢ Binder|—2:274 23
Mt. Sterling MTS 6c Binder{ 2.344 318885 73755 -0.0318 147
Mt. Sterling MTS 1-1¢-8 Surface; 2.160 456097 298352 -0.0333 20
Mt, Sterling] MTS|  1-2¢-s|  Surface{ 2.356 B 111
M1 Sterling] MTS| 1-3c-s| Surface] 2,380 118
Mt. Sterling MTS 1-Bc-s Surface| 2.282 658459 155755 -0.0313 125
Mt. Sterling MTS 2-1c-s Surfacej 2.228 743583 211817 -0.0273 1286
Mt. Sterling MTS 2-2¢c-s Surface| 2.312 455037 153409 -0.0236 110
Mt. Sterling MTS 3-1c-s Surface] 2.196 103
Mt. Sterling MTS 3-3c-s Surface[. 2.301 437176 133460 -0.0258 117
M1. Sterling MTS 4-1c-s Surface| 2.293 120
Mt. Sterling MTS B-1c-s Surface| 2.282 134
Mt. Sterling MTS 6-1¢c-s Surface| 2.271 120




Table C.2. Average results for Pontiac core samples.

Surface Course
Laboratory Analysis Mean | Cov
Bulk Specific Gravity 2.335 1.25%
AC Resilient Modulus @ 70° F (ksi) 176 25.9%
AC Resilient Modulus @ 90° F (ksi) 49 21.3%
Slope! -0.027 9.82%
Tensile Strength (psi) 106 15.0%

1Log(E,c) = A + Slope*Temperature

Table C.3. Average results for Morris core samples.

Sﬁrféce Course. | Composite Course Binder Course
Laboratory Analysis Mean Ccov Mean Cov Mean CoV
Bulk Specific Gravity 2319 1.60% 2.355 0.55% 2377 2.04%
AC Resilient Modulus @ 70° F (ksi) 404 6.91% 576 21.3% 679 26.3%
AC Resilient Modulus @ 90° F (ksi) 106 10.8% 164 13.9% 205 29.4%
Slope! _ -0.029 2.90% -0.027 18.6% -0.026 10.9%
Tensile Strength (psi) 125 6.38% 133 10.7% 150 16.5%

' Log(Esc) = A + Slope*Temperature




Table C.4. Average results for Mt. Sterling cores.

Surface Course Binder Course
Laboratory Analysis Mean cov Mean CcovV
Bulk Specific Gravity 2.277 2.71% 2.328 1.60%
AC Resilient Modulus @ 70° F (ks) 550 25.7% 308 19.4%
AC Resilient Moduolus @ 90° F (ksi) 151 27.4% 61 15.6%
Slope! | -0.028 14.12% -0.035 9.54%
Tensile Strength (psi) 116 10.3% 134 12%

' Log(E,c) = A + Slope*Temperature

Number
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Figure C.1. Distribution of bulk specific gravities for each airport.
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Distribution of Specific Gravities According to Airport and Mix Type

Figure C.3. AC resilient modulus for Pontiac surface course.
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Figure C.2. Distribution of specific gravities for each AC mixture.
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Figure C.4. AC resilient modulus for Morris surface and composite courses.

Resliient Modulus (psi)

Morris: AC Resilient Modulus for Binder Course
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Figure C.5. AC resilient modulus for Morris binder course.
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Mount Sterling: AC Resilient Modulus
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Figure C.6. AC resilient modulus for Mt. Sterling surface and binder courses.

_ consistently lower than those obtained at the otfher sifes. The E, at 90" F 1or the binder layer

at Mt. Sterling is relatively low compared to the 70° F data (see Figure C.6). Note that surface

cores for Mt. Sterling (to the far right of the bar chart, designated with an "-s") have higher
AC moduli than the binder cores.

Figures C.7, C.8, and C.9 show the Log AC resilient modulus versus temperature
relationship for the AC mixtures from each airport. The slope of the line (Log (E,.) = A +
Slope*Temperature) defines the temperature susceptibility of the mixture. The values obtained
are typical, except for the binder layer at Mi. Sterling which shows higher than expected
temperature susceptibility. This is reflected in the average Slope value of -0.035 shown in
Table C.4.

Figures C.10 through C.15 show AC resilient modulus versus split tensile strength (@
72° F) relationships for the various airports and AC mixtures. The AC resilient modulus
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Pontiac: AC Reslient Modulus versus Temperature
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Figure C.7. AC resilient modulus versus temperature for Pontiac cores.
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Figure C.8. AC resilient modulus versus temperature for Morris cores.
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Resllient Modulus

Mount Sterling: AC Reslient Modulus versus Temperature
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Figure C.9. AC resilient modulus versus temperature for Mt. Sterling cores.
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Pontiac: AC Resilient Modulus versus Tensile Strength
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Figure C.10. Pontiac AC resilient modulis versus split tensile strength (@ 72 F).
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Morris: AC Resilient Modulus versus Tensile Strength
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Figure C.11. Morris AC resilient modulus versus split tensile strength (@ 72 F).
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Figure C.12. Mit. Sterling resilient modulus versus split tensile strength (@ 72 F).
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Figure C.13. Surface AC resilient modulus versus split tensile strength (@ 72 F).
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AC Resilient Modulus versus Tensile Strength
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values are interpolated to 72° F. E,. increases with split tensile strength. The split tensile

strengths for all mixes are within the expected range. The coefficients for tensile strength
vary considerably among the mixes. These relationships are typically mixture specific, as this

analysis indicates.

The P-201/P-401 AC mixtures constructed at Morris and the P-401 surface mixture
constructed at Mt. Sterling have modulus characteristics slightly less stiff than IDOT Class I
AC-10 mixture. The binder layer at Mt. Sterling shows lower than expected modulus at 70° ¥
and high temperaturé susceptiﬁility.

The P-401 mixture at Pontiac had lower than expected moduli. An inexplicable creep

problem was encountered during testing. Two cores fell apart at 90°F. One core was severely
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deformed by the rubber band used to attach the label. This behavior suggests that the mixture

is susceptible to permanent deformation under loading at higher temperatures.

C-14



APPENDIX D: IDOT-DOA AC MIXTURE PROPERTIES

As part of this study, a preliminarily investigation was conducted to identify mix
stiffness and fatigue characteristics of typical IDOT-DOA AC mixtures. As only limited
laboratory data was available, the approach used was based on the evaluation of mixture
specifications. Mix design information obtained from three recently constructed projects

(Pontiac, Morris, and Mount Sterling) was also examined.
AC Mixture Stiffness

The first step in estimating AC mixture stiffness is to establish the stiffness
characteristics of the asphalt cement binder. IDOT-DOA specifications require that an AC-10
binder be used on all GA airport projects. A recently conducted study at the University of
Tilinois found that the mean and standard deviation of penetration (at 77° F) for 1019 AC-10
samples used by IDOT in 1991 was 100 pen and 12 pen, respectively.! Assuming a typical

range in penetrations from 88 pen to 112 pen (mean + one standard deviation), the asphalt

. cement absolute viscosities at 70° F was estimated using the following relationship developed

by the Asphalt Institute [Al, 1982]:

Maerie = 295082 pen ;72';11:39 | Equation D.1
Where: N7oF, 10 15 the absolute viscosity at 70° F, poises x 10°.

Pen,, ¢ is the penetration at 77° F.
Equation D.2 shows the relationship developed as part of the University of Illinois study.!

= 212863 pen %>’ Equation D.2

ﬂ?O"F,lOG 77°F

| ! Evaluation of IDOT 1991 _Asphalt Cement and Liguid Asphalt Test Report, by
‘ John Willis for M.R. Thompson, University of Illinois, 1994.
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This relationship was developed from IDOT-DOH data on 2820 AC-5, AC-10, and AC-20
asphalt cement samples (R*= 0.8754). Table D.1 shows the estimated absolute viscosities for

the range in penetrations considered in this analysis.

Table D.1. Summary of asphalt cement stiffness properties.

Penetration @ 77° F - Absolute Viscosity @ 70° F (poises x 10%)
(pen) .
Asphalt Institute! IDOT?
88 1.599 0.821
100 1.271 0.648
112 0.942 0.475
! Based on Equation D.1.
2 Based on Equation D.2.

After establishing reasonable ranges for asphalt cement viscosity, an estimation of AC

mixture stiffness was made using the fbllowing Asphait Institute relationship [AT, 1982]:

}?200
fO.]TDBS

10.00000 S[ tp(]'3+0'49325 log(1)) Ri,s] - 0.001 ggl:tp(mw.@szsmg( ) ﬂ:'-i :| Equation D.3

f 11
+0.931757(}D—_012,—M-]

LoglE'|=5553833 + 0.028829( J - 003476(7, )+ 0.070377(17.,0,,]05)

Where: |E*| is the dynamic modulus (stiffness) of asphalt concrete, psi.
| P,y is the percent aggregate passing the No. 200 sieve.
fis the frequency, Hz.
Vy is the percent air voids.
P, is the asphalt content, percent by weight of mix,
t, is the temperature, ° F. |



This relationship shows that a number of mix paralﬁeters influence AC mixture
stiffness. To investigate these influence, conventional and FULL-DEPTH AC pavements
were hypothetically analyzed in Rockford, Springﬁeld, and Cairo. Using the Design Time
concept, design AC mixture temperatures were chosen [Thompson, 1986][ Thompson, 1988].
The design temperatures shown in Table D.2 were used in this analysis as t,. From the IDOT-
DOA P-401 specification, it was found that P,y ranged from 3 to 8 percent, P, from 5to 7
percent, and Vy from 2 to 3 percent for the 3/4 in maximum aggregate size gradation [IDOT-
DOA, 1994A]. The P-201 specification differed only in the range of P, allowing 4.5 to 7
percent. In this analysis, the frequeﬁcy, f, was established at 10 Hz.

Table D.2. Design AC mixture temperatures for conventional and FULL-DEPTH AC
pavements based on the Design Time concept [Thompson, 1986][Thompson, 1988].

) Locaﬁg;m Design AC Mixture Temperature(® F)
' Conventional AC FULL-DEPTH AC
Rockford 71 77
Springfield 78 80.8
~ Cairo 84.4 86

A sensitivity analysis was prepared for each location showing the impact of specific
parameters on the AC dynamic modulus. Figures D.1 through D.4 show the results of this
analysis for Springfield. Similar trends were observed for Rockford and Cairo. Trendlines
have been placed on the plots to show average changes in AC dynamic modulus over the
parameter range. Note that linear trendlines have been chosen to simply demonstrate net
changes in AC dynamic modulus over the range of each parameter. The linear representation

is not meant to suggest that the actual change over the range is linear.

Trends observed in Figure D.1. show that the AC dynamic modulus increases as
percent material passing the No. 200 sieve increases. The increase in stiffness is
approximately 25% over the range specified. It is also observed that the AC material in a

conventional pavement is stiffer at the same location, reflecting the lower design temperature.
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Springfield: Dynamic Modulus versus Percent Passing #200 Sieve
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Figure D.1. Relationship between percent aggrégate passing No. 200 sieve and the AC
dynamic modulus.

Springfield: Dynamic-Modulus-versus-Percent-Air Content—
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Springfield: Dynamic Modulus versus Percent Asphalt
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Figure D.3. Relationship between asphalt content and AC dynamic modulus.
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In Figure D.2, it is observed that an increase in all' content results in a decrease in AC
stiffness. This effect, over the range of the specification, is not gfeat, leading to an
approximate decrease in AC dynamic modulus of 6%. Figure D.3 shows the effect of asphalt
content. Within the range of the specification, asphalt content can strongly effect AC
dynamic modulus. As asphalt content increases from 4.5% to 7.0%, the dynamic modulus

decreases approximately 36%.

Figure D.4 shows the trends observed over the range of typical absolute viscosities
calculated using the Al and IDOT relationships. As can be seen, an increase in binder
absolute viscosity leads to an approximate increase in AC stiffness of 20% over the range

estimated.

The sensitivity analysis indicates that significant variation in AC mixture stiffness is
obtainable within the specified mix limits. An attempt was made to narrow this range by
examining actual mix design data obtained from three recent IDOT-DOA projects. Table D.3

shows the relevant mix design parameters obtained for the three projects. Binder viscosify 18

unknown, so AC stiffnesses were calculated over the entire range of asphalt cement absolute

viscosities. Figure D.5 shows a plof of the estimated AC stiffness using a design teinperature

based on the Design Time concept for each location.

Table D.3. Summary of mix design parameters from three Illinois projects.

Mix Morris Pontiac Mount Sterling
Parameter P-401 P-401
P-201 P-401
Pooo 5.4% 5.5% 4.9% 5.5%
Vy 2.25% 2.00% 2.00% 2.00%
P, 6.3% 6.3% 5.5% 6.1%
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Estimated Dynamic Moduli for Three Projects :
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Figure D.5. Estimated dynamic modulus based on mix design parameters and design
temperature for three Illinois projects.

Figure D.5 suggests that under local climatic conditions, the mix design a Pontiac

would have the stiffest AC material. The P-201 and P-401 at Mount Sterling would be the
next stiffest, and the P-401 at Morris would be the least stiff. Calculations were not

conducted for the P-201 at Morris because it contained recycled AC pavement.

The previous analysis did not directly compare mix stiffnesses because different
design temperatures were used in the calculations. This was addressed by calculating AC
stiffnesses for each mix at 70° F and 90° F. This also allowed a direct comparison to be made
with the results of the laboratory. investigation. Figures D.6 and D.7 show the calculated AC
dynamic moduli for each project at 70° F and 90° F, respectively. It is again observed that
Pontiac P-401 has the stiffest mix while the Morris P-401 is the least stiff, although the gap
between the two has decreased. |



Estimated Dynamic Moduli for Three Projects at 70 F
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Figure D.6. Estimated dynamic moduli for three Hlinois projects at 70° F.
Estimated Dynamic Moduli-for Three-Projects-at 90
460000 |
—— Morris
—a—Pontiac
| aspoon || — == Mt Stering P-201
—-w—- Mt Sterling P-401
% 300000 L ]
2 ———
] —_— L=
El e RSP -
-] el a==
= 250000 e == it IR WV N -
1) N [ I T e s— —
£ S — [ R
g‘ _________ .__-._'____._.-----""——.——.—_.—_.—_.—_'__.________,__-—'—
a ———e T T | e ]
Q 200000 .
150000
100000
0.6 0.8 1 12 1.4 1.6

0.4

Absolute Viscosity @ 70 F {x 10*6 poisas)

Figure D.7. Estimated dynamic moduli for three Illinois projects at 90° F.
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The average laboratory resilient modulus values for the three projects are shown in
Table 18 in this report. In comparing these laboratory resilient moduli to those calculated, a
rather large discrepancy is noted, particularly for the Pontiac P-401. The estimated range in
dynamic modulus at 70° F varies from approximately 640 ksi to 760 ksi, where the average
observed in the laboratory was 176 ksi. At 90°F, the laboratory average is 49 ksi, which is
substantially lower than the estimated range of approximately 260 ksi to 310 ksi.

The difference in cores obtained at Morris is also great, with an estimated range at 70°
F from approximately 540 ksi to 650 ksi compared to a laboratory average of 404 ksi. The
laboratory average at 90° F is 106 ksi is substantially lower than the range of 200 ksi to 240
ksi predicted based on mix design properties. The Mount Sterling P-401 surface mix at 70° F
was the only laboratory resilient modulus that fell within the estimated range. The laboratory
results for the Mount Sterling P-201 have stiffnesses below that estimated from the mix
design properties.

The potential reasons for the discrepancies are many and varied. Direct comparison of

the laboratory testing pfoc.edur.es (i.e. dynamic versus resilient modulus) is one source of

difference that might explain the observation that the laboratory moduli values were overall
lower than those predicted from the equations. Additionally, the laboratory testing was
conducted on actual cores while the calculations were made from mix properties obtained
from the mix design data. Regardless of the cause, the resuits of this analysis suggest that
considerable work is still required to identify the stiffness characteristics of IDOT-DOA GA
airport AC mixtures. It is therefore recommended that additional laboratory and analytical
investigations be conducted to establish GA mixture stiffness characteristics using known mix

parameters.

As a mechanistic based design scheme is considered for GA airport pavements, it will
be necessary to establish AC stiffness-temperature relationships similar to those used for
IDOT Class I materials [Thompson, 1986][Thompson, 1988]. To consider this in a
preliminary fashion, IDOT-DOA P-201 and P-401 specifications were used to select mid-
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rangé values for P,y,, Pacs and Vy. Mid-range binder absolute viscosities (145, 101) Were also
selected for an AC-10 using both the Al and IDOT-UI binder stiffess algorithms. The
calculated AC stiffness-temperature curves are shown in Figures D.8 and D.9. Also shown in
each figure is the IDOT-DOH Class I stiffness-temperature curve for an AC-10 {Thompson,
1986][Thompson, 1988].

In Figure D.8, which shows the relationship based on the Al algorithm, it is observed
that the IDOT-DOA mixtures have stiffnesses slightly less than an IDOT Class I mix at a
given temperature. Also, the P-401 has an estimated stiffness less than P-201 as a result of
the slightly higher mid-range P, value. The AC stifﬁnéss-temperamre relationships shown in
Figure D.9 are based on IDOT-UI algorithm. It is observed that lower AC stiffness are
estimated as a result of the lower calculated binder viscosities. This procedure ultimately may
prove to l:;e useful in the development of a mechanistic based design scheme for GA airports.
As previously mentioned, additional work is required to better identify IDOT-DOA AC
mixture stiffness characteristics. |

AC Mixture Fatigue

AC fatigue is commonly linked to maximum tensile strain induced in the AC layer
under traffic loading through the use of “transfer functions.” [Thompson, 1990]. Pell
documented two general forms of this relationship [Pell, 1987]. The first, which is shown in
Equation D.4, relates the number of repetitions to failure solely to the AC strain. The second

form, shown in Equation D.5, adds a AC modulus term to the relationship.

N= k(%) Equation D.4

N=FK (%_)n(%?acj " Equation D.5
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AC Stiffness - Temperature Relationship for Standard IDOT-DOA AC Mixturas
Using Al Stiffness Relationships ’
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Where: " N is the number of repetitions to failure.
¢ is the AC tensile strain.
E,. is the AC modulus.

K.k, n,n’, and m’ are experimentally derived coefficients.

Through consideration of mixture composition factors, split tensile strength
characteristics, and field calibration studies, the University of Illinois has developed the

following relationship for IDOT Class I AC mixtures [Gomez, 1984][Thompson, 1986]:

N =5x10"¢ (1 / 8)3'0 ' : Equation D.6
Maupin and Freeman analyzed laboratory beam fatigue tests on seven AC materials
collected from five different areas in the United States [Maupin, 1976]. They correlated the
use of indirect testing methods to AC fatigue characteristics. Their proposed constant strain

fatigue curve predication equation follows the same form as shown in Equation D.4, with k

and n related to the AC indirect tensile strength at 72°F as follows:

n=0.03740 , —0.744 Equation D.7
Log(k)=792- 01225, Equation D.8
Where: opr is the indirect tensile strength at 72° F.

Figure D.10 is obtained by plotting the number of repetitions to failure versus the
strain in the AC using the Maupin and Freeman relationships for split tensile strengths of 75
psi, 100 psi, 125 psi, and 150 psi. Also plotted is the IDOT Class I relationship. Note that
for a given AC strain, the IDOT Class I relationship predicts fewer repetitions to failure than
any of the Maupin-Freeman relationships, except the 75 psi mixture at low AC strain levels.

This reflects the impact of the field calibration studies.
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Asphalt Concrete Fatigue Relationships Based on Maupin and Freeman
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Figure D.10. AC fatigue relationship based on Maupin and Freeman [Maupin, 1976].

The FHWA Cost Allocation Study examined AC fatigue relationships patterned after
the 10% fatigue equation developed in NCHRP 1-10B [Rauhut, 1984]. In this study, the

initial relationéhip developed between “k” and “n” fora given reference temperature is shown

in Equation D.9:

n=135 - 0252Log(k) | Equation D.9

In the course of this study, Equation D.9 was modified to reflect the statistical analysis of
available fatigue data and the assumptions/approximations of the researchers. The resulting

relationship, presented in Equation D.10, is a modified version of Equation D.9.

Using the coefficient “n” derived from the Maunpin-Freeman relationship, the

coefficient “k” can be estimated using Equations D.9 and D.10. The resulting AC fatigue
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relationships for mix tensile strengths of 75 psi, 100 psi, 125 psi, and 150 psi would appear as
showm in Figures D.11 and D.12. Also shown is the IDOT Class I relationship. In Figure
D.11, it is observed that the IDOT Class I relationship typically predicts cycles to failure at a
higher number of repetitions than the first FHWA equation. Figure D.12 shows that the IDOT
Class I relationship predicts slightly fewer cycles to failure than most of the curves generating

using the modified FHWA Cost Allocation Study equation.

The mean tensile strengths of the AC materials tested in the course of this project are
presented in Table 4.16. The mean split tensile strengths vary from 106 psito 150 psi. In
light of these values and the examination of various fatigue relationships, the use of the IDOT
Class 1 faﬁgue characteristics is a good starting point for use in examining fatigue of IDOT-
DOA P-401 and P-201 AC mixtures.

Summary

As IDOT-DOA moves toward a mechanistic design procedure, P-401 and P-201 AC
stiffness and fatigue properties must be characterized. The analysis presented in this appendix

is a preliminary step toward identifying a feasible approach to accomplish this task. The
variation observed within the specifications and the inconsistencies noted when comparing
laboratory results to estimated mixture properties reveals that additional laboratory and
analytical work is required. In the interim, the use of the IDOT Class I mixture properties
provides a reasonable basis for evaluating expected IDOT-DOA P-401 and P-201 structural

behavior.
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Asphait Concrete Fatigue Relationships Modified Using FHWA Cost Allocation Study
(Based on Equation D.9)
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Figure D.11. AC fatigue relationship based on Equation D.9 from the FHWA Cost
Allocation Study.

Asphalt Corlcrate Fatigue Relationships Modified Using FHWA Cost Allocation Study
(Based on Equatlon D.10)
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Figure D.12. AC fatigue relationship based on Equation D.10 from the FHWA Cost
Allocation Study.

D-15






APPENDIX E: SUMMARY OF ILLI-SLAB RESULTS

The ILLI-SLAB two dimensional finite element model was developed at the
University of Hlinois for the analysis of one and two layer jointed PCC pavement systems |
[Tabatabaie, 1980]. In its current form, ILLI-SLAB can utilize a variety of slab support
characterization models and accommodate a temperature distribution through the slab

thickness [loannides, 1985].

In this project, the ILLI-SLAB model was used to analyze the structural response of a
PCC slab system under Beechcraft King Air B200 loading. The dual wheel system of the
King Air B200 was modeled as two 5.0 in by 5.5 in rectangles, spaced 11 in center-to-center.
Tire pressure was assumed to be 105 psi. Slab thickness was set at 6 in, corresponding to
IDOT-DOA GA practices to-date on all air-side PCC pavements. Three slab sizes (12.5 ft by
12.5 ft, 12.5 ft by 15 ft, and 12.5 ft by 20 ft) were evaluated on support values (modulus of
subgrade reaction, k) ranging from 50 to 500 psi/in. Free edge loading for the Beechcraft

King Air B200was placed at mid=slab longitudinal and transverse edge locations.— The initial

experimental matrix consisted of 108 ILLI-SLAB runs conducted without a temperature

gradient. The maximum tensile stress calculated for each configuration is presented in Table
E.1. In all cases, the longitudinal joint loading condition was found to be critical. Thus, in
the analysis of GA airport pavement loading, the longitudinal joint was selected as the critical

loading location.

The climatic effect of slab curling was considered by including a 2.5° F/in temperature
gradient (15° F from top to bottom of the slab). As indicated in Table 12 of the report, a
temperature gradient of 2.5° F/in is typically exceeded only 10% of the time over the course of
a year within the State. A positive temperature gradient (the top of the slab is warmer than the
bottom) is most critical as the curl stress is additive fo the load stress. A total of 54 ILLI-
SLAB runs were conducted with a temperature gradient with the load placed on the
longitudinal joint. The calculated maximum tensile stress for each configuration is presented
in Table E.1.



The headings in Table E.1 are defined as follows:

Load Orientation  The position of the load relative to the

length of the slab.
Slab Width The width of the slab. ft
Slab Length The length of the slab. . fit
k Modulus of subgrade reaction. psi/in
¥pcc PCC modulus of elasticity. psi
1 Radius of relative stiffness. in
LA Ratio of slab length over the

. radius of relative stiffness.

Load ¢ Maximum tensile siress generated

by applied load (no curl). ~pst
Lead +Curloc Maximum tensile stress generated

by applied load and temperature curling.: psi

The results of the ILLI-SLAB analysis were compared to work conducted by Salsilli
[Salsilli, 1993] and Lee [Lee, 1993], \&ho independently developed regression model solutions
based on ILLI-SLAB. The results of this comparison are plotted in Figures E.1 and E.2 for
load induced stresses without and with curling, respectively. For load induced stresses only,
both Salsilli’s and Lee’s model adequately predict the ILLI-SLAB solution for a 6-in thick
PCC slab under King Air B200 loading. When the influence of curling stresses are

considered, Salsilli’s model does not predict as accurately as Lee’s model.

This deficiency has been addressed in the current version of ILLI-CON [Barenberg,
1994]. This is evident in Figure E.3, which plots the ILLI-SLAR solution against Lee’s and
the current regression model incorporated in JLLI-CON. As a result of this comparison, it is
believed that either Lee’s or the current ILLI-CON regression model can be used to

adequately predict combined loading and curling stresses for typical GA airport conditions.
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Tabie E.1. Summary of ILLI-SLAB resuits.

Load Slab | Slab Load |Load +Curi
Orientation| Width|Length| k | Epcc 1 LA o ¢}
Longitudinai| 12.5} 12.5| 50]3000000|32.421| 4.6266)403.0 4794
Longitudinal|] 12.5] 12.5| 50{4000000| 34.839| 4.3055|415.0 501.5
Longitudinal| 12.5] 12.5| 50[5000000] 36.837| 4.0720|423.6 5171
Longitudinal} 12.5] 12.5] 100{ 3000000] 27.263} 5.5020| 370.5 472.9
Longitudinal] 12.5| 12.5]100| 4000000} 20.296] 5.1202| 384.4 504.6
Longitudinal| 12.5| 12.5| 100} 5000000| 30.976| 4.8425|394.8 527.9
Longitudinal| 12.5] 12.5|200| 3000000( 22.925| 6.5431]| 336.2 458 1
Longitudinal| 12.5| 12.5|200| 4000000 24.635] 6.0889 350.5 500.8
Longitudinall 12.5| 12.5|200| 5000000} 26.048| 5.7586]361.5 533.0
Longitudinal] 12.5[ 12.5|300| 3000000(20.715| 7.2411]|316.4 4476
Longitudinal| 12.5| 12.5|300]4000000] 22.260( 6.7385| 330.4 4952
Longitudinal| 12.5{ 12.5[300{5000000] 23.537| 6.3729|341.4 532.9
Longitudinal| 12.5| 12.5|400| 3000000| 19.278| 7.7808|302.7 4381
Longitudinal| 12.5| 12.5|400]| 4000000]20.715 7.2411|316.4 489.5
Longitudinal} 12.5| 12.5]400| 5000000| 21.904| 6.8481|327.3 531.0
Longitudinal] 12.5| 12.5]|500| 3000000| 18,232 8.2273|292.3 4299
Longitudinal| 12.5| 12.5|500{4000000| 19.691| 7.6566| 305.7 484 1
Longitudinal| 12.5| 12.5|500] 5000000( 20.715| 7.2411|316.4 528.6
Tranverse 12.5]1 12.5! 50(3000000| 32.421| 4.6266]363.0
Tranverse 12 5] 12.5] 50| 4000000}-34.839{_4.3055(.375.3
Tranverse 12.5| 12.5] 50| 5000000] 36.837| 4.0720|384.0
Tranverse 12.5| 12.5|100j3000000( 27.263| 5.5020( 330.1
Tranverse—|—12.5(——12.5| 100|-4000000(.29.296| - 5.1202| 344.2|
Tranverse 12.5| 12.5/100| 5000000( 30.976| 4.8425)354.8]
Tranverse 12.5] 12.5{200] 3000000| 22.925| 6.5431{295.1
Tranverse |- 12.5| 12.5{200}4000000{24.635| 6.0889|3098.7
Tranverse 12.5] 12.5(2001 5000000| 26.048| 5.7586| 320.9
Tranverse 12.5] 12.5/300|3000000(20.715| 7.24111274.9
Tranverse 12.5| 12.5| 300/ 4000000 22.2601 6.7385(289.2
Tranverse 12.5] 12.5]300| 5000000|23.537| 6.3729|300.4
Tranverse 12.5| 12.5(400]3000000] 18.278| 7.7809|261.0
Tranverse 12.5| 12.5|400j4000000]|20.715| 7.2411{274.9
Tranverse 12.6| 12.5(400|5000000]21.904| 6.8481]286.0
Tranverse 12.5] 12.5|500( 3000000| 18.232} B8.2273| 250.3
Tranverse 12.50 12.5/ 500/ 40000001 19.591| 7.6566]| 264.1
Tranverse 12.5] 12.5| 500] 5000000| 20.715| 7.2411|275.0




!

Table E.1. Summary of ILLI-SLAB results.

Load Slab | Slab Load |Load +Curl
Orientation|Width|Length| k | Epcc i LA o G
Longitudinal] 12.5 15| 50{3000000| 32.421| 5.5520|405.3 510.1
Longitudinal} 12.5 15| 50{4000000| 34.839| 5.1666|419.5 545.2
Longitudinal] 12.5 15 50| 5000000( 36.837| 4.8864]430.2 5721
Longitudinal| 12.5 15( 1001 3000000| 27.263| 6.6024]370.2 494.6
Longitudinal| 12.5 15( 100§ 4000000( 29.296| 6.1442| 384.7 530.6
Longitudinal| 12.5 15| 100| 5000000( 30.976| 5.8110} 396.0 575.8
Longitudinal| 12.5 15]200( 3000000| 22.925| 7.8517|335.8 471.2
Longitudinal| 12.5 15( 200| 4000000( 24.635| 7.3067| 350.0 524.8
Longitudinal| 12.5 151 200[ 5000000| 26.048| 6.9103| 361.0 565.8
Longitudinal| 12.5 15] 300 3000000| 20.715]| B.6894| 316.6 454.5
Longitudinal| 12.5 15| 300| 4000000( 22.260] 8.0863] 330.2 512.5
Longitudinal| 12.5 15| 300| 5000000( 23.537) 7.6475|341.0 562.3
Longitudinal| 12.5 151 400( 3000000] 18.278] 9.3371| 303.1 441.8
Longitudinal| 12.5 15(400( 4000000( 20.715| 8.6894|316.6 502.4
Longitudinal| 2.5 15(400| 5000000( 21.904} 8.2177| 327.1 555.3
Longitudinal| 12.5 15| 500 3000000] 18.2321 9.8728| 292.7 431.4
Longitudinal| 12.5 15] 5001 4000000] 19.581| 9.1879| 306.1 493.8
Longitudinal| 12.5 15| 500( 5000000 20.715| B8.68%4| 316.6 549.0
Tranverse 12.5 15| 50| 3000000( 32.421| 5.5520] 362.9
Tranverse 12.5 15| _50(.4000000| 34.839|_5.1666] 375.1
Tranverse 12.5 15| 50| 5000000( 36.837| 4.8864| 383.8
Tranverse 12.5 15| 100{ 3000000| 27.263| 6.8024| 330.0}

Tranverse 12.5]. 18] 100]| 4000000| 29.296] 6.1442| 344.1
Tranverse 12.5 15| 100( 5000000] 30.976| 5.8110| 354.7
Tranverse 12.5 15| 200{ 3000000| 22.925| 7.8517|295.1
Tranverse 12.5 15| 200{ 4000000| 24.635| 7.3067| 309.6
Tranverse 12.5 15[ 2001 5000000| 26.048| 6.9103] 320.9
Tranverse 12.5 15| 300{ 3000000} 20.715| 8.6894|274.9
Tranverse 12.5 15| 300|4000000| 22.260| 8.0863|289.2
Tranverse 12.5 15| 300| 5000000| 23.537| 7.6475|300.4
Tranverse |. 12.5 15| 400{ 3000000] 19.278| ©.3371]|261.0
Tranverse 12.5 151 4004 4000000 20.715| B.6894|274.9
Tranverse 12.5 15[ 400| 5000000] 21.904| B8.2177|286.0
Tranverse 12.5 15| 500| 3000000| 18.232| 9.8728|250.3
Tranverse 12.5 15| 500( 4000000] 19.591| 9.1879| 264.1
Tranverse 12.5 15| 500{ 5000000| 20.715| 8.6894|274.9




Table E.1. Summary of ILLI-SLAB resuls:

Load Slab | Slab Load |Load +Curl
Orientation|Width|Length| k | Epcc 1 LA g o
Longitudinal| 12.5 20} 5030000001 32.421| 7.4026]|404.8 537.3
Longitudinal{ 12.5 20| 50[4000000| 34.839| 6.8888|419.5 590.6
Longitudinall 12.5 20| 50| 5000000(36.837| 6.5152[431.0 637.4
Longitudinal| 12.5 20(100| 3000000( 27.263, B8.8031] 370.3 506.8
Longitudinal| 12.5 20{ 100{ 4000000| 22.296] 8.1922] 384.5 566.2
Longitudinal| 12.5 201100} 5000000] 30.976] 7.7479| 395.6 619.8
Longitudinal| 12.5 201{ 200} 3000000} 22.925( 10.4689| 336.7 4714
Longitudinal| 12.5 20§ 2007 4000000} 24.635] 9.74221 350.6 534.8
Longitudinal} 12.5 20{ 2001 5000000 26.048} 9.2138| 361.4 5934
Longitudinal| 12.5 20| 300] 3000000; 20.715| 11.5858( 317.3 4497
Longitudinal| 12.5 20| 300] 4000000 22.260| 10.7817{ 331.0 514.5
Longitudinal| 12.5 20| 300| 5000000| 23.537| 10.1967] 341.8 575.4
Longitudinal]l 12.5 201 400| 3000000| 19.278| 12.4404 303.6 434.3
Longitudinal| 12.5 20{400{ 4000000( 20.715( 11.5858] 317.3 499.8
Longitudinal| 12.5 20 400] 50000001 21.904( 10.9569| 327.9 561.9
Longitudinal| 12.5 20[ 500( 3000000( 18.2321 13.1637| 283.2 422.9
Longitudinal| 12.5 201 500[ 4000000| 19.591| 12.2505| 306.7 488.3
Longitudinal]{ 12.5 20| 500 5000000] 20.715] 11.5858| 317.3 551.0
Tranverse 12.5 20( 50| 3000000(32.421; 7.4026]362.8
Tranverse 12.5 20|._50] 4000000/ 34.838|_6.8888| 375.0
Tranverse 12.5 20] 50{5000000|36.837| 6.5152|383.6
Tranverse 12.6 20{ 100| 3000000( 27.263! 8.8031(330.0
Tranverse | 12.5; 20| 100]|4000000]29.296| 8.1922| 344.1
Tranverse 12.5) 20§ 100| 50000001 30.976| 7.7479| 354.6
Tranverse 12.5 20( 200] 30000001 22.925] 10.4689] 285.1
Tranverse 12.5 20| 200} 40000001 24.635| 9.7422] 309.8
Tranverse 12.5 20| 2003 50000001 26.048| 9.2138] 320.9
Tranverse 12.5 20| 300} 30000001 20.715| 11.5858] 274.9
Tranverse 12.5 20| 300} 4000000] 22.260( 10.7817} 289.2
Tranverse 12.5 20] 300| 5000000] 23.537| 10.1967| 300.4
Tranverse 12.5 20( 400] 3000000} 19.278| 12.44941 261.0
Tranverse 12.5 20| 400| 4000000] 20.715| 11.5858| 274.9
Tranverse 12.5 20| 400| 5000000[ 21.904| 10.9569| 286.0
Tranverse 12.5 20| 500( 3000000( 18.232] 13.1637{ 250.3
Tranverse 12,5 20| 500( 4000000( 19.591| 12.2505( 264.1
Tranverse 12.5 20] 5001 5000000( 20.715| 11.5858| 274.9
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Figure E.1. Compaﬁson of ILLI-SLAB to regression model solutions

proposed by Salsilli and Lee for loading stress.
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Figure E.2. Comparison of ILLI-SLAB to regression model solutions proposed by
Salsilli and Lee for combined maximum loading and curling stress.
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| Figure E.3. Comparison of ILLI-SLAB to regression model solutions proposed by
ILLI-CON and Lee for combined maximum loading and curling stress.

To analyze anticipated structural performance of PCC pavements under actual field

conditions, the free edge stresses were reduced by 25%, reflecting the load transfer efficiency
of the joints as recommended by the FAA [FAA, 1978]. It is noted this stress load transfer
efficiency translates to a deflection load transfer efficiency of approximately 85%. Figure
E.4, E.5, and E.6 show the reduction in critical stress conditions for Epcc of 3,00,000 psi,
4,000,000 psi, and 5,000,000 psi, respectively. Also illustrated is the influence of curling

stresses and slab Iengﬂl.

PCC fatigue cracking is commonly related to the stress ratio (SR) defined as the
induced tensile stress over PCC modulus of rupture (6/My). Foxworthy developed the
following relationship to estimate the PCC modulus of rupture given the Epe [Foxworthy,
1985]:
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Critical Flexural Stresses In PCC Using ILLI-SLAB (Epec = 3,000,000 psi. 25% L-T)
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Figure E.4. Calculated critical edge tensile stresses assuming a stress
load transfer efficiency of 25% (Epce = 3,000,000 psi).
Critical Flexural Strasses In PCC Based on ILLI.SLAE Analysis {Epcc = 4,000,000 psi, 25% L-T}
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Figure E.5. Calculated critical edge tensile stresses assuming a stress
load transfer efficiency of 25% (Epcc = 4,000,000 psi).
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Calculated Critical Tensile Stresses 1n PCC Using ILLI-SLAB (Epcc = 5,000,000 psi, 25% L-T)
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Figure E.6. Calculated critical edge tensile stresses assuming a stress
load transfer efficiency of 25% = 5,000,000 psi).
PCC
( EPCC\ .
M, = 42.5Kw—i-oﬁ— y +4885 Equation E-1
Where: Mg is the PCC modulus of rupture (psi).

Epec is the PCC modulus of elasticity (psi).
The equivalent My for Epqc of 3, 4, and 5 million psi are 619, 662, and 706 psi, respectively.

A number of PCC fatigue/slab cracking transfer functions are represented in the
published literature. Two have been selected for examination in this study. The Zero-
Maintenance Design equation (ZM) was derived from a 140 laboratory beam tests collected
under three previous‘studies [Darter, 1977]. The least squares regression curve for a 50%

failure probability has the following form {Darter, 1977]:




Log N =17.61-17.615R Equation E.2

Where: N is equal to the number of stress applications to failure.
SR is the stress ratio (0/Mp).

Typically, Iabbratory testing must be related to field performance to reflect the
variability inherent in field conditions (i.e. loading variability, support conditions,
construction variability, climatic conditions, etc.). To address these concermns, it is necessary
to calibrate laboratory observations to field performance. An example of such a field

calibrated mechanistic design model (MD) is presented below [Salsilli, 1993]:

5367 oy 02276
" LogN-= —SRT Log(1~ F) Equation E.3
0.0032
Where: N is equal to the number of stress applications to failure.
SR is the stress ratio (0/Mg).

P is equal to the failure probability level.

In this analysis, both PCC fatigue transfer functions were used to estimated the
allowable coverages to failure. The My was set at 619 psi, 662 psi, and 706 psi (for Epqc of
3,000,000 psi, 4,000,000 psi, and 5,000,000 psi, respectively), and the critical tensile siresses
were reduced 25% for load transfer. The percent probability of failure was set at 50%. A
pass-to-coverage ratio (P/C) of 3.48 was applied per FAA recommendations {[FAA, 1978].

Figures E.7. E.8, and E.9 present the estimated allowable passes for a probability of
failure of 50% for each fatigue model for the three E;q values. Both non-curling and curling
conditions were considered. For each PCC modulus, the general trends show with increasing

modulus of subgrade reaction, there is an increases in estimated allowable passes to failure.
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PCC Allowable Passes Using Fatigue Relationships (Epcc = 3,000,000 psi)
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Figure E.7. Estimated allowable passes for Epqc = 3,000,000 psi.
PCC Allowable Passes Using Fatigue Relationships {Epce =.4,000,000-psi)
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Figure E.8. Estimated allowable passes for Epc = 4,000,000 psi.
E-11




PCC Allowable Passes Using Fatigue Relationships (Epec = 5,000,000 psi)

1E+13 -

1E+12 ZW witholit @____.____-._f et
1E+11 4—‘/‘”—-— - _ |
/ T C r______._—
1E+10 ’_’.-——4:
/—1 $
1E+09 ]

)

L,
1E+08 1ZM with Curl |

Allowable Passas

18407

1208 ‘ :I: E_ D with Curl - x i
1E+05 I : I
1E+04
1E+03
6 5 100 150 200 250 300 350 400 450 500

Modulus of Subgrade (pei)

Figure E.9. Estimated allowable passes for Epee = 5,000,000 psi.

This trend is most pronounced when curl is not considered. The Zero- Maintenance (ZM)

model predicts higher allowable passes than the Calibrated Mechanistic Design (MD) model

under the same conditions.

Both fatigue models predict allowable passes in excess of 10,000,000 if only load
related stresses are used in the analysis. Wﬁen curling stress is combined ‘Wi'th loading stress,
however, the resulting reduction in passes is several orders of magnitude. With the MD
model, the estimated number of allowable passes to failure drops into the hundreds of

thousands.

The severe curling condition assumed is quite rare, with the pavement being exposed
to such conditions approximately 10% of the time. In typical GA airport applications, King
Air B200 loading is infrequent. Under such circumstances, a 6-in thick PCC slab is
considered structurally adequate. It is possible under heavier and more frequent traffic
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volumes, that the combined effects of load and temperature curl may coincide and lead to

structural fatigue failures in 6-in PCC slabs.

The FAA and ACPA allow the use of 5-in thick PCC slabs for aircraft having gross
maximum weights of 12,500 1bs or less. The ACPA, in their detailed design procedure,
permit the use of 4-in thick PCC for a dual wheeled[aircraft weighing 12,500 Ibs [ACPA,
1993]. To examine the impact of reduced slab thickness, Lee's closed form solution was used
to estimated maximum load and temperature induced tensile stresses. The allowable aircraft
passes were calculated using the ZM and MD models using the same procedures and inputs
previously described were used. The slab sizes were designed as recommended by ACPA,

with 8 ft and 10 ft joint spacing for the 4-in and 5-in thick pavements, respectively.

Results of this analysis are presented graphically in Figures E.10 and E.11 for the ZM
and MD models, respectively. In considering loading effects only, both models estimate that

the 5-in thick slab could carry over 1,000,000 passes if the modulus of subgrade reaction is

greater than 100 pei. Under severe curling conditions, the allowable passes are reduced to just
over 100,000. For lightly trafficked GA pavements that service King Air B200 ajrcraft, a 5-in

thickness appears to be structurally adequate. It is emphasized that this conclusion is based on
the use of 10 ft joint spacing and does not consider loading applied by service vehicles.
Longer joint spacing, heavier and more frequent aircraft volume, and/or the use of heavy

service vehicles would be expected to have an negative impact on pavement performance.

Examination of the 4-in thick slab is not as promising. Although the MD fatigue
aigorithm calculates allowable passes in the tens of thousands, it is likely outside the range for
which it was developed. This point is discussed by Salsilli, who states that beyond a stress
ratio of 0.8, beam and field data separate due to the plastic behavior of PCC under high stress
levels [Salsilli, 1993]. The stress ratio under some Ioading conditions approaches 92%, a
situation that would lead to rapid pavement failure. The Zero Maintenance model, which is

based on beam testing, predicts under 100 estimated passes of the King Air B200 aircraft to
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Passes to Failure for 4-in and 5-in Thick PCC Slabs Using the Zero-Maintenance Model
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Figure E.10. Estimated allowable passes for 4-in and 5-in thick PCC using the
Zero-Maintenance model.
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failure (assuming a reliability of 50%) for a modulus of subgrade reaction value of 50 peci. It
does not seem likely that a 4-in thick pavement can provide adeqﬁate structural performance.
This analysis was conducted assuming 8 ft joint spacing and service vehicles were not
considered. Longer joint spacing, heavier and/or more frequent aircraft loading, or the use of
any service vehicles approaching highway loading conditions would likely lead to early
structural failure of a 4-in thick PCC pavement.







APPENDIX F: ACCESS® DATA BASE

This appendix contains two tables. Table F.1 presents section inventory data contained in

the ACCESS® data base. The following information is provided:

Airport Name of Airport.

AID Three character airporf identification number.

Climatic Zone Climatic Zone in which the airport is located.
N for Northem Climatic Zone.

. C for Central Climatic Zone.

S for Southemn Climatic Zone.

Section Pavement section designation.

First three characters are AID number.
Fourth and fifth characters define feature (e.g. RW, TW, AP).

Remaining characters define IDOT-DOA section number.
Code Pavement Type (e.g. TNAC, TKAC, PCC).

Construction Date  Year that pavement is constructed (all sections are listed as being

constructed on June 1).
Thickness Layer 1 Thickness of surface layer, in.
Material Layer 1 =~ FAA material code for surface layer (e.g. P-401 or P-501).

Thickness Layer 2  Thickness of second layer, in.




Material Layer 2 FAA material code for second layer.
Thickness Layer 3  Thickness of third layer, in.
Material Layer 3 ~ FAA material code for third layer.
Thickness Layer 4  Thickness of fourth layer, in.
Material Layer4  FAA material code for fourth layer.
Slab Length Typical length of PCC slabs, ft

Slab Width ) | Typical width of PCC slabs, ft

The data has been sorted alphabetically according'to the airport name, pavement code, and

construction date.

Table F.2 provides section PCI values for each inspection date, The PCI at the time of
construction was set equal to 100. In addition to the airport name, AID number, section, and -
" code previously defined, the following additional variables are included in this table:
Inspection Date Date of inspection.

Section PCI The section PCI.

NOTE: This appendix only includes section level data. Sample unit and distress data are
available in the data base available on diskette.
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Table F.2. Summary of ACCESS data base inspection information.

Inspection |Section
Airport AID Section Code Date PCI

Beardstown K06 |KOB-AP-NN/2 TNAC 61177 100
Beardstown K06 [KO0B-AP-NN/2 TNAC 4/25/83 80
Beardstown K08 |KOB-AP-NN/2 TNAC 5/3/85 83
Beardstown K08 |KO8-AP-NN/2 TNAC 5/6/88 78
Beardstown KO8 |KO68-AP-NN/2 TNAC 6/26/90 77
Beardstown K06 |KOD6-AP-NN/2 TNAC 5129192 74
Canton CTK [CTK-RW-09/03 |TKAC 6/1/73 100
Canton CTK |CTK-TW-A/1-03 |TKAC B/1/73 100
Canton CTK |CTK-TW-A/1-03 |TKAC 8/4/80 80
Canion CTK |CTK-RW-08/03 |TKAC 8/4/80 83
Canion CTK |CTK-TW-A/1-03 [TKAGC 4/22/182 74
Canion CTK |CTK-RW-09/03 |TKAC © 4/22/82 72
Canton CTK |CTK-RW-09/03 |TKAC 5/16/84 78
Canton CTK |CTK-TW-A/1-03 |TKAC 5/16/84 79
Canton CTK |CTK-TW-A/1-03 |TKAC 5/27186 78
Canton CTK |CTK-RW-09/03 |TKAC 5/27/86 71
Canton CTK |CTK-TW-A/1-03 |[TKAC 5/10/89 72
Canton CTK |CTK-RW-08/03 [TKAC 5/10/89 72
Canton CTK (CTK-TW-A/M-03 |TKAC 5/31/a1 75
Canton CTK [CTK-RW-09/03 |TKAC 5/31/91 69
Canton CTK [CTK-TW-A/M1-03 |{TKAC 8/19/93 44
Canton CTK |CTK-RW-09/03 |TKAC 8/19/93 64
Carbondale . |MDH |MDH-AP-S8/20 |PCC B/1/74 100
Carbondale MDH |MDH-AP-88/19 [PCC 6/1/74 100
Carbondale MDH MDH-AP-85/19 (PCC 8/27/80 88
Carbondale MDH |MDH-AP-S5/20 |PCC 6/27/80 81| .
Carbondale MDH |MDH-AP-S88/20 |PCC 7/22/82 78
Carbondale MDH |MDH-AP-SS/19 |PCC 7122/82 86
Carbondale MDH IMDH-AP-38/20 |PCC B8/28/84 78
Carbondale MDH MDH-AP-3S5/19 |PCC 6/28/84 81
Carbondale MDH iMDH-AP-3835/19 |PCC 7/1/86 80
Carbondale MDH [MDH-AP-8S/20 |PCC 7/1/86 74
Carbondale MDH {MDH-AP-$5/19 |PCC 8/14/89 77
Carbondale MDH MDH-AP-SS/20 |PCC 8/14/89 67
Carbondale MDH MDH-AP-S5/18 |PCC 6/4/91 71
Carbondale MDH {MDH-AP-88/20 |PCC 6/4/91 72
Carbondale MDH |MDH-AP-88/19 PCC 8/11/93 71
Carbondale MDH |MDH-AP-8S/20 |PCC 8/11/93 68
Carmi CUL |CUL-AP-EENM PCC 6/1/76 100
Carmi CuUl. |CUL-AP-EE/M PCC 5/29/85 44
Carmi CUL |[CUL-AP-EEN PCC 6/1/88 56
Carmi CUL |CUL-AP-EEN PCC 8/12/02| 48
Carmi - CUL {CUL-TW-B/1 TKAC 6/1/89 100
Carmi CUL [CUL-TW-B/1 TKAC 8/12/92 100
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Table F.2. Summary of ACCESS data base inspection information.

_ Inspection |Section
Airport AID Section Code ‘Date PCI

Casey 1H8 [1H8-TW-B/2-5 (PCC 6/1/81 100
Casey 1H8 |1H8-TW-B/2-5 ([PCC 6/15/87 53
Casey 1H8 |1H8-TW-B/2-5 |PCC 712190 66
Casey 1H8 |1H8-TW-B/2-5 |PCC 5/5/92 27
Casey . 1H8 |1HB-TW-B/5 TNAC 6/1/81 100
Casey 1H8 11H8-TW-C/5  |TNAC 6/1/81 100
Casey 1HE8 |1HB-TW-B/1-5 |TNAC 6/1/81 100
Casey 1HE [THE8-TW-B/1-5 |TNAC 6/15/87 18
Casey 1H8 |1H8-TW-C/5 TNAC 6/15/87 37
Casey 1H8 |1H8-TW-B/5 TNAC 6/15/87 33
Casey 1H8 |1HB-TW-C/5 TNAC 712190 26(
Casey 1H8 |1HB-TW-B/5 TNAC 7/2/90 62
Casey 1H8 [1HB8-TW-C/5 TNAC 5/5/92 29
Casey 1H8 [1HB-TW-B/5 TNAC 5/5/92 42
Casey 1H8 [1H8-TW-B/1-5 |TNAC 5/5/92 37
Centralia ENL |ENL-AP-WW/06 |PCC 6/1/75 100
Centralia ENL |ENL-AP-WW/08 |PCC 5/27/81 87
Centralia ENL |ENL-AP-WW/06 |PCC 7/20/82 84
Centralia ENL |ENL-AP-WW/08 |PCC 6/27/84 06
Centralia ENL |ENL-AP-WW/06 |PCC 6/10/86 97
Centralia ENL |(ENL-AP-WW/06 |PCC 6/21/89 91
Centralia ENL |ENL-AP-WW/06 (PCC 5/8/91 92
Centralia . |ENL |ENL-AP-WW/06 PCC | = _ 8/11/93! = 94|
Centralia ENL |ENL-AP-WW/0S | TKAC 6/1/70 100
Centralia ENL |ENL-AP-WW/0S | TKAC 5/27181 52
Centralia ENL |ENL-AP-WW/08 TKAC 7/20/82 38
Centralia ENL [ENL-AP-WW/08 |TKAC 6/27/84 45
Centralia ENL [ENL-AP-WW/08 |TKAC 6/10/86 44
Centralia ENL |ENL-AP-WW/08 |TKAC 6/21/89 69
Centralia ENL [ENL-AP-WW/08 |TKAC 5/8/91 33
Centralia ENL [ENL-AP-WW/08 |TKAC 8/11/93 51
Centralia ENL |[ENL-TW-A/13 TNAC/ 6/1/86 100
Centralia ENL |ENL-RW-18/13 |TNAC 6/1/86 100
Centralia ENL |ENL-TW-A/13 | TNAC 6/21/89 84
Centralia ENL |ENL-RW-18/13 |TNAC 6/21/89 87
Centralia ENL |ENL-TW-A/13 | TNAC 5/8/91 83
Centralia ENL |ENL-RW-18/13 |TNAC 5/8/91 82
Centralia ENL |ENL-TW-A/13 [TNAC 8/11/93 73
Centralia ENL |ENL-RW-18/13 |TNAC 8/11/93 72
Dekalb DKB [DKB-AP-EE/02 |PCC 6/1/89 100
Dekalb DKB |DKB-AP-EE/02 |PCC 8/9/90 100
Dekalb DKB |DKB-AP-EE/02 |PCC 6/12/92 99
Dekalb DKB |DKB-TW-B/3-03 |TKAC 6/1/83 100
Dekalb DKB |DKB-TW-B/4-03 |TKAC 6/1/83 100
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Table F.2. Summary of ACCESS data base inspectioninformation.

Inspection |Section
Airport AID Section Code Date PCI

Dekalb DKB |DKB-TW-B/1-03 |TKAC 6/1/83 100
Dekalb DKB |DKB-TW-B/2-03 |TKAC 6/1/83 100
Dekalb DKB [DKB-TW-B/03 |TKAC 6/M1/83 100
Dekalb DKB |DKB-TW-B/03 |TKAC 7/18/85 95
Dekalb DKB |DKB-TW-B/1-03 |TKAC 7/18/85 100
Dekalb DKB |DKB-TW-B/2-03 |[TKAC 7/18/85 100
Dekaib DKB |DKB-TW-B/4-03 |TKAC 7/18/85 97
Dekaib DKB |DKB-TW-B/3-03 [TKAC 7/18/85 100
Dekalb DKB [DKB-AP-EE/01 |TKAC 6/1/88 100
Dekalb DKB |DKB-TW-B/4-04 | TKAC 6/1/88 100
Dekalb DKB |DKB-TW-B/03 |TKAC 8/1/88 23
Dekalb DKB DKB-TW-B/1-03 ITKAC 8/1/88 97
Dekalb DKB |DKB-TW-B/2-03 |TKAC 8/1/88 96
Dekalb DKB |DKB-AP-EE/01 |TKAC 8/1/88 100
Dekalb DKB |DKB-TW-B/3-03 |TKAC 8/1/88 99
Dekalb DKB |DKB-TW-B/4-03 |TKAC 8/1/88 94
Dekalb DKB |DKB-TW-B/4-04 |TKAC 8/1/88 100
Dekalb DKB |DKB-RW-08/02 |TKAC 6/1/90 100
Dekalb DKB |DKB-TW-B/1-03 |TKAC 8/8/90 85
Dekalb DKB |DKB-TW-B/2-03 |TKAC 8/9/90 73
Dekalb DKB |DKB-TW-B/4-04 |TKAC 8/9/90 100
Dekalb DKB DKB-TW-B/4-03 [TKAC 8/9/90 94
Dekalb . |DKB |DKB-RW-09/02 |TKAC| = 8/9/90; 100
Dekaib - DKB |DKB-TW-B/03 |TKAC 8/9/90 79
Dekalb DKB |DKB-AP-EE/01 |TKAC 8/9/90 100
Dekalb DKB {DKB-TW-B/3-03 |TKAC 8/9/90 72
Dekalb DKB DKB-TW-D/1-01 |[TKAC 6/1/01 100
Dekalb . DKB [DKB-TW-D/01 TKAC 6/1/91 100
Dekalb DKB |DKB-TW-D/01 | TKAC 6/12/92 100
Dekalb DKB |DKB-TW-B/1-03 |TKAC 8/12/92 66
Dekalb DKB |DKB-TW-B/2-03 |TKAC 6/12/92 87
Dekalb DKB |DKB-TW-B/03 |TKAC 6/12/92 81
Dekalb DKB |DKB-AP-EE/01 |TKAC 6/12/92 99
Dekalb DKB |[DKB-TW-B/4-04 |TKAC 6/12/92 95
Dekalb DKB |DKB-TW-B/4-03 [TKAC 6/12/92 83
Dekalb DKB |DKB-RW-09/02 |TKAC 6/12/92 99
Dekalb DKB |DKB-TW-D/1-01 |TKAC 6/12/92 100
Dekalb PKB |DKB-TW-B/3-03 |TKAC 6/12/92 82
Dixon C73 |C73-RW-08/09 |TKAC - 6/1/83 100
Dixon C73 |C73-TW-A/09 TKAC 6/1/83 100
Dixon C73 |C73-RW-08/09 |TKAC 7M0/84 100
Dixon C73 |1C73-TW-A/09 TKAC 7/M10/84 100
Dixon C73 |C73-RW-08/09 |TKAC 7/14/86 61
Dixon C73 |C73-TW-A/09 TKAC 7/14/86 60
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Table F.2. Summary of ACCESS data base inspection information.

Ingpection |Section
Airport AlD Section Code Date PCI

Dixon C73 |C73-RW-08/09 |TKAC 8/1/88 92
Dixon C73 [C73-TW-A/09 TKAC 8/1/88 92
Dixon C73 |C73-TW-A/Q9 TKAC 7/18/30 59
Dixon C73 |C73-RW-08/09 |TKAC 7/18/90 64
Dixon C73 |C73-RW-08/08 |TKAC 6/12/92 53
Dixon C73 IC73-TW-A/09 TKAC 6/12/92 40
Dixon Sprgs Y51 |Y51-AP-EE/01  |TKAC 6/1/68 100
Dixon Sprgs  [Y51 |Y51-RW-15/01 |TKAC 6/1/68 100
Dixon Sprgs Y51 |Y51-TW-A/01 TKAC 6/1/68 100
Dixon Sprgs Y51 |Y51-AP-EE/01  |TKAC 5/30/85 57
Dixon Sprgs Y51 |Y51-RW-15/01 |TKAC 5/30/85 46
Dixcn Sprgs Y51  |Y51-TW-A/D1 TKAC 5/30/85 51
Dixon Sprgs Y51 |Y51-AP-EE/01  [TKAC 6/8/87 67
Dixon Sprgs Y51 |Y51-TW-A/01 TKAC 6/8/87 70
Dixen Sprgs Y51 |Y51-RwW-15/01  |TKAC 6/8/87 63
Dixon Sprgs  |Y51 |Y51-AP-EE/01 |[TKAC 8/3/90 75
Dixon Sprgs Y51 |Y51-RW-15/01 |TKAC 8/3/90 62|
Dixon Sprgs Y51 |Y51-TW-A/01 TKAC 8/3/90 73
Dixon Sprgs Y51 |Y51-TW-A/01 TKAC 8/6/92 80
Dixon Sprgs  [Y51  |Y51-RW-15/01 [ TKAC 8/6/92 69
Dixon Sprgs Y51 |Y51-AP-EE/01 |TKAC 8/6/92 71
Dupage DPA |DPA-AP-NE/10 |PCC B/1/77 100
Dupage DPA |DPA-AP-NE/O |PCC 7/28/82| = 46
Dupage DPA |DPA-AP-NE/M0 |PCC 7/25/84 49
Dupage DPA |DPA-AP-NW/24 IPCC 6/1/86 100
Dupage DPA |DPA-AP-NE/MO |PCC B/4/86 37
Dupage DPA |DPA-AP-EE/1 PCC 6/1/88 100
Dupage DPA |DPA-AP-NE/0 |PCC 8/2/88 34
Dupage DPA |DPA-AP-NW/24 |PCC 8/2/88 100
Dupage DPA |DPA-AP-NW/24 |PCC 7131191 94
Dupage DPA |DPA-AP-NEMD |PCC 7131781 29
Dupage DPA |DPA-AP-EE/1 PCC 7/31/91 100
Dupage DPA |DPA-TW-X/8-1 |PCC 6/1/92 100
Dupage DPA |DPA-RW-1-R/1 |PCC 6/1/92 100
Dupage DPA |DPA-TW-X/2-1 |PCC 6/1/82 100
Dupage DPA |DPA-TW-X/1 PCC 6/1/92 100
Dupage DPA |DPA-TW-X/4-1  IPCC 6/1/92 100
Dupage DPA [DPA-AP-NE/MO [PCC 9/8/93 19
Dupage DPA |DPA-AR-NW/24 |PCC 9/8/93 100
Dupage DPA |PPA-AP-EEM ~ |PCC 9/8/93 92
Dupage DPA |DPA-TW-X/8-1 |PCC 9/8/93 100
Dupage DPA |DPA-TW-X/4-1 |PCC 9/8/93 100
Dupage DPA |DPA-TW-X/1 PCC 9/8/93| 100
Dupage DPA |DPA-TW-X/2-1 |PCC 9/8/93 100
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Table F.2. Summary of ACCESS data base inspection information.

Inspection |Section
Airport AlD Section Code Date PCI

Dupage -+ |DPA |DPA-RW-1-R/ IPCC 9/8/93 100
Dupage DPA |DPA-TW-T/ TKAC 6/1/82 100
Dupage DPA |DPA-TW-T/5-1 | TKAC 6/1/84 100
Dupage DPA |DPA-TW-T/4-1 |TKAC 6/1/84 100
Cupage DPA |DPA-TW-T/3-1 |TKAC 6/1/84 100
Dupage DPA |DPA-TW-T/2-1 |TKAC 6/1/84 100
Dupage DPA |DPA-TW-T/2 TKAC 6/1/84 100
Dupage DPA |DPA-TW-T/1-1 |TKAC 6/1/84 100
Dupage DPA |DPA-TW-T/1-1  {TKAC 7/31/91 59
Dupage DPA |DPA-TW-T/2-1 [TKAC 7131/91 86
Dupage DPA |DPA-TW-T/4-1 | TKAC 7/31/91 87
Dupage DPA |DPA-TW-T/2 TKAC 7/31/91 76
Dupage DPA |DPA-TW-T/5-1 |TKAG 7131491 92
Dupage DPA |DPA-TW-T/3-1 |TKAC 7131/91 78
Dupage DPA |DPA-TW-T/ TKAC 7/31/91 76
Dupage DPA |DPA-TW-T/2-1 |TKAC 9/8/93 687
Dupage DPA |DPA-TW-T/1-1 |TKAC 9/8/93 82
Dupage DPA |DPA-TW-T/3-1 |TKAC 9/8/93 89
Dupage DRPA |DPA-TW-T/5-1 |TKAC 9/8/93 84
Dupage DPA |DPA-TW-T/4-1 |TKAC 9/8/93 81
Dupage DPA |DPA-TW-T/ TKAC 9/8/93 75
Dupage DPA |DPA-TW-T/2 TKAC 9/8/93 77
Dupage DPA |DPA-AP-NW/@ | TNAC - 6/1/69 100
Dupage DPA [DPA-AP-NW/9 |TNAC 8/14/80} 30
Dupage DPA |DPA-AP-NW/3 |TNAC 7/28/82| 53
Dupage DPA DPA-AP-NW/9 |TNAC 7125184 &
Dupage DPA DPA-AP-NW/3 |TNAC 8/4/86 10
Dupage DPA |DPA-AP-EE/2  |TNAC 6/1/87 100
Dupage DPA {DPA-AP-NWf9 |TNAC 8/2/88 0
Dupage DPA |DPA-AP-NW/9 TNAC 7/31/91 0
Dupage DPA |DPA-AP-EE/Z ~ |TNAC 7/31/81 100
Dupage DPA |DPA-AP-EE/2 TNAC 5/8/93 91
Dupage DPA |DPA-AP-NW/9 |TNAC 9/8/93 20
Effingham 1H2  [1HZ2-TW-CAH1 PCC 6/1/83 100
Effingham 1H2 |1H2-RW-11/11 |PCC 6/1/83 100
Effingham 1H2 |1H2-AP-NN/03 |PCC 6/1/85 100
Effingham 1H2 |1H2-RW-11/11 |PCC 10/2/85 g2
Effingham 1H2 |1H2-TW-C/11 PCC 10/2/85 95
Effingham 1H2 1H2-TW-C/11 PCC 5/19/87 94
Effingham 1H2 [1H2-RW-11/11 |PCC 5/19/87 88
Effingham 1H2  |1H2-TW-C/11 PCC 7/2/90 96
Effingham 1H2 (1H2-RW-11/11  |PCC 7/2/90 81
Effingham 1H2 {1H2-AP-NN/03 |PCC 7/2/90 100
Effingham TH2 |1H2-AP-NN/O3 |PCC 6/24/92 100
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Table F.2. Summary of ACCESS data base inspection-information.

Inspection |Section
Airport AID Section Code Date PCI

Effingham 1H2 |1H2-RW-11/11  |PCC 6/24/92 95
Effingham 1H2 1H2-TW-C/11 PCC 6/24/92 86
Effingham 1H2 |1H2-RwW-01/081 |TKAC 6i1/74 100
Effingham 1H2 1H2-RW-01/092 |TKAC 611174 100
Effingham 1H2 |1H2-RW-01/091 |TKAC 6/11/81 81
Effingham 1H2 1H2-RW-01/081 |TKAC 5/17/83 73
Effingham 1H2 MH2-RW-01/092 |TKAC 5/17/83 74
Effingham 1H2 1H2-RW-01/091 | TKAC 10/2/85 53
Effingham 1H2 |1H2-RW-01/092 |TKAC 10/2/85 57
Effingham 1H2 |1H2-AP-NN/01 |TKAC 6/1/86 100
Effingham 1H2 |1H2-RW-01/082 |TKAC 5/19/87 74|
Effingham 1H2 |1H2-RW-01/081 |TKAC 5/19/87 71
Effingham 1H2 |1H2-AP-NN/01 | TKAC 712190 97
Effingham 1H2 |1H2-AP-NN/Q1  |TKAC 6/24/92 90
Effingham 1H2 |1H2-RW-09/08 |TNAC 6/1/76 100
Effingham 1H2 [1H2-RW-09/08 |[TNAC &/11/81 83
Effingham 1H2 |1H2-RW-09/08 |TNAC 5/17/83 69
Fairfield 2H3 |2H3-TW-A/1-01 |TKAC 6/1/89 100
Fairfield 2H3 |2ZH3-TW-A/01 TKAC 6/1/89 100
Fairfield 2H3 |2ZH3-TW-A/1-01 |TKAC 5/14/91 100
Fairfield 2H3  |2H3-TW-A/01 TKAC 5/14/91 100
Fairfield 2H3 |2HM3-RW-09/03 |TKAC 6/1/91 100
Flora H84 |H84-AP-WW/4 |TKAC - 8179 100
Ficra HB84 |H84-AP-WW/4 |TKAC 6/11/81 86
Flora H84 |HB4-AP-WW/4 |TKAC 7/20/82 95
Flora HB4 HB4-AP\WW/4 [TKAC 6/27/84 92
Flora H84 |H84-TW-C/6 TKAC 6/1/85 100
Flora H84 |[HB4-RW-3/2 TKAC 6/1/85 100
Flora H84 HB4-TW-C/6 TKAC 6/9/86 100
Flora H84 |HB4-RW-3/2 TKAC 6/8/86 100
Flora HB4 |HB4-AP-WW/4 |TKAC B/2/86 79
Flora Ha4 |HB4-RW-3/2 TKAC 4/26/89 93
Flora H84 |HB4-AP-WW/4 |TKAC 4/26/88 82
Flora H84 |HB4-TW-C/6 TKAC 4/26/88 93
Flora H84 |HB4-AP-WW/4 |TKAC 5/8/91 82
Flora H84 |HB4-TW-C/6 TKAC 5/8/91 93
Flora H84 |HB4-RW-3/2 TKAC 5/8/91 85
Flora H84 HB4-AP-WW/4 |TKAC| 5/19/93 87
Flora H84 H84-RW-3/2 TKAC 5/19/93 83
Flora 184 |HB84-TW-C/6 TKAC 5/19/93 85
Freeport FEP |FEP-TW-A/04 |TKAC 8/1/68 100
Freeport FEP {FEP-TW-A/04 TKAC 7/22/81 76
Freeport FEP |FEP-TW-C/06 |TKAC 6/1/83 100
Freeport FEP |FEP-TW-B/06 TKAC 6/1/83 100
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Table F.2. Summary of ACCESS data base inspection information.

Inspection |Section
Airport AID Section Code Date PCI

Freeport FEP |FEP-TW-C/1-06 |TKAC 6/1/83 100

Freeport FEP |FEP-TW-B/06 |TKAC 7/14/83 100

Freeport FEP |FEP-TW-A/04 TKAC 7/14/83 60

Freeport FEP |FEP-TW-C/1-06 |TKAC 7116185 100

Freeport FEP |FEP-TW-C/06 TKAC 7/16/85 100

Freeport FEP |[FEP-TW-A/04 [TKAC 7/16185 57

Freeport FEP |[FEP-TW-B/06 |TKAC 7/16/85 100

Freeport FEP |FEP-TW-C/06 |TKAC 8/6/87 a8

Freeport FEP |FEP-TW-C/1-06 |TKAC 8/6/87 86

Freeport FEP |FEP-TW-A/04 TKAC - 8/6/87 50

Freeport FEP |FEP-TW-B/06 |TKAC B/6/87 88

Freeport FEP |FEP-TW-C/1-08 |TKAC 6/6/89 86

Freeport FEP |FEP-TW-C/06 |TKAC 6/6/89 88

Freeport FEP |FEP-TW-A/04 |TKAC 6/6/89 59

Freeport FEP |FEP-TW-B/06 |TKAC 6/6/89 77

Freeport FEP |(FEP-TW-C/06 |TKAC 5/8/91 73

Freeport FEP |FEP-TW-C/1-06 |TKAC 5/8/91 a9

Freeport FEP |FEP-TW-B/06 |TKAC 5/8191 74

Freeport FEP |FEP-TW-A/04 TKAC 5/8/91 56

Freeport FEP FEP-TW-A/04 |TKAC 7/30/93 65

Freeport FEP |FEP-TW-D/01  [TNAC 6/1/83 100

Freeport FEP [FEP-TW-D/2-01 {TNAC 6/1/83 100

Freeport FEP |FEP-TW-D/3-01 |TNAC 6/1/83 100

Freeport FEP |FEP-AP-NN/0O1 |TNAC 6/1/88 100

Freeport FEP |FEP-RW-06/02 |TNAC 6/1/89 100

Freeport FEP |FEP-AP-NN/O1 |TNAC 5/6/89 93

Freeport FEP |FEP-RW-06/02 |TNAC 5/8/91 96

Freeport FEP |FEP-AP-NN/01 |TNAC 5/8/91 79

Freeport FEP |FEP-TW-D/1-01 |TNAC 6/1/91 100

Freeport |FEP |FEP-TW-D/02 |TNAC 6/1/91 100

Freeport FEP |FEP-TW-A/2-01 |TNAC 6/1/91 100

‘ ‘ Freeport FEP |FEP-TW-D/01 TNAC 5/1/93 91
| Freeport FEP |FEP-TW-D/1-D1 |TNAC 5/1/83 89
Freeport FEP |FEP-TW-D/02 |TNAC| 5/1/93 92

Freeport FEP [FEP-TW-D/3-01 |TNAC 5/1/93 66

| Freeport FEP |FEP-TW-D/2-01 |TNAC 5/1/93 79
| Freeport FEP |FEP-TW-A/2-01 |TNAC 5/1/93 97
i Freeport FEP FEP-RW-06/02 (TNAC 7/30/93 85
‘ Freeport FEP |FEP-AP-NN/01 |[TNAC 7/30/93 a2
; Galesburg GBG |GBG-AP-NN/8  |TKAC 6/1/69 100
‘ Galesburg GBG |GBG-AP-NN/14 |TKAC 6/1/80 100
| Galeshurg GBG |GBG-AP-NN/14 |TKAC 7/23/81 89
| Galesburg GBG |GBG-AP-NN/8 |TKAC 7/23781 60
‘ Galesburg GBG |GBG-AP-NN/8  |TKAC 7/12/83 68
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Table F.2. Summary of ACCESS data base inspection information,

Inspection |Section
Airport AlD Section Code Date PCl

Galesburg GBG [GBG-AP-NN/14 TKAC 7/12/83 94
Galesburg GBG [GBG-AP-NN/8 | TKAC 7/16/85 83
Galesburg GBG |GBG-AP-NN/14 | TKAC 7/16/85 81
Galesburg GBG |GBG-AP-NN/14 | TKAC 8/5/87 75
Galesburg GBG |GBG-AP-NN/8 - |TKAC 8/5/87 84
Galeshurg GBG |GBG-AP-NN/8 |TKAC 5/10/89 82
Galeshurg GBG |GBG-AP-NN/14 [TKAC 5/10/89 73
(Galesburg GBG |GBG-AP-NN/14 |TKAC 8/15/91 78
Galesburg GBG |GBG-AP-NN/14 |[TKAC 8/19/93 58
Greenville GRE |GRE-AP-EE/4 |TNAC 6/1/76 100
Greenville GRE |GRE-AP-EE/M4 | TNAC 5/28/81 86
Greenville GRE |GRE-AP-EE/4 TNAC 4/25/83 80
Greenville GRE |GRE-AP-EE/4 |TNAC|. 8/30/85 76
Greenville GRE |GRE-AP-EE/4 |TNAC 5/13/87| 73
Greenville GRE |GRE-AP-EE/4 |[TNAC 6/12/90 59
Greenvilie GRE |GRE-AP-EE/M4 |TNAC 6/24/92 58
Grir. Kankakee |IKK [IKK-RW-04/20 |TKAC 6/1/86 100
Grir. Kankakee |[KK [IKK-TW-A/20 TKAC 6/1/86 100
Grir. Kankakee |[KK |IKK-TW-D/23 TKAC 6/1/36 100
Grir. Kankakee [IKK  [IKK-RW-16/01 TKAC 6/1/88 100
Grir. Kankakee |IKK  |[IKK-TW-A/20 TKAC 8/3/88 100
Grir. Kankakee |IKK |IKK-TW-D/23 TKAC 8/3/88 100
Grir. Kankakee |IKK |IKK-RW-04/20 | TKAC 8/3/88 100
Grtr. Kankakee [IKK | IKK-RW-16/01 TKAC 6/6/91 100
Grtr. Kankakee [[KK |IKK-RW-04/20 | TKAC 6/6/91 81
Grir. Kankakee [IKK | IKK-TW-A/20 TKAC 5/6/91 84
Grir. Kankakee {IKK  [IKK-TW-D/23 TKAC 6/6/91 93
Grtr. Kankakee |IKK |IKK-RW-16/01 . |TKAC 7115193 89
Grir. Kankakee |IKK |IKK-TW-A/20 TKAC 7/15/93 83
Grtr. Kankakee |IKK  |IKK-TW-D/23 TKAC 7i15/93 g2
Grtr. Kankakee | IKK |IKK-RW-04/20 {TKAC 7/15/83 77
Grir. Kankakee |IKK |IKK-AP-SS/10  |TNAC 8/1/78 100
Grir. Kankakee |IKK |IKK-AP-SSM0 [ TNAC 7/30/80 93| -
Grir. Kankakee |IKK  |IKK-AP-SS/10 TNAC 718182 90
Grtr. Kankakee [IKK |IKK-AP-SS/10 |[TNAC 7/24/84 85
Grir. Kankakee |IKK |IKK-TW-D/22 TNAC 6/1/86 100
Grir. Kankakee |IKK |IKK-TW-A/3-22 |TNAC 6/1/86 100
Grir. Kankakee |IKK | IKK-AP-SS/10 TNAC 7/15/86 79
Grir. Kankakee |IKK | IKK-TW-D/22 TNAC 8/3/88 100
Grir. Kankakee |IKK [IKK-AP-SS/10 TNAC 8/3/88 75
Grir. Kankakee |IKK [IKK-TW-A/3-22 [TNAC 8/3/88 100
Grir. Kankakee |IKK [IKK-TW-D/22 TNAC 6/6/91|- 91
Grir. Kankakee |IKK [IKK-TW:=A/3-22 | TNAC B/6/91 81
Grir. Kankakee |IKK TNAC 6/6/91 53

IKK-AP-55/10
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Table F.2. Summary of ACCESS data base inspection information.

Inspection |Section
Airport AID Section Code Date PCI

Grir. Kankakee |IKK (IKK-TW-A/3-22 |TNAC 7/15/93 77
Grir. Kankakee (IKK  |[IKK-TW-D/22 TNAC 715193 88
Jacksonville {IJX |[IUX-AP-8S/9 PCC 6/1/87 100
Jacksonville |lJX  |lUX-AP-8S/9 PCC 5/20/81 78
Jacksonville IUX |lJX-AP-SS/9 PCC 4/25/83 a0
Jacksonville  |IJX  |lUX-AP-SS/9 PCC 5/3/85 83
Jacksonville X |IUX-AP-S5/9 PCC 5/6/88 76
Jacksonville |IJX  |lUX-AP-SS/9 PCC 6/26/90 84
Jacksonville |lUX |IJX-AP-88/9 PCC 9/3/92 78
Jacksonville |lUX |IJX-TW-B/3 TNAC 6/1/67 100
Jacksonville  |IJX  |IJX-TW-B/B TNAC 5/20/81 75
Jacksonville  |IJX  |IJX-TW-B/8 TNAC 4/25/83 55
Jacksonvile  |IUX  |[IUX-TW-B/8 TNAC 5/3/85 49
Jacksonville  |IWX  [IUJX-TW-B/8 TNAC 5/6/88 37
JJacksonville (X |IJX-TW-B/8 TNAC 6/26/90 37
Joliet PD JOT [JOT-AP-NW/4  |PCC 6/1/91 100
Joliet PD JOT [JOT-AP-NW/4 |PCC 8/3/93 100
Joliet PD JOT [JOT-TW-C/2 TKAC 6/1/84 100
Joliet PD JOT [JOT-TW-C/2-2 |TKAC 6/1/84 100
Joliet PD JOT [JOT-TW-C-1/2-2 |TKAC 6/1/84 100
Joliet PD JOT [JOT-AP-NW/2 |TKAC 8/1/84 100
Joliet PD JOT [JOT-TW-D/2-6 |[TKAC 6/1/85 100
Joliet PD JOT [JOT-TW-C/5 = |TKAC 6/1/85 100
Joliet PD JOT [JOT-TW-D/6 TKAC 6/1/85 100
Joliet PD JOT [JOT-TW-D/1-6 |TKAC 6/1/85 100
Joliet PD JOT [JOT-TW-D/3-68 |TKAC 6/1/85 100
Joliet PD JOT |JOT-AP-NW/22 |TKAC 7/16/86 100
Joliet PD JOT |JOT-TW-D/3-6 |TKAC 7/16/86 100
Joliet PD JOT [JOT-TW-C/2-2 |TKAC 7/16/86 100
Jaliet PD JOT [JOT-TW-D/2-6 |TKAC 7/16/86 100
Jaliet PD JOT [JOT-TW-D/1-68 |TKAC 7/16/86 100
Jaliet PD JOT |JOT-TW-D/6 TKAC 7/16/86 100
Joliet PD JOT [|JOT-TW-C-1/2-2 |TKAC 7/16/86 100
Joliet PD JOT [JOT-TW-C/2 TKAC 7/16/86 100
Joliet PD JOT |JOT-TW-C/5 TKAC 7/18/86 100
Joliet PD JOT |JOT-TW-D/26 |TKAC 6/30/89| 79
Joliet PD JOT (JOT-TW-D/6 TKAC 6/30/88 a9
Joliet PD JOT (JOT-AP-NW/2 [TKAC 6/30/89 79
Joliet PD JOT [JOT-TW-C/2 TKAC 6/30/89 92
Joliet PD JOT [JOT-TW-D/3-6 |TKAC 6/30/89 85
Joliet PD JOT |JOT-TW-C/5 TKAC 6/30/89 93
Joliet PD JOT [JOT-TW-C-1/2-2 |[TKAC 6/30/89 a5
Joliet PD JOT (JOT-TW-C/2-2 |TKAC 6/30/89 97
Joliet PD JOT [JOT-TW-D/16 |TKAC 6/30/89 86
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Table F.2. Summary of ACCESS data base inspection-information.

inspection |Section

Airport AlD Section Code Date PCI
Joliet PD JOT |JOT-TW-D/1-1  |TKAC 6/1/90 100
Joliet PD JOT [JOT-TW-Di2-1  |TKAC 6/1/90 100
Joliet PD JOT |JOT-AP-NW/2 |TKAC 8/13/91 75
Joliet PD JOT |JOT-TW-C/2-2 |TKAC 8/13/91 90
Joliet PD JOT |JOT-TW-C/5 TKAC 8/13/91 82
Joliet PD JOT [JOT-TW-C/2 TKAC 8/13/91 87
Joliet PD - JOT JOT-TW-D/3-6 |TKAC 8/13/91 77
Joliet PD JOT JOT-TW-C-1/2-2 |TKAC 8/13/91 84
Joliet PD JOT [JOT-TW-Df2-6 |TKAC 8/13/91 78
Joliet PD JOT |JOT-TW-D/1-6 |TKAC 8/13/91 83
Joliet PD JOT |JOT-TW-D/6 TKAC 8/13/91 71
Joliet PD JOT (JOT-TW-Di2-1  |TKAC 8/13/91 100
Joliet PD JOT [JOT-TW-D/1-1  [TKAC 8/13/91 100
Joliet PD JOT |JOT-TW-D/1-1  |TKAC 8/3/93 100
JJoliet PD JOT [(JOT-TW-D/3-6 |TKAC 8/3/93 64
Joliet PD JOT |JOT-TW-D/2-1  |TKAC 8/3/93 100
Joliet PD JOT [JOT-TW-C-1/2-2 |TKAC 8/3/93 86
Joliet PD JOT |JOT-TW-D/1-6 [TKAC 8/3/93 78
Joliet PD JOT |JOT-TW-D/6 TKAC 8/3/93 78
Joliet PD JOT [JOT-TW-D/2-6 {TKAC 8/3/93 81
Joliet PD JOT |JOT-TW-C/2 TKAC 8/3/93 88
Joliet PD JOT |JOT-TW-C/5 TKAC 8/3/93 79
Joliet PD JOT |JOT-TW-C/2-2 |TKAC| 8/3/93| 88
Joliet PD JOT |JOT-AP-NW/2 TKAC 8/3/93 75
Joliet PD JOT |JOT-TW-B/1-1 {TNAC 6/1/82 100
Joliet PD JOT [|JOT-TW-B/3-1 |TNAC 6/1/82 100
Joliet PD JOT [JOT-TW-B/2-1 |TNAC 6/1/82 100
Joliet PD JOT [JOT-TW-BA TNAC 6/1/82 100
Joliet PD JOT [JOT-TW-B/1 TNAC 7/12/84 100
Joliet PD JOT [JOT-TW-B/1-1  |TNAC 7/12/84 100
Joliet PD JOT |JOT-TW-B/3-1 |TNAC 7/12/84 100
Joliet PD JOT |JOT-TW-B/2-1 |TNAC 7/12/84 100
Joliet PD JOT |JOT-TW-B/1-1  |TNAC 7/16/86 100
Joliet PD JOT [JOT-TW-B/3-1 |TNAC 7/16/86 100
Joliet PD JOT |JOT-TW-B/M TNAC 7/16/86 100
Joliet PD JOT JOT-TW-B/2-1 TNAC 7/16/86 100
Joliet PD JOT [JOT-TW-B/ TNAC 6/30/89 81
Joliet PD JOT |JOT-TW-B/1-1 |[TNAC 6/30/89 79
Joliet PD JOT |[JOT-TW-B/2-1  |TNAC 6/30/89 78
Joliet PD JOT |JOT-TW-B/3-1 |TNAC 6/30/89 81
Joliet PD JOT |JOT-TW-B/1-1 |[TNAC 8/13/91 71
Joliet PD JOT |JOT-TW-B/1 TNAC 8/13/91 71
, Joliet PD JOT |JOT-TW-Bf2-1 |TNAC 8/13/91 55
5 Joliet PD JOT |JOT-TW-B/3-1 |TNAC 8/13/91 66
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Table F.2. Summary of ACCESS data base inspectioninformation.

_ Ingpection |Section
Airport AID " Section Code Date PCi

Kewanee Co7 |CO7-AP-SE/04 | TKAC 6/1/79 100
Kewanee CO7 |CO7-AP-SE/04 |TKAC 7114181 o3
Kewanee C07 ICO7-AP-SE/06 {TKAC 6/1/83 100
Kewanee CO07 [CO7-TW-A/D5 TKAC 6/1/83 100
Kewanee CO07 |CO7-AP-SE04 | TKAC 7/12/83 a7
Kewanee C07 1CO7-AP-SE/04 TKAC 7/17/85 83
Kewanee C07 |CO7-AP-SE/06 |TKAC 7/17/85 100
Kewanee C07 |CO7-TW-A/05 TKAC 7/17/85 100
Kewanee C07 |CO7-AP-SE/04 |TKAC 6/17/88 81
Kewanee C07 |CO7-AP-SE/06 |TKAC 6/17/88 83|
Kewanee C07 |CO7-TW-A/05 'TKAC 6/17/88 a3
Kewanee C07 |CO07-RW-09/01 |TKAC 6/1/89 100
Kewanee C07 |CO7-AP-SE/06 |TKAC 7117/90 86
Kewanee CO7 |CO7-AP-SE/04  |TKAC 7117/90 68
Kewanee CO7 |CO07-RwW-08/01 |TKAC 7117/90 98
Kewanee C07 |CO7-TW-A/05 TKAC 7M17/80 89
Kewanee C07 |CO07-AP-SE/04 |TKAC 5/19/92 68
Kewanee C07 |CO7-AP-SE/06 |TKAC 5/19/02 75
Kewanee C07 |CO7-RW-08/01 | TKAC 5/19/92 100
Kewanee C0O7 |CO7-TW-A/05 |TKAC 5/19/92 84
Lacon C75 |C75-RW-13/01 |TKAC 6/1/87 100
Lacon C75 |C75-TW-C/01 TKAC 6/1/87 100
Lacon C75 |C75-RW-13/01 |TKAC 6/6/88| = 99
Lacon C75 |C75-TW-C/01 TKAC 6/6/89 100
Lacon C75 |C75-AP-WW/03 |TKAC 6/1/90 100
Lacon C75 |C75-AP-WW/03 |TKAC 626791 96
Lacon C75 |C75-RW-13/01 (| TKAC B/26/91 80
Lacon C75 |C75-TW-C/01 TKAC B/26/91 a0
Lansing 3HA |3HA-AP-NN/01 |PCC 6/1/87 100
Lansing 3HA |3HA-AP-NN/03 |PCC 6/1/90 100
L.ansing 3HA |3HA-AP-NN/01 [PCC 8/3/80 100
l.ansing 3HA |3HA-AP-NN/03 |PCC 8/3/80 100
l.ansing 3HA |3HA-AP-NN/04 |PCC 6/1/91 100
Lansing 3HA |3HA-AP-NN/01 |PCC 7/24/92 94
Lansing 3HA |3HA-AP-NN/04 |PCC 7124192 100
Lansing 3HA |3HA-AP-NN/03 |PCC 7124192 98
Lansing 3HA |3HA-RW-09/02 |TNAC 6/1/88 100
Lansing 3HA |3HA-TW-B/2-01 [TNAC 6/1/20 100
Lansing 3HA |3HA-TW-B/1-01 [TNAC 6/1/90 100
Lansing 3HA |3HA-AP-WW/02 ITNAC 6/1/90 100
Lansing 3HA |3HA-TW-A/01 TNAC 6/1/90 100
Lansing 3HA |3HA-TW-B/3-01 |TNAC 6/1/80 100
Lansing 3HA [3HA-TW-B/01 TNAC 6/1/90 100
Lansing 3HA |3HA-RW-08/02 |TNAC 8/3/90|° 100
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Table F.2. Summary of ACCESS data base inspection information.

Inspection |Section

Airport AID Section Code Date PCi
Lansing 3HA |3HA-AP-WW/02 [TNAC 8/3/80 100
Lansing 3HA |3HA-TW-B/2-01 |TNAC 7/24/92 100
Lansing 3HA |3HA-RW-09/02 |TNAC 7124192 85
Lansing 3HA |3HA-TW-A/D1 TNAC 7124192 100
Lansing 3HA |3HA-TW-B/01 TNAC 7124192 100
Lansing 3HA 13HA-TW-B/1-01 1TNAC 7124192 100
|Lansing 3HA [3HA-AP-WW/02 | TNAC 7124/92 94
Lansing 3HA [3HA-TW-B/3-01 |TNAC 7/24/92 100
Litehfield 3LF |3LF-AP-EEN PCC 6/1/84 100
Litchfield 3LF |3LF-AP-EEN PCC 7/10/85 100
Litchfield 3LF |3LF-AP-EEN PCC 5/13/87 a9
Litchfield 3LF |3LF-AP-EE/1 PCC 6/12/90 85
Litchfield 3LF |3LF-AP-EEM PCC 8/20/92 91
Litchfield 3LF |3LF-AP-EE/7 TKAC 6/1/73 100
_|{Litchfield 3LF |3LF-AP-EE/7 TKAC 7/10/85 81
Litchfield 3LF |3LF-AP-EE/7 TKAC 5/13/87 79
Litchfield 3LF |3LF-AP-EE/7 TKAC 6/12/90 82
Litchfield 3LF |3LF-AP-EE/7 TKAC 8/20/92 57
MaComb MQB |MQB-RW-08/03 |TKAC 6/1/88 100
MaComb MQB |[MQB-RW-08/03 |TKAC 8/4/91 100
MaComb MQB |MQB-RW-08/03 |TKAC 8/19/93 97
Marion MWA |MWA-TW-D/1-1 |PCC 6/1/88 100
Maricn MWA | MWA-TW-D/1 PCC | . 6/1/88 100
Marion MWA |MWA-RW-11/3 |PCC - 6/1/88 100
Marion MWA |MWA-RW-11/3 |PCC . B/18/91 100
Maricn MWA | MWA-TW-D/1 PCC 6/18/91 100
Marion MWA |IMWA-TW-D/1-1 |PCC 6/18/91 100
Marion MWA |MWA-RW-11/3 |PCC 6/18/93 o8
Marion MWA | MWA-TW-D/1 PCC 6/18/93 99
Marion MWA [MWA-TW-D/1-1 |PCC 6/18/93 100
Metropolis =~ |M30 |M30-RW-18/04 |TKAC 6/1/85 100
Metropolis M30 [M30-RW-18/04 |TKAC 6/2/88 96
Metropolis M30 IM30-RW-18/04 | TKAC 8/3/90 81
Metropolis M30 [M30-RW-18/05 |TKAC 6/1/92 100
Metropolis M30 |M30-RW-18/04 |TKAC 8/6/92 83
Metropolis M30 |M30-RW-18/05 |TKAC 8/6/92 100
Mt. Carmel 102 {102-TW-A/06 TKAC 6/1/84 100
Mt. Carmel 102 |102-TW-A/0B TKAC 5/29/85 100
Mt. Carmel 02 |I02-TW-A/1-02 |TKAC 5/29/85 100
Mt. Carmel 102 1H02-TW-A/102 |TKAC 6/1/85 100
Mt. Carmel 102 |I02-RW-12/01 TKAC 6/1/85 100
s Mt. Carmel 102 |I02-TW-A/06 TKAC 6/8/87 96
Mt Carmel 102 I02-TW-A/1-02 |TKAC 6/8/87 100
Mt. Carmel 102 |102-RW-12/01 TKAC 6/8/87 100
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Table F.2. Summary of ACCESS data base inspection-information.

Inspection |Section
Airport AlID Section Code Date PCI
Mt. Carmel 102 102-TW-A/1-02 |TKAC 7/20/90 93
Mt Carmel 102 |102-TW-A/06 TKAC - 7/20/90 87
Mt Carmel 102 {102-RW-12/01 TKAC 7/20/90 80
Mt. Carmel 102 |102-TW-A/M1-02 |TKAC 8/20/92 93
Mt. Carmel 102 l102-RW-12/01 TKAC 8/20/92 77
‘{Mt. Carmel 102 |102-TW-A/06 TKAC 8/20/92 85
Mt. Carmel 102 |102-AP-NN/01 TNAC 6/1/92 100
Mt. Carmel 102 102-TW-B/01 TNAC 6/1/92 100
Mt. Carmel 102 |I02-AP-NN/01 TNAC 8/20/92 100
Mt. Carmel 102 |102-TW-B/01 TNAC 8/20/92 100
Paris PRG |PRG-AP-S3/01 [TKAC 6/1/73 100
Paris PRG |PRG-RW-09/01 |TKAC 6/1/73 100
Paris PRG |PRG-TW-A/01 |TKAC 6/1/73 100
Paris PRG |PRG-RW-09/01 |TKAC 6/1/81 a8
Paris PRG |PRG-TW-A/01 |TKAC 6/1/81 78
Paris PRG |PRG-AP-83/01 (TKAC 6/1/81 93
Paris PRG |PRG-RW-08/01 |TKAC 6/7/83 83
Paris PRG [PRG-TW-A/01 |TKAC 6/7/83 79
Paris PRG |PRG-AP-85/01 |TKAC 6/7/83 83
Paris PRG PRG-AP-88/01 |TKAC 5/28/85 82
Paris PRG |PRG-TW-A/01 | TKAC 5/28/85 81
Paris PRG |PRG-RW-09/01 |TKAC - 5/28/85 77
Paris PRG |PRG-TW-A/01 . | TKAC ~ B/15/87 78
Paris PRG |PRG-AP-S8S/01 |TKAC 6/15/87 81
Paris PRG |PRG-RW-09/01 |TKAC 6/15/87 74
Paris PRG |PRG-TW-A/01  |TKAC 7/2/90 86
Paris PRG |PRG-RW-09/01 TKAC 7/2190 82
Paris PRG |PRG-AP-SS/01 |TKAC 712190 77
Paris PRG |PRG-TW-B/01 |TKAC 6/1/91 100
Paris PRG |PRG-TW-A/01 |TKAC 5/5/92 82
Paris PRG |PRG-AP-38/01 [TKAC 5/5/92 66
Paris PRG |PRG-TW-B/01 |TKAC 5/5/92 a7
Paris PRG [PRG-RW-09/01 |TKAC 5/5f92 79
Pekin C15 |C15-AP-EE/07 [TNAC 6/1/84 100
Pekin C15 |C15-AP-EE/07 |TNAC 5/7/86 100
Pekin C15 |C15-RW-08/03 [TNAC 6/1/88 100
{Pekin C15 [C15-AP-EE/Q7 |TNAC 8/24/88 79
Pekin -|C15 [C15-RW-09/03 | TNAC 8/15/91 100§
Pekin C15 [C15-AP-EE/Q7 |TNAC 8/15/91 79
Pekin C15 |C15-AP-EE/Q7 |TNAC 6/11/93 64
Pekin C15 |C15-RW-08/03 |TNAC 6/11/93 82
Peoria 3MY (3MY-AP-EE/5 PCC 6/1/67 100
Peoria 3MY [3MY-AP-EE/S PCC 8/5/80 77
Peoria 3MY 13MY-AP-EE/5 PCC 4/14/82 76
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Table F.2. Summary of ACCESS data base inspection information.

Inspection |Section
Airport AID Section Code Date FC1
Pecria 3MY |3MY-AP-EE/S PCC 5/9/84 77
Peoria 3MY [3MY-AP-EE/5 PCC 5/7/86 78
Peoria MY |3MY-AP-EE/5 PCC 7131188 81
Peoria MY [3MY-AP-EE/5 PCC 5/31/81 82
Peoria C|13MY | 3MY-AP-EE/5 PCC 6/11/93 70
" |Peoria 3MY | 3MY-AP-EE/6 TKAC 61173 100
Peoria 3MY  |3MY-AP-EE/6 TKAC 8/5/80 79
Peoria 3MY |3MY-AP-EE/G TKAC 4/14/82 69
Pecria 3MY |3MY-AP-EE/6 . |TKAC 5/9/84 71
Peocria 3MY |3MY-AP-EE/6 TKAC 5/7/86 76
Peoria. 3MY  |3MY-AP-EE/6 TKAC 7/31/88 77
Peoria MY | 3MY-AP-EE/6 TKAC 5/31/91 75
Peoria MY |3MY-AP-EE/6 TKAC 6/11/93 82
Peoria 3MY | 3MY-AP-EE/3 TNAC 6/1/67 100
Peoria 3MY |3MY-AP-EE/3 TNAC 8/5/80 79
Peoria 3MY |3MY-AP-EE/3 TNAC 4/14/82 48
Peoria 3MY |(3MY-AP-EE/3 TNAC 5/9/84 43
Peoria 3MY |3MY-AP-EE/8 TNAC| 6/1/86 100
Peoria 3MY |3MY-RW-17/2 | TNAC 6/1/88 100
Peoria 3MY |3MY-AP-EE/3 TNAC 7/31/89 46
Peoria 3MY [3MY-AP-EE/8 |TNAC| 7/31/89] 91
Peoria MY |3MY-RW-17/2  |TNAC 5/31/91 92
Peoria 3MY [SMY-AP-EE/8 [ TNAC . 5/31/81 93y
Peoria 3MY |3MY-AP-EE/3 TNAG- 5/31/91f - 61
Peoria 3MY  |3MY-TW-A/3-1 | TNAC 6/1/92 100
Pegoria 3MY  |3MY-TW-A/3 TNAC 6/1/62 100
Peoria MY |3MY-AP-EE/8 TNAC 6/11/93 87
Peoria MY |BMY-TW-A/3-1 |TNAC 6/11/93 100
Peoria 3MY |3MY-TW-A/3 TNAC 6/11/93 100
Peoria MY |3MY-RW-17/2 | TNAC 6/11/93 100
Peoria 3MY [3MY-AP-EE/3 TNAC 6/11/93 53
Peru VYS |VYS-AP-EE/02 |PCC . 6/1/85 100
Peru VYS [VYS-AP-EE/02 |PCC -6/13/88 94
Peru VYS |VYS-AP-EE/04 PCC 6/1/90 100] -
Peru VYS |VYS-AP-EE/04 (PCC 7/18/90 100
Peru VYS |VYS-AP-EEf02 |PCC 7118790 84
Peru VYS |VYS-AP-EE/04 |PCC 6/1/92 99
Peru VYS IVYS-AP-EE/02 PCC 6/1/92 81
Peru VYS |[VYS-RW-18/01 |TKAC 6/1/85 100
Peru VYS (VYS-TW-A/01 TKAC 6/1/85 100
Peru VYS VYS-RW-18/01 |TKAC 8/13/88 92
Peru VYS VYS-TW-A/01 TKAC 6/13/88 94
Peru VYS VYS-AP-EE/05 {TKAC 6/1/90 100
Peru VYS {VYS-RW-18/01 |TKAC 7/18/90 83
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Table F.2. Summary of ACCESS data base inspection-information.

Inspection |Section
Airport AlD Section Code Date PCI

Peru VYS (VYS-TW-A/01 TKAC 7/18/90 93
Peru VYS |VYS-TW-A/01 TKAC B/1/92 82
Peru VYS |VYS-RW-18/01 |TKAC 6/1/92 74
Peru VYS |VYS-RW-18/02 |TKAC 6/1/92 100
Peru VYS |VYS-AP-EE/01 | TNAC 6/1/88 100
Peru VYS |VYS-AP-EE/01 TNAC 6/13/88 100
Peru VYS |VYS-AP-EE/01 | TNAC 7/18/80 94
Peru VYS |VYS-AP-EE/01 | TNAC 6/1/92 82
Pickneyville K16 |K16-AP-WW/02 |TKAC 6/1/79 100
Pickneyville K16 |K18-TW-A/Q2 TKAC 6/1/79 100
Pickneyville K16 |K16-AP-WW/02 (TKAC 5/28/81 89
Pickneyville K16 |K16-TW-A/Q2 TKAC 5/28/81 91
Pickneyville K16 |K16-TW-A/02 TKAC 7/21/82 78
Pickneyville K16 |K16-AP-WW/02 |TKAC 7/21/82 83
_|Pickneyville K16 K16-AP-WW/02 |TKAC 8/27/84| - 88
Pickneyville K16 [K16-TW-A/02 TKAC 6/27/84 88
Pickneyville K16 |K16-AP-WW/02 | TKAC 7/1/86 80
Pickneyville K16 |K16-TW-A/02 TKAC 7/1/86 72
Pickneyville K16 |K16-AP-WW/02 |TKAC 8/14/89 81
Pickneyville K16 |K16-TW-A/D2 TKAC 8/14/89 60
Pickneyville K16 |K16-RW-18/01 |TKAC 6/1/90 100
Pickneyville K18 |K16-RW-18/01 |TKAC 6/4/91 100
Pickneyville. |K16 1K16-AP-WW/02 |TKAC 6/4/91| . 78
Pickneyville K16 (K16-RW-18/01 |TKAC 5/26/93 100
Pickneyville K16 [K16-TW-A/02 TKAC 5/26/93 79
Pickneyville K16 [Ki6-AP-WW/02 |TKAC 5/26/93 79
Pickneyville K16 |K16-AP-WW/01 |[TNAC] 6/1/78 100
Pickneyville K16 |K168-RW-18/02 |TNAC 6/1/78 100
Fickneyville K16 |K16-RW-18/02 |TNAC 5/28/81 95
Pickneyville K16 K16-AP-WW/01 |TNAC 5/28181 79
Pickneyville K16 K16-AP-WW/01 |TNAC 7/21/82 72
Pickneyville K16 |K16-RW-18/02 |TNAC 7/21/82 93
Pickneyville Kig K16-AP-WW/01 |TNAC 6/27/84 68
Pickneyville K16 |K16-RW-18/02 |TNAC 6/27/84 87
Pickneyville K16 [K168-AP-WW/01 |TNAC 7/1/86 56
Pickneyville K16 |K16-RW-18/02 |TNAGC 7/1/86 82
Pickneyville K16 |K16-RW-18/02 |TNAC 8/14/89 85
Pickneyville K16 |K16-AP-WW/01 [TNAC 8/14/89 61
Pickneyville K16 |K16-AP-WW/01 |[TNAGC 6/4/91 71
Pickneyville K16 [K16-RW-18/02 |TNAC 6/4/91 68
Pickneyville K16 |K16-RW-18/02 |TNAC 5/26/93 77
Pickneyvile K16 [K16-AP-WW/01 |TNAC 5/26/93 88
Quincy UIN {UIN-RW-18/011 |PCC 6/1/46 100
Quincy UIN  [UIN-TW-B/01 PCC 6/1/46 100
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Table F.2. Summary of ACCESS data base inspection-information.

Inspection |Section
Airport AID Section Code Date PCI

Quincy UIN UIN-TW-B/1-01 |PCC 6/1/46 100
Quincy UIN UIN-TW-A/0B PCC 6/1/71 100
Quincy UIN |UIN-RW-04/06 |PCC 6/1/71 100
Quincy UIN |UiN-TW-B/01 PCC 7/9/80 86
Quincy UIN  JUIN-TW-B/1-01 |PCC 7/9/80 a1
Quincy UIN  |UIN-RW-04/06 (PCC 7/8/80 a7
Quincy UIN  JUIN-TW-A/06 PCC 7/5/80 93
Quincy UIN |UIN-RW-18/011 PCC 7/9/80 87
Quincy UIN |UIN-RW-04/06 |PCC 6/1/82 89
Quincy UIN |UIN-RW-18/011 |PCC 6/1/82 89
Quincy UIN  [UIN-TW-B/1-01 |PCC 6/1/82 95
Quincy CUIN - |UIN-TW-B/01 PCC 6/1/82 89
Quincy UIN  |UIN-TW-A/06 PCC 6/1/82 100
Quincy UIN  |UIN-TW-B/1-01 |PCC 8/14/84 96
Quincy UIN |UIN-RW-04/06 |PCC 8/14/84 96
Quincy UIN  |UIN-TW-B/01 PCC 8/14/84 92
Quincy UIN  |UIN-TW-A/06 PCC 8/14/84 98
Quincy UIN |UIN-RW-18/011 |PCC B/14/84 92
Quincy UIN  |UIN-TW-A/06 PCC 7/25/86 a3
Quincy UIN |UIN-TW-B/1-01 |PCC 7/25/86 06
Quincy UIN [UIN-RW-18/011 |PCC 7/25/86 92
Quincy UIN |UIN-RW-04/06 |PCC 7/25/86 92
Quincy UIN |UIN-TW-B/D1 PCC 7/25/86 92
Quincy UIN |UIN-RW-18/011 |PCC 5/2/88 83|
Quincy UIN |UIN-TW-B/1-01 |PCC 5/2/88 91
Quincy UIN |UIN-RW-04/08 |PCC 5/2/89 96
Quincy UIN |UIN-TW-A/08 PCC 5/2/88 94
Quincy UIN |UIN-TW-B/01 PCC 5289 84
Quincy UIN |UIN-TW-B/1-01 |PCC 5/24/91 87
Quincy UIN |UIN-RW-04/06 |PCC 5124191 95
Quincy UIN |UIN-RW-18/011 |PCC 5/24/91 81
Quincy UIN  [UIN-TW-B/01 PCC 5124191 86
Quincy UIN  |UIN-TW-A/06 PCC 5/24/91 93
Quincy UIN  |UIN-TW-A/06 PCC 5/21/93 98
Quincy UIN |UIN-RW-04/068 |PCC 5/21/93 91
Quincy UIN  |UIN-TW-B/1-01 |PCC 5/21/93 92
Quincy UIN  |UIN-RW-18/011 |PCC 5/21/93 82
Rochelle 12C |12C-RW-07/03 |TKAC 6/1/87 100
Rochelle 12C  |12C-RW-07/03 |TKAC 8/9/80 81
Rochelle 12C  |12C-RW-07/03 |TKAC 6/4/92 83
Rochelle 12C  |12C-TW-C/01 TNAC 6/1/91 100
Rochelle 12C | 12C-TW-C/01 TNAC 6/4/92 100
Savanna SFY |SFY-AP-NW/01 |TNAC e/M/81 100
Savanna SFY |SFY-AP-WW/01 |TNAC 6/1/81 100

F-23




Table F.2. Summary of ACCESS data base inspection-information.

Inspection |Section
Airport AlD Section Code Date PCI

Savanna SFY |SFY-TW-B/01 TNAC 6/1/81 100
Savanna SFY |SFY-AP-NW/C1 |TNAC 7/14/83 99
Savanna SFY |SFY-AP-WW/01 |TNAC 7/16/85 100
Savanna SFY |SFY-TW-B/01 TNAC 7/16/85 100
Savanna SFY [SFY-AP-NW/01 TNAC 7/16/85| = 82
Savanna SFY (SFY-AP-NW/01 [TNAC 6/17/88 85
Savanna SFY [SFY-AP-WW/01 [TNAC 6/17/88 98
Savanna SFY |SFY-TW-B/01 TNAC 6/17/88 a0
Savanna SFY |SFY-AP-NW/01 |TNAC 6/28/91 80
Savanna SFY [SFY-ARP-WW/01 |TNAC 6/28/91 95
Savanna SFY |SFY-TW-B/01 TNAC 6/28/91 91
Savanna SFY |SFY-AP-NW/01 |TNAC| 7/30/93 83
Savanna SFY |SFY-TW-B/O1 TNAC| 7/30/93| 87
Savanna SFY |SFY-AP-WW/01 [TNAC 7/30/93| - 24
Shelbyville 2H0 |2HO-AP-EE/6 TKAC 6/1/79 100
Shelbyville 2HO |2HO-AP-EE/®S TKAC 717180 o8
Shelbyville 2HO |2HO-AP-EE/6 TKAC 4/13/82 21
Shelbyville 2HO0 |2H0-AP-EE/6 TKAC 5/9/84 85
Shelbyville 2HO |2HO-RWwW-18/9 TKAC 6/1/84 100
Shelbyville 2H0 |2H0-RW-18/9 TKAC 57186 100
Shelbyville 2H0 |2HOD-AP-EE/B TKAC 5/7/86| 79
Shelbyville 2H0 |2HO-AP-EE6 - |TKAC 6/1/88 68
Shelbyville 2HD |2H0-RW-18/9 TKAC | 6/1/88 91
Shelbyville 2HC |2HO0-RW-18/9 TKAC 4/22/31 88
Shelbyville 2HO |2HO-AP-EE/6 TKAC 422191 73
Shelbyville 2HO |2HO-AP-EE/7 TNAC 6/1/80 100
Shelbyville 2H0 |2HO-AP-EE/7 TNAC 4/13/82 100
Shelbyville 2H0  12HO0-AP-EE/7 TNAC 510784 57
Shelbyville 2HO |2HO-AP-EE/7 TNAC 5/7/86 81
Shelbyville 2HO |2HO-AP-EE/7 TNAC 6/1/38 91
Shelbyville 2HO |2HO-AP-EEf7  |TNAC 422191 89
Shelbyville 2H0 |2HO-AP-EE/7 TNAC 6/1/93 78
Sparta SAR |SAR-TW-B/03 |TKAC 6/1/74 100
Sparta SAR |SAR-AP-WW/03 |TKAC 6/1/74 100
Sparta SAR |SAR-TW-B/03 |TKAC 6/24/81 91
Sparta SAR |SAR-AP-WW/03 |TKAC 6/24/81 92
Sparta SAR |SAR-TW-B/03 |TKAC 6/14/83 52
Sparta SAR |SAR-AP-WW/03 |TKAC 6/14/83 64
Sparta SAR |SAR-TW-B/03 |TKAC 5/30/85 95
Sparta SAR |SAR-AP-WW/03 |TKAC 5/30/85 99
Sparta SAR |SAR-AP-WW/03 |TKAC 6/9/87 98
Sparta SAR |SAR-TW-B/03 |TKAC 6/9/87 a0
Sparta SAR |SAR-AP-WWI/03 |TKAC &/21/90 82
Sparta SAR |SAR-TW-B/03 |TKAC 8/21/90 55
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Tabte F.2. Summary of ACCESS data base inspection information.

_ inspection |Section
Airport AlD - Section Code Date PCI

Sparta SAR [SAR-TW-B/03 | TKAC 717192 76
Sparta SAR |SAR-AP-WW/03 |TKAC 7/17/92 76
Sparta SAR [SAR-RW-18/03 |TNAC 6/1/86 100
Sparta SAR [SAR-RW-18/03 |TNAC 6/9/87 100
Sparta SAR |SAR-RW-18/03 |TNAC 8/21/90 100
Sparta SAR |SAR-RW-18/03 |TNAC 7M7192 29
St Louis DT |CPS |CPS-TW-B/2-24 PCC 6/1/64 100
St Louis DT  |CPS |CPS-RW-12L/24 |PCC 6/1/84 100
St Louis DT |CPS |CPS-TW-BM-24 |PCC 6/1/84 100
St Louis BT |CPS |CPS-TW-Bf2-24 |PCC 9/30/87 100
St Louis DT |CPS |CPS-TW-B/1-24 [PCC 9/30/87 100
St Louis DT |CPS |CPS-RW-12L/24 [PCC 9/30/87 99
St Louis DT |CPS |CPS-TW-B/2-24 |[PCC 7/25/90 100
St Louis DT |CPS |CPS-TW-B/1-24 |PCC’ 7/25/90 100
{St. Louis DT  |CPS |CPS-RW-12L/24 |PCC 7/25/90 97
St Louis DT |CPS |CPS-TW-B/1-24 |PCC 9/3/92 97
St Louis DT |CPS ICPS-RW-12L/124 |PCC 9/3/92 95
St Louis DT |CPS |CPS-TW-B/2-24 |PCC 9/3/92 96
St Louis DT |CPS |CPS-TW-CMO | TKAC 6/1/70 100
St Louis DT |CPS |CPS-TW-C/M0O  |[TKAC 7/8/81 87
St Louwis DT |CPS |CPS-TW-C/M10  |TKAC 4/29/83 64
St Louis DT |CPS |CPS-TW-C/10 | TKAC 8/30/85 56
St Louis DT  |CPS |CPS-TW-C/HM0O |TKAC 9/30/87 79
St Louis DT  |CPS |CPS-TW-CM0O |TKAC 7/25/90 85
St Louis DT |CPS [CPS-TW-C/10 |TKAC 9/3/92 70
Sterling Sal |SQI-AP-WW/M0 |TKAC 6/1/79 100
Sterling SQlI  |SQI-APWW/M0 - [TKAC 8/7/80 99
Sterling SQl  |SQI-APWW/MD | TKAC 7/26/82 97
Sterling SQI |SQI-AP-WW/10 | TKAC 7/10/84 86
Sterling 5Ql |[SQI-AP-WW/01 [ TKAC 6/1/86 100
Sterling 5Ql |SQI-AP-WW/10 |TKAC 7/14/86 83
Sterling 5Ql [SQI-AP-WW/HM0 |TKAC 8/30/89 69
Sterling SQl  |SQI-AP-WW/01 |[TKAC 6/30/89 100
Sterling SQl |SQI-APWW/01 |TKAC 6/28/91 77
Sterling SQl |SQI-AP-WW/M0 |TKAC 6/28/91 77
Sterling SQI  |SQI-AP-WW/M10 | TKAC 7/30/93 77
Sterling SQl  (|SQI-AP-WW/01 | TKAC 7/30/93 83
Taylorville 3TV [3TV-TW-A/2-08 |TKAC 6/1/86 100
Taylorville 3TV |3TV-TW-A/5-02 |TKAC 6/1/86 100
Taylorville 3TV |3TV-TW-A/4-08 |TKAC 6/1/86 100
Taylorville 3TV |3TV-TW-AM-08 |TKAC 6/1/86 100
Taylorvilie 3TV |3TV-RW-18/08 |TKAC 6/1/86 100
Taylorville 3TV |3TV-TW-A/3-08 |TKAC 6/1/86 100
Taylorville 3TV |3TV-RW-18/08 |TKAC 5/13/87 100
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Table F.2. Summary of ACCESS data base inspection information.

Inspection |Section
Airport AlD Section Code | Date PCI
Taylorville 3TV |3TV-TW-A/M1-08 |TKAC 5/13/87 100
Taylorville 3TV [3TV-TW-A/2-08 |TKAC 5/13/87 100
Taylorville 3TV i3TV-TW-A/3-08 |TKAC 5/13/87 100
Taylorville 3TV [3TV-TW-A/4-08 | TKAC 5/13/87 100
Taylorville 3TV |3TV-TW-A/5-02 !TKAC 5/13/87 100
Taylorville 3TV |3TV-RW-18/08 |TKAC 4/19/88 89
Taylorville 3TV |3TV-TW-A/1-08 |TKAC 4/19/89 0
Taylorville 3TV |3TV-TW-Af3-08 |TKAC 4/19/89 80
Taylorville 3TV |3TV-TW-A/4-08 TKAC 4/19/89 98
Taylorville 3TV |3TV-TW-A/B-02 |TKAC 4/19/89 89
Taylorville 3TV |3TV-TW-Af2-08 |TKAC 4/19/89 91
Taylorville 3TV |3TV-RW-18/08 [TKAC 4/22/91 83
Taylorville 3TV |3TV-TW-A/5-02 |TKAC 4/22/91 88
Taylorville ATV |3TV-TW-A/4-08 |TKAC 4122191 91
| Taylorville 3TV |3TV-TW-A/3-08 |TKAGC 4122191 o1
Taylorville 3TV |3TV-TW-A/2-08 |TKAC 4122791 21
Taylorville 3TV |3TV-TW-A/1-08 |TKAC 422191 88
Taylorville 3TV [3TV-TW-A/4-08 |TKAC 6/1/93 85
Taylorville 3TV |3TV-TW-A/3-08 |TKAC 6/1/93 85
| Taylorville 3TV |3TV-TW-A/2-08 |TKAC 6/1/93 871
Taylorville 3TV |3TV-TW-A/M-08 |TKAC 6/1/93 91
- | Taylorville 3TV |3TV-RW-18/08 |TKAC 6/1/93 81
Taylorvilie 3TV |[3TV-AP-EE/04 |TNAC 6/1/78 100
Taylorville 3TV |3TV-AP-EE/04 |TNAC 3/30/81 99
Taylorville 3TV |3TV-AP-EE/07 |TNAC 6/1/82 100
Taylorville 3TV [3TV-AP-EE/07 |TNAC 5/17/83 100
Taylorville 3TV |[3TV-AP-EENQ7 |TNAC 7/10/85 80
Taylorvilie 3TV |3TV-AP-EE/04 |TNAC 7/10/85 74
Taylorville 3TV |3TV-AP-EE/O7 |TNAC 5/13/87 82
Taylorville 3TV |3TV-AP-EE/04 |TNAC ' 5/13/87 81
Taylorville 3TV |[3TV-AP-EE/07 |TNAC 4/19/89 68
Taylorville 3TV |3TV-AP-EE/04 |TNAC 4/19/89 70
Taylorville 3TV [3TV-AP-EE/04 |TNAC 4122191 83
Taylorville 3TV |3TV-AP-EE/07 |TNAC 4/2211 85
Taylorville 3TV 13TV-AP-EE/07 |TNAC 6/1/93 77
Vandalia VLA |VLA-TW-B7 TNAC 6/1/75 100
Vandalia VLA (VLA-TW-D/1-7  |TNAC 6/1/75 100
Vandalia VLA |[VLA-TW-D/7 TNAC 6/1/75 100
Vandalia VLA VLA TW-B/7 TNAC 5/26/81 86
Vandalia VLA (VLA-TW-B/7 TNAC 7/13/82 87
Vandalia VLA |VLA-TW-D/1-7 |TNAC 5/9/84 76
Vandalia VLA (VLA-TW-D/7 TNAC 5/9/84 85
Vandalia VLA |VLA-TW-B/7 TNAC 5/9/84 86
Vandalia VLA |VLA-TW-B/7 |TNAC B/7/86 80
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Table F.2. Summary of ACCESS data base inspection information.

Inspection |Section
Airport AID Section Code Date PCl
Vandalia VLA |VLA-TW-D/7 TNAC 517186 69
Vandalia VLA VLA-TW-D/1-7  |TNAC 5/7/86 74
Vandziia VLA |VLA-TW-D/7 TNAC 6/21/89 86
Vandalia VLA |VLA-TW-DM-7  {TNAC 6/21/89 86
Vandzlia VLA |VLA-TW-B/7 TNAC 6/21/89 86
\andalia VLA |VLA-TW-D/7 TNAC 8/26/91 68
Vandalia VLA |VLA-TW-B/7 ITNAC 8/26/91 74
Vandalia VLA |VLA-TW-D/M-7 | TNAC 8/26/91 68
Vandalia VLA |VLA-TW-D/1-7 | TNAC 6/15/93 77
Vandalia VLA |VLA-TW-B/7 TNAC 6/15/93 75
Vandalia VLA |VLA-TW-D/7 TNAC 6/15/93 78
Waukegan UGN |UGN-RW-14/14 |PCC 6/1/64 100
Waukegan UGN [UGN-RW-14/111 |PCC 6/1/70 100
Waukegan UGN |UGN-RW-14/112 |PCC 6/1/70 100
Waukegan UGN |[UGN-RW-14/08 |PCC B/1/75 100
Waukegan UGN |UGN-RW-14/09 |PCC B6/1/75 100
Waukegan UGN [UGN-RW-14/08 |PCC B/6/81 77
Waukegan UGN |UGN-RW-14/112 \PCC 8/6/81 48
Waukegan UGN |UGN-RW-14/09 |PCC B/6/81 67
~[Waukegan UGN |UGN-RW-14/14 |PCC B8/6/81 59|
Waukegan UGN |UGN-RW-14/111 \PCC 8/6/81 63
Waukegan UGN |UGN-RW-14/09 |PCC 8/3/83 72
Waukegan _ |UGN |UGN-RW-14/111 |PCC  8/3/83 69
Waukegan UGN [UGN-RW-14/112 |PCC - B/3/83 57
Waukegan UGN |UGN-RW-14/14 |PCC 8/3/83 62
Waukegan UGN |UGN-RW-14/08 |PCC 8/3/83 a0
Waukegan UGN |UGN-RW-14/09 |PCC B6/27/85 70
Waukegan UGN [UGN-RW-14/111 |PCC 6/27/85 62
Waukegan UGN |UGN-RW-14/112 |PCC 6/27/85 64
Waukegan UGN [UGN-RW-14/14 |PCC 6/27/85 65
Waukegan UGN |UGN-RW-14/08 (PCC 6/27/85 93
Waukegan UGN |UGN-RW-14/14 |PCC 6/17/87 75
Waukegan UGN |UGN-RW-14/08 |PCC 6/17/87 94
Waukegan UGN [UGN-RW-14/08 |PCC 6/17/87 82
Waukegan UGN [UGN-RW-14/111 |PCC 6/17/87 77
Waukegan UGN |UGN-RW-14/112 |PCC 6/17/87 75
Waukegan UGN [UGN-RW-14/08 |[PCC 8/8/89 72
Waukegan UGN [UGN-RW-14/111 |PCC 8/8/89 65
Waukegan UGN JUGN-RW-14/112 \PCC 8/8/89 73
Waukegan UGN [UGN-RW-14/14 |PCC 8/8/89 54
Waukegan UGN [UGN-RW-14/08 |PCC 8/8/89 79
Waukegan UGN [UGN-RW-14/111 |PCC 7/24/91 63
Waukegan UGN |UGN-RW-14/098 |PCC 7/24/91 51
Waukegan UGN [UGN-RW-14/14 |PCC 7/24/91 55
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Table F.2. Summary of ACCESS data base inspection-information.

Inspection |Section
Airport AlD Section Code Date PCI

Waukegan UGN |UGN-RW-14/112 [PCC 7/24/91 58
Waukegan UGN |UGN-RW-14/08 |PCC 7124191 77
Waukegan UGN |UGN-RW-14/112 [PCC 7/20/93 61
Waukegan UGN |UGN-RW-14/08 |PCC 7/20/93 78
Waukegan UGN (UGN-RW-14/14 |PCC 7/20/93 61
Waukegan UGN (UGN-RW-14/111 |PCC 7/20/93 74
1Waukegan UGN |UGN-RW-14/08 |PCC 7/20/93 68
Waukegan UGN [UGN-TW-C/07 |TKAC 6/1/82 100
Waukegan UGN {UGN-TW-C/07 |TKAC '8/3/83 100
Waukegan UGN {UGN-TW-C/07 |TKAC B6/27/85 a9
Waukegan UGN (UGN-TW-C/07 |TKAC 6/17/87 o4
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EXECUTIVE SUMMARY

The properties of the asphalt cement binder in asphalt concrete
(AC) significantly affect flexible pavement performance. These
propertles change as a function of service time. Quantitative
information about the properties and characteristics of the aged
asphalt is essential to the successful prediction of AC field
performance. The GA airport performance and longevity part of
this study confirmed the significant contribution of "asphalt
aging” to the loss of flexibile pavement serviceability.

Two major effects dominate asphalt cement aging: (a) loss of
volatile components and oxidation in the construction phase -
primarily during mixing- (short-term aging), and (b) progressive
oxidation of the in place mixture in the field (long-term aging).
Other factors, like thixotropy, may also contribute to aging.

Many efforts have been directed to better understand the
aging phenomenon and the laboratory simulation of field asphalt
cement aging. Laboratory aging studies have primarily been
conducted with asphalt cement, ignoring the effect of the
aggregate on the AC aging phenomenon. The temperatures used in .
past studies appear to be too high to reproduce field aging
conditions/mechanisms.

Some significant observations are:
¢ Aggregate type may have a significant effect on AC aging.

* The oxidation products that form during aging do not
necessarily relate to a viscosity increase.

¢ Asphalt film thickness and air voids level play an
important role in the AC aging phenomenon. Very thin asphalt
film thickness contributes to more rapid age hardening.
Higher air voids produce a higher AC modular ratio (aged
modulus/ original modulus).

* Laboratory simulation tests should relate to field aging.
The maximum laboratory testing temperature that should be
used is 110eC for the asphalt binder and 859C (1852F) for AC
specimens.

* Extracting and recovering asphalts from aged mixtures
should be accomplished using the SHRP method. ASTM methods
produce greater solvent aging of the asphalt and do not
recover the asphalt from the aggregate as effectively as the
SHRP method (See Appendix A).

* Lime addition to asphalt-aggregate mixtures has a
beneficial effect. It reduces age hardening.
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1. Introduction

The properties of the asphalt cement binder in asphalt
concrete (AC) significantly affect flexible pavement performance.
These properties change as a function of service time in the
pavement. Quantitative information about the properties and
characteristics of the aged asphalt is essential to the
successful prediction of AC field performance.

Two major effects dominate asphalt cement aging: (a) loss of
volatile components and oxidation in the construction phase -
primarily during mixing- (short-term aging), and (b) progressive
oxidation of the in place mixture in the field (long-term aging).
Other factors may contribute to aging. Thixotropy (a progressive.
hardening due to the formation of "structure" within the asphalt
cement) is likely to occur over an extended period of time.

Asphalt aging contributes to hardening (stiffening) of the
AC, which obviously alters the AC performance potential. This may
be beneficial. Increased AC stiffness effects improved AC layer
load distribution properties and increased permanent deformation
resistance. However, if the "aged AC" becomes too stiff, other
distresses (e.g. fatigue cracking, low-temperature cracking,
brittleness/block cracking, increased moisture sensitivity) may
develop.

Many efforts have been directed to better understand the
aging phenomenon and the laboratory simulation of field asphalt
cement aging. Laboratory aging studies have primarily been
performed with asphalt cement, ignoring the effect of the
aggregate on the AC aging phenomenon. The temperatures used in
past studies appear to be too high to reproduce field aging
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conditions/mechanisms.
2. Laboratory Aging and Evaluation Methods

Tests have been developed to simulate short-term and long-
term aging of the asphalt. These tests are generally conducted on
the asphalt binder.

2.1 Binder Aging

The asphalt hardens during short-term aging in the hot-mix
plant and during AC laydown operations. This hardening is mainly
caused by the loss of volatile components. The tests commonly
used to simulate this phase are the Thin Film Oven Test (TFOT)
(ASTM D-1754) and Rolling Thin Film Oven Test (RTFOT)

(ASTM D-2872). Research has shown that these tests fairly well
simulate the short-term aging of the asphalt (Jones and
Youtcheff, 1992).

The TFOT and RTFOT are recommended by the Asphalt Aging Working
Group of the Strategic Highway Research Program (SHRP).

Long-term aging occurs at ambient temperature in the road.
It is mainly caused by progressive oxidation and the formation of
structures by the asphalt molecules. Researchers have tried to
reproduce long-term aging. The most widely used methods are:
extended oven heating, Pressure Aging Vessels (PAV), and
ultraviolet and infrared exposures. SHRP has recommended PAV
conditions of 1) 300 psi air pressure, 2) temperature of 100¢ecC,
and 3) aging time of 20 hours (Jones and Youtcheff, 1992).

The properties of the aged asphalt binder have been
evaluated using various methods (e.g. viscosity, penetration,
ductility, oxidation products, asphaltene content, Ring and Ball
Softening Point, Roestler-Sternberg analysis, chromatographic
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separation).
2.2 Asphalt Concrete Aging

The ultimate goal is to successfully predict AC field
performance. Thus it is equally important to investigate the
aggregate role in the asphalt aging phenomenon.
| Several procedures have been used to simulate AC aging. For
short-term aging, oven exposure of uncompacted AC is frequently
used. Commonly used for long-term aging methods for AC specimens
are extended oven heating, pressure oxidation, and
ultraviclet/infrared treatment.

Numerous methods are used to evaluate the aged AC. The most
frequently used are resilient modulus, indirect tensile strengthy
and dynamic modulus. Tests also may be conducted on the
recovered asphalt to quantify the changes in properties of the
aged asphalt cement.

3. Summary of Research Findings

Over the years, most of the research has been conducted on
the asphalt and the results related to the AC aging
characteristics. Many studies investigated the suitability of
this practice. More recently Sosnovske et al. (1993) found
little relationship between the effect of laboratory aging on the
asphalt cement and AC aging. There was a significant difference
between the ranking of asphalts aged alone, and the same asphalts
aged in an AC mixture. The rankings were based on aging
susceptibility (viscosity ratios for the asphalts and modular
ratios for the AC). Asphalts ranked as "good" when aged alone
were ranked as "bad" when aged in the AC. It was concluded that
the aging of the asphalt is not an adequate indicator of mixture
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aging potential.
3.1 Oxidation and Hardening

In many past studies, aged asphalts have been characterized
by infrared analyses. The growth in the carbonyl band (from 1800
cn-1 - 1600 cm-1 approx.) has been used as a measure of
oxidation. Scientists have tried with little success to
correlate the oxidation products formed during the laboratory
long-term aging to the increase in asphalt viscosity. The
sensitivity of asphalt viscosity to the oxidation products varies
with asphalt source. An asphalt may oxidize relatively rapidly
but not harden a great deal, or it may harden considerably while
oxidizing at a slower rate (Lau et al., 1992; Petersen et al.,
1993).

The SHRP asphalt model explains this previously anomalous
behavior. In this model the asphalt includes two functional
families of molecules: polar and non-polar. The polar molecules
interact to form associations through weak bonds. These bonds
break as the temperature increases causing the asphalt to behave
as a Newtonian fluid at elevated temperatures.

A molecular fraction that has been isolated through Ion
Exchange Chromatography explains the lack of correlation between
oxidation products and viscosity increases and the tendency of
the polar material in the asphalt to associate. These molecules,
termed amphoterics, have the distinctive characteristic of
possessing both an acid and a basic group in the asphalt
molecule, but not at the same site. When a non-polar site in an
amphoteric molecule oxidizes, it can act as a polar molecule and
form associations. An amphoteric molecule can associate as many
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times as polar sites are available. 1In an asphalt with low
amounts of amphoterics, most of the molecules will have only one
oxidizable site. Thus, the asphalt cannot form many associations
and effect a viscosity increase.

The oxidation of asphalt is independent of aggregate type.
That is, the oxidative products measured in the asphalt (usually
carbonyl and sulfoxide) do not vary when the same asphalt is aged
on different aggregates (Jones, 1992).

However AC aging (as measured by changes in resilient
modulus, dynamic modulus, or viscosity measurements of the
recovered asphalt) is significantly affected by aggregate type.
Clearly the most important contributor to AC aging is the asphalt
cement, but the aggregate type also influences the phenomenon.
Asphalt-aggregate mixture aging patterns produced with the same
asphalt may be very different depending on the aggregate. The
observed aging phenomenon appears to be related to the adhesion
of the asphalt and the aggregate. The greater the adhesion, the
greater the mitigation of aging (Sosnovske et al., 1992; AbWahab
et al., 1992).

3.2 Test Temperature

Testing temperature is one of the most important factors in
laboratory long-term aging. The temperatures traditionally used
are too high to relate oven aging to road aging. At higher
temperatures, light constituents of asphalt evaporate, producing
unrealistic changes in the chemistry of the oxidation reactions
when compared with field-aged asphalts. In addition, the high
molecular constituents are believed to dehydrogenate, and a large
percentage of oxygen consumed is discharged in the form of water
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vapor and other gases, which does not occur at normal service
temperatures.

Asphalt aging mechanisms are the same in the laboratory and
the field up to temperatures approaching 1002C-1152C (2122F-2398F)
(Jones, 199%2; Vershasselt et al., 1993). It is necessary to use
laboratory temperatures that effect aging mechanisms similar to the
ones observed in the field in order to make realistic predictions
of the mixture performance. SHRP recommends a maximum temperature
for asphalt accelerated aging of 1102C (Jones and Youtcheff, 1992).
Bell et al.(1994-2) indicated compacted AC specimens may suffer
"structural damage" if exposed to temperatures greater than 85ecC
(1852F) .

3.3 Ajr Vvoids and Film Thickness

High air voids in the AC shorten road life. Air voids is one
of the most important factors affecting the rate of hardening of an
asphalt pavement. The Martin et al. study (19892) showed that
oxidation (as reflected in the growth of the carbonyl peak)
increases as air voids increases. Research suggests that higher
air voids produce higher modular ratios (modulus after
aging/original modulus) in the aged AC (C.A. Bell et al., 1991).

Another factor that has been studied is the effect of film
thickness on aging of the asphalt. Very thin film thickness
presents durability problems. Recently, Button et al. (1993) found
a relationship between the asphalt cement film thickness and age
hardening. The relationship is asphalt dependent. In general, the
thinner films were associated with lower recovered asphalt

penetration values.



3.4 Molecular Size Distribution

Asphalt cements subjected to artificial (laboratory) aging,
experience composition changes. High Pressure Gel Permeation
Chromatography (GPC) has been used to guantify these changes. In
general, there is a significant change in the Large Molecular Size
fraction due to aging (Kim et al., 1991). Statistical analyses
have correlated viscosity increase with the amount of large
molecular size molecules, and penetration with medium-sized
molecules.
3.5 Solvent Aging

After asphalt mixture aging, the extracted asphalt may be
evaluated to study changes in various properties and composition.
ASTM D-2172 methods are widely used but they are not very reliable.
Asphalts harden during solvent extraction. Cold extraction reduces
solvent aging. The new SHRP method (See Appendix A) for recovering
and extracting asphalt limits solvent aging and it also extracts
more of the strongly adsorbed material from the aggregate (Burr et
al., 1993).
3.6 Lime Effect on Aging

Hydrated lime is extensively used as an anti-stripping agent.
It has been reported that adding hydrated lime to AC decreased the
rate of hardening of the asphalt, thereby prolonging service life.
Research has demonstrated (Plancher et al., 1977; Edler et al.
1985) that lime addition to the asphalts greatly reduces the
asphalt hardening as measured by viscosity index. Lime treatment
reduces the oxidation levels (growth in carbonyl area) measured
using the infrared spectra. Another finding of the Edler et al.
study is that lime addition reduces the formation of High Molecular
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Weight components, which have a direct effect on the viscosity
increase of the asphalt cement. Plancher et al. (1977) reported a
significant decrease (around 50%) of the modulus aging indices of
all samples prepared with lime-treated asphalts compared to their
untreated counterparts. Results of a recent study, in which AC was
prepared with a lime-treated asphalt, suggest that lime may reduce
the variability in aging patterns of an asphalt aged with different
types of aggregates (Bell et al. 1994-1).
4. Summary
* Aggregate type may have a significant effect on AC aging.
®* The oxidation products that form during aging do not
necessarily relate to a viscosity increase.
. Asphalt film thickness and air voids level play an
important role in the AC aging phenomenon. Very thin asphalt
film thickness contributes to more rapid age hardening. Higher .
air voids produce a higher AC modular ratio (aged modulus/
original modulus).
¢ Laboratory simulation tests should relate to field aging.
The maximum laboratory testing temperature that should be used
is 1102C for the asphalt binder (SHRP, 1992) and 852C (1852F)
for AC specimens.
* Extracting and recovering asphalts from aged mixtures should
be accomplished using the SHRP method. ASTM methods produce
greater solvent aging of the asphalt and do not recover the
asphalt from the aggregate as effectively as the SHRP method
(See Appendix A).
®* Lime addition to asphalt-aggregate mixtures has a beneficial
effect. It reduces age hardening.
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Evaluation of Asphalt~Aggregate Mixture by Dynamic Mechanical Analysis.
¥. AbWahab, D. Sosnovske, {,A. Bell, and P. Ryrus.

Transportation Research Record 1386, TRB, Washington, D.C., 1993, pp. 22-30

Dynamical Mechanical Analysis (DMA) and other methods of rheolegical testing
have heen used to characterize the time and temperature dependent responses of

viscoelastic materials. This method uses the time -temperature superposition
method.

Five different aging-treatments were considered for the experiment: ne aging,
STOA(Short-term Oven Aging} for 4 hr at 135°C(2753°F), LTOA({Long-term OQven
Aging} for 5 days at 85°C(1l85°F), LTOA for 2 days at 100°C{212°F), LPO(Low
Pressure Oxidation) for 5 days at 60°C(L40°F) apd LPO for 5 days at
B5°C({185°F}. DMA was performed using a repeated sinusoidal waveform load.
The load was applied at 11 different frequencies from 15 to 0.01 Hz., and at
three different temperatures 0°C, 25°C, and 40°C(32°F,77°F and 104°F).

It was observed that the Asphalt Concrete modulus decreases monotenically as
the frequency is reduced, also it was noted that at an intermediate
temperature or frequency, the asphalt-aggregate mixture is more viscous than
at high or low frequencies where either the asphalt or aggregate dominates the
elastic respomse, The results showed that the short-term-aged specimens dre
consistently stiffer than the unaged specimens for all asphalt-aggregate
combinations. The long~term—-aged specimens are consistently more stiffer than
the ghort~term aged and unhaged specimens for ¢ertain asphalt-aggregate
combinations.

Master curves of complex modulus wversus fregquency for asphalt mixtures were
constructed, they show that the complex modulus at high Ffrequencies approaches
a limiting value of 5,000 Ksi. after long~term aging treatments.

DMA results suggest that Low-Pressure Oxidation (LPO) for 5 days at 85°C is
the most severe treatment among the evaluated lohg~term aging treatments. DMA
rankings of the evaluated asphalt-aggregate combinations based on complex
modulus at 1 Hz. are similar to the diametral resilient modulus rankings for
the same mixtures.
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Investigation of laboratory Aging Procedures for Asphalt-Aggregate Mixture.
C.A., Bell, Y. AbWahab, and M.E, Cristi.

Transportation Research Record 1323, TRB, Washington, D.C., 1991, pp. 32-42

A preliminary program to evaluate the most promising aging methods to simulate
short- and long~term aging effects is presented. The program involves two
groups of aging procedures; for the short-term, forced draft oven aging and
extended mixzing methods were used; for the long-term aging, pressure oxidation
and triaxial cell aging were evaluated. To quantify the effect of the aging
methods; tests were performed on the Asphalt Concrete{AC} and the asphalts.
For the AC, Resilient modulus, Dynamic medulus, and Tensile tests were used;

and for the asphalts rheology tests.

For the short-term aging methods both the oven aging and the extended mixing
resulted in an increase of modulus ratio. The oven aging is advantageous
because several trays can be aged at the same time. Extended mixing requires
oven modification. Long term oven aging can cause a very large increase in
resilient modulus (50% higher than the moduli of cores reéovered from the
field).

The results from the pressure oxidation test program for either oxygen or air
showed a decrease in modulus. A trend contrary to that anticipated and was
attributed to disxuption of the sample when the gas pressure was relieved.
The triaxial cell aging approach is an alternate method of oxygen enrichment
to the pressure oxidation technigue. It inveolves conditioning a sample while
it is positioned in a triaxial test cell. Oxygen or air is passed through the

sample and the »resilient modulus determined at any time during the

conditioning process. A flow rate of 4 ft3/hr. was used, which reguired =a

pressure of about 50 psi. This method requires further investigation.
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Relating Asphalt and Aggregate Properties and their Laboratory Aging to Field

Performance of Asphalt Mixtures.
C.A.Bell, D. Sosnovske, and Julie E., Kliewex.

Preprint Paper no. 94-0873, TRB, Washington, D.C., 1994,

Eight different asphalt types and four different aggregates were used to
prepare Asphalt Concrete (AC) mixture samples. The materials used for this
testing program were selected from those stored at the SHRF Material Reference
Library (MRL) in Austin, Texas. The aggregates used represent a broad range of
aggregate characteristics, from high absorptien crushed limestone to a river
run gravel. The asphalts used alsc cover a bread range of asphalt grades,
All specimens were short-term aged for 4 hours at a temperature of
135°C{275°F) before compaction. four different long-term aging procedures
were examined : low pressure oxidation (LPO) at 69°C and 85°C{140°F and
185°F), long-term oven aging (LTOA) at B85°C(185°F), all for five days, and
LTOA at 100°C{212°F) for 2 days. The aging characteristics of the samples
were evaluated by their resilient modulus as determined using the diametral
(indirect tension)} (ASTM D-4123) and triaxial compression modes of testing.
The modulus data was adjusted for air veoids level. It was found that, on the
average, the modulus decreased 15 Ksi. for each 1 percent increase in airx
voids.

The AC were ranked based in their modulus ratio (before and after aging) by
aggregate type. The field validation program consisted in taking cores from
different projects (new, young and old projects) to compare the performance of
laboratory aged AC with that of field projects. A statistical analysis of the
moduli of field cores and laboratcory specimens was done to determine which of
the laboratory treatments most closely matched the field aging for each site.

The sites were grouped according to climatic regions.

The study alsoc compared the ranking obtained for the asphalts based on AC
aging to the ranking observed by aging the asphalt alone. There is little
similarity between the two rankings for both short-term and long-term aging.
This suggests that the aging of the AC is influenced by both the asphalt and
the aggregate. Aging of the asphalt aione and subsequent testing does not
appear to be an adeguate means of predicting AC performance, with respect to

aging, because of the apparent mitigating effect aggregate has on aging.

Based on the study of new and young field sites, 4 hours of oven aging at

135°C appears to be representative of the short-term aging which occurs in the
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field during mixing and placement. Twe days of long—term oven aging at 85°C
is representative of field aging of about 15 years in a Wet-No Freeze zone and

about 7 years in a Dry-Freeze zone.
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Field Validation of Laboratory Aging Procedures for Asphalt Aggregate

Mixtures.
C.A. Bell, M.J. Fellin and A.Wiedex.

For Presentation and Publication {Preprint), Association ¢f Asphalt Paving
Technoiogists, S5t, Louis, Missouri. March 21-23, 1894,

Acvcelerated Laboratory Testing (ALT) procedures have been developed at Oregon
State University (03U), in a n attempt to simulate shoxt- and long~term field
aging. These ALT's enable asphalt technoleogists to incorporate evaluation of
mixture aging into asphalt mixture ahalysis procedures.. This paper is a
swrmary of the validation of two ALT's developed at 08U, Short-Term Oven Aging
{57T0A) at 135°C and Long-Term Oven Aging (LTOA) at 85°C or 100°C, to simulate
short~ and long~term.aging, respectively.

Durihg the selection process of the sites to study, the climatic region where
the pavement is located was a factor considered. At least two sites of all

climatic regions were included in the study.

Based on the resulis, 4 hours of oven aging at 135°C appears representative of
the sheort term aging which occurs in the field during mixing and placement.
This is also sufficient for field aging of young projects less than two years
old.

Two days of long term oven aging at 85°C is representative of pawement up to
five years old depending on the climate. Also results suggest that four days
of oven aging.at 85°C appears to be representative of field aging of about 15
years in a Wet-No Freeze zone and about 7 years in a Dry-Freeze =zone. Ne
guidelines were developed for Wet-Freeze or Dry-No Freeze =zones, because no

projects of sufficient age could be located.

Oven Aging at 100°C for 1, 2 and 4 days cause similar changes in modulus to
85°C aging for 2, 4, and 8§ days, but damages the samples in the process. Oven
aging at B5°C is considered to be more reliable.

16




Interrelationship Between Performance—-Related Properties of Asphalt Cement and
their Correlation with Molecular Size Distribution.

$.W. Bishara, R.L. McReynolds, and E.R. Lewis.
Transportation Research Record 1323, TRB, Washington, D.C., 1991, pp. 1-9

Molecular Size Distribution (MSD), Corbett analysis, and celleidal instability
were determined to investigate relationships between several asphalt
prhysicochemical parameters. Twenty (20) virgin asphalts covering a wide
viscosity range were studied. The samples were supplied over a seven years
pveriod by 14 refineries. Two of the asphalt samples (Shamrock asphalits} have
unigque characteristics as opposed te the other 18.

A 16~hr. TFOT (Thin Film Oven Test) (ASTM D-1754) causes penetration and
Medium Molecular Sigze components to decrease, but Absclute viscosity,
Kinematic viscesity, Viscosity-Temperatuxe Susceptibility {(VTS), Penetration~
Viscosity Number (PVN) and Large Molecular Size compcnents to increase, Field

aging {(up to 7 years) caused similar changes but of less drastic maghitude.

A weak correlation was found between MSD and viscosity ratio (after and before
TFOT) at €0°C. This may be attributable to shortcomings of the TFOT method.
MSD correlates strongly with PVN at 135°C, wviscosity at 135°C, VTS, colloidal
instakility and asphaltene content, but less strongly with wviscosity ratlo at
60°C. The colloidal instability index correlates fairly well with MSD.

For all correlations, directions of associations points out that high PVN at
135°C and low VTS {low temperature susceptibility},; low wviscosity ratio (high
resistance to aging), high colloidal stability, and low asphaltene content are
all favored by high IMS {(Large Mclecular Size} and low MMS (Medium Molecular
Size) proportions. SMS (Small Melecular Size) has a weak correlation with
most of the wvariables investigated and constitutes less than 10% of all
asphalt investigated. Direction of association favors low 8MS fraction.
Virgin asphalts with high IMS/MMS ratie (»0.75) are characterize by low

temperature susceptibility and high resistance to aging.

Since asphalts with these properties are expected tec exhibit good field
performance it is recommended that HPGPC (High~Performance gel permeation
Chromatography) be used to determine the MSD of a given asphalt. However,
further work to tie the optimum MSD to actual field performance is needed.
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Asphalt Hardening in Extraction Solvents.
B.L, Burr, R.R. Davison, H.B. Jemison, C.J. Glover, and J.A. Bullin

Transportaticn Research Record 1323, TRB, Washington, D.C., 1981, pp. 70-76

To study the changes that occur in asphalt as it ages during the heot-mix
operation or on the road, asphalts must be extracted from the associated
aggregate. BAn early study reported, a coefficient of variation (COV} of 25%
on recovered viscosities. The errors appear likely to be in: 1. The sclvent
has some hardening effect on the asphalt that increases with temperature and
time of exposure. 2. Solvent is often not completely removed from asphalt
during recovery, resulting in wviscesities lower than the true wvalue. 3.

Asphalt is not completely removed from the aggregate.

it is known that asphalts do harden upon exposure to solvents. Howeverx,
little is known about the causes or extent of solvent aging. A number of
asphalts and a variety of solvents were used to quantify the solvent hardening
with respect to time of exposure, temperature, and concentration of disselved
asphalt.

GPC chromatograms were used to study the aging effects {increase in Large
molecular size components) of the asphalt. The results obtained were erratic,

but it was clear that for all solvents ilncreasing temperature increased aging.

Some rapid hardening apparently occurs at the beginning or during recovery,
thought with many asphalts and perhaps all tank asphalts, part of this is loss
of volatile compenents during recovery. Results suggest all solvents appear

about equal in hardening, except CCly , which causes much greater hardening.
Algo light seems to aceelerate hardening both with and without oxygen.

Solvent hardening appears to ocecur to roughly the same degree in most
solvents, so it is not a reaction between asphalt and solvent. It occurs with
the asphalts investigated and is much more asphalt ~than solvent- dependent.
The sgolvent aging can be minimized by using cold extraction and completing

asphalt recovery from the resulting solutions as rapidly as possible.

The mechanism of solvent aging is still unclear; like oxidative aging, it
involves changes that increase the fractlon of Large moleécular size material,
but the mechanism must be quiet different, as it occurs in the absence of
oxygen. The infrared spectra indicates chemical changes occur, but unlike
oxidative hardening, the species formed vary from asphalt to asphalt and deo

not seem to be related necessarily to the hardening process.

18




New Apparatus and Procedure for the Extraction and Recovery of Asphalt Bindex

From Mixtures.
B.L. Burr, ¢.J. Glover, R.R. Davison, and J.A. Bullin

Transportation Research Record 1391, TRB, Washingten, D.C., 1993, pp. 20-29

To properly measure the chemical and physical properties of the asphalt in
the hot mix plant or pavement samples, an accurate extraction and recovery
procedures are required, Studies done have determined that the coefficient of
variation for extracted asphalt viscosities have ranged from 25 to 42 %,
using the ASTM D-2172 methods. The probable areas of problems causing the
variation are three: 1. The solvent has some hardenihg effect on the asphalt
that increases with temperature and time of exposure., 2. Sclvent is often not
completely removed from asphalt during recovery, resulting in viscosities
lower than the true wvalue. 3. Asphalt is not completely removed from the
aggregate.

The SHERP method is an integrated asphalt extraction and recovery procedure{See
Appendix A). It improves on previous methods by accomplishing complete
solvent removal, limiting solvent aging, and extracting more of the strongly
adsorbed méterial from the aggregate. Reproducibility tests indicate that the
method is precise to about 7% for one standard deviation for a ailngle

operator.

Tests feor selvent aging in the recovery method shows that little hardening
occurs during recovery for the SHRP methed. ASTM metheds A and B, modified
using toluene and toluene/15 percent ELOH as solvents, were also tested for
comparison. The modified method A left about 5% of the total asphalt on the
aggregate after extraction on some samples, whereas the SHRP method removed

all but the last one percent.

Comparisen of viscosities of asphalts extracted using different methods showed
that viscosities varied directly with solwvent strength, contacting efficiency

and volume of solvent used in the extraction.
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Evaluation and Develeopment of a Pressure Aging Vessel for Asphalt Cement.
Joe W. Button, Manoj Jawle, Vidyasagar Jagadam, and Dallas N. Little.

Transportation Research Record 1391, TRB, Washingten, D.C., 1933, pp. 11-189

This study evaluates a Pressure Aging Vessel (PAV) for asphalt cement, with
the specific objectives of examining the safety of the procedure and the
effects of aging temperature, film thickness on aging, wvertical location

within the BAV, and proximity of aging asphalt to cther asphalts.

Four SHRP core asphalts were used in the study. The safety investigation
phase of the study concluded with the decision of using dry air instead of
pure oxygen in the PAV. The replacement of oxygen with air made very little

difference in the extent of oxidation of asphalts, and is a lot safer.

I+ was found that the relative degree of hardening of asphalts wvaries at
different PAV aging temperatures; that is, two asphalts may age similarly at
one temperature, but age differently at another temperature, This fact is
significant, because the relative results of an aging test will be dependent

on the temperature at which the temperature is conducted.

An almost linear relationship was found between asphalt f£ilm thickness and age
hardening, for the range of film thickness tested alt different temperatures.
This relationship is mostly asphalt dependent. A decrease in film thickness

results in an increase in hardening.

Results suggest that differential aging did not occurred with respect to the
vertical position in the PAV. Alsc it was found, that for the asphalts tested
and the conditions used, aging asphalts simultaneocusly in the PAV has no

effect in the extent of hardening.
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Use of Aging Tests to Determine the Efficacy of Hydrated Lime Addition to
Asphalt in Retarding its Oxidative Hardening,

A.C, Bdler, M.M. Hatting, V.P. Servas, and C.P., Marais.
Proceedings, Association of Asphalt Paving Technolegists, Vol. 54,

1985, pp. 118-139

In the laboratory study, 60/70 and 80/100 penetration grade asphalts were used
to determine the effect of lime treatment on asphalt hardening after aging.
The asphalts were modified with 6 and 12 percent of hydrated road lime. After
aging they were tested to determine the oxidative hardening by wviscosity
megsurements, infra-red spectra and guantitative measurement of the High
Molecular Weight Constituents (HMWC) of the samples.

Regults demonstrated that lime addition greatly reduces the asphalt hardening
as measured by viscosity index. The addition of 12% of hydrated lime retarded
the age hardening to a greater extent than the addition of 6% of hydrated

lime +

211 the asphalts exhibited an increase in oxidation levels on aging. Results
showed that the addition of lime reduced the oxidation levels, as measured by
infra~red spectra; the addition of 12% lime being more beneficial than the
addition of €% lime.

The formation of HMWC due to laboratory aging tests is reduced by the addition
of hydrated lime. However, owing to the detrimental effect of lime particles
on viscosity, the overall effeect on the reduction of age-hardening as measured
by aging indexes after laboratory long-term aging tests is similaxr for the two

hydrated lime contents.
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Binder and Mixture Aging in Asphaltic Pavements: A Specification.
David R, Jones and Jack S. Youtcheff.
SHRP Asphalt Research Program Technical Memorandum # 5, 1992

It is generally accepted that asphalt aging is not a pavement distress, but is
rather a conditioning step that can lead to pavement distress through the
Asphalt Concrete (AC) embrittlement. The Strategic Highway Research Program
{SHRP} formed the Aging Werking Group to try to answer the complex questions

of pavement aging.

The aging of bituminous binders is a complex process, involving several
reactions which occur simultaneously. As oxidation of hetercatoms or
oxidizable carbons takes place, volatile material is also lost at a rate that

depends on both the asphalt temperature and service environment.

The Aging Working Group found no direct correlation between aging behavior
and carbonyl or sulfoxide levels, also studies have shown that both functional
groups may be unstable at the high temperatures used in some accelerated aging

tests.

It was the finding of the Group that the oxidative mechanism were the same in
the laboratory and the field up to temperatures appreaching 115°C{239°F).
Based on these studies the maximum temperature at whic¢h accelerated aging of
binders should be carried out is 110°C(230°F). The overall conclusion of the
researchers is that the aggregate plays a minor rele in the aging of asphaltic
pavements, and that there is no aggregate induced catalytic oxidation of the

asphalt.

It was determined that for AC mixtures, a short—-term oven aging test would
accurately duplicate the aging occurring te the binder during mixing and
laydown. The test involves four (4) hours aging of the lcose mix in a forced
draft oven at 135°C{275°F).

The Group dlsce states that samples of binder show different physical
properties depending on their thermal history. The slew annealing of asphalts
will allow the molecules to orientate into a preferred status, resulting in a
viscosity increase after annealing. Annealing can nearly double the wviscosity
of the sample. The Aging Working Group concluded that the limited affect of
aggregates on binder aging suggests that binder aging can be used to predict

pavement properties.’

! This report was finished in 1992, more recent studies have shown that the aggregates do have a significant effect
in the asphalt aging, thus asphalt aging alone is not an adequate indicator of how the AC will age in the ficld.

22




Use of GPC Chromatograms to Characterize Aged Asphalt Cements.
By EKwang W. Xim and James L. Burati Jr.

Journal of Materials in Civil Engineexing, ASCE, Vol. 5, No. 1, February
1993, pp. 41-52.

Asphalt Cements of three different grades and three different sources were
subjected to artificial aging using the TFOT(Thin Film Oven Test) (ASTM D-1754)
at three different duration. The change in some of their physical properties
were measured (Absolute viscosity, Kinematic viscosity and Penetratien}, also

the change in their MSD (Molecular Size Distribution) was monitored.

The GPC Chromatograms were compared to characterize the MSD of the different
asphalt/grade/aging condition combinations. The different fractions of the
GPC curve (Large Molecular Size (IMS), Medium Meolecular Size (MMS), and Small
Molecular Size (SMS)) were correlated to the physical properties measured. It
was found that in general there is a significant change in IM3 area due to
aging. Also LMS area increased more for lower viscosity asphalt cement than

for higher viscosity ones.

Statistical analysis showed that the absolute visceosity and the kinematic
viscosity were related to large-size molecules and some of the small-size
molecules, and penetration was related to medium-size molecules. The study
demonstrated the applicability of using GPC analysis to characterize asphalt
cements, predict their physical properties, and identify the aging of the

asphalt cement.
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Reaction Rates and Hardening Susceptibilities as Determined from Presaure

Oxygen Vessel Aging of Agphalts.
¢.X. Lau, K.M. Lunsford, C.J. Glover, R.R. Davisen, and J.A. Bullin,

Transportation Research Record 1342, TRB, Washington, D.C., 1282, pp. 50-57

Attempts have been made to simulate road aging with laboratory tests. Aging
occurs in two modes: first there is the very rapid aging that occurs in the
hot-mix plant at high temperatures on the aggregate surface. This is followed

by a much slower, low-temperature aging in the road,

The TFOT(Thin Film Oven Test} (ASTM D-1754) and RTFOT{Reclling Thin Film Owven
Test) (ASTM D-2872) have been used to simulate the leong term aging that occurs
in the pavement. 'The results do not appear to correlate to read aging. One
likely reason is that the tests are still conducted much above field
temperatures, so that the aging rates and mechanisms are not relevant to field
aging. In order to simulate road aging, the mechanism of aging in the binder
must be the same of the one that occurs in the pavement.

Five asphalts (AC-20) were aged using the Pressure Oxygen Vessel (POV) at 300
psi oxygen pressure at temperatures of 60°C, 71.1°C and 82.2°C. The samples

were removed periodically for wviscosity measurements and infrared analysis.,

It was found that the degree of oxzidation, as measured by the increase in
carbonyl peak area relative to the unaged neat asphalt, increases linearly
with oxidation time at a given temperature over a range from 60°C te 82.2°C,
This suggests that the aging mechahism for this range is the same. Also the
degree of hardening due to oxidation increases linearly with time and, hence,
is linearly related to the carbonyl peak area. The hardening susceptibility

is a key measure of the effect of oxidative aging on a physical property.

It was observed that different asphalts exhibit different reaction rates at
the same temperature. Results showed that AAG-1 asphalts when oxidized to
the same extent as the other asphalts didn't present the same increase in
viscosity. Thus one asphalt may age faster than another at one temperature,
whereas it may age slower at a different temperature. Asphalt aged in
contact with two different aggregates suggest that the reaction mechanisms are
not significantly changed by the aggregate up to 107°C. There 1s not a
significant difference between POV aging of neat asphalt and core aging of
asphalt concrete pavements at temperatures below 93.3°C.
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Asphalt Aging in Texas Roads and Tests Sections.
K.L. Martin, R.R. Davizon, C.J. Glover, and J.A. Bullin.

Iransportation Research Regord 1269, TRB, Washington, D.C., 1988, pp. 9-19

In 1982-~1983, test sections were laid at three Texas locations using five
asphalt sources and two grades (AC~10 and AC-20). The roads were cored 1984,
1985 and  1987. Viscosities, penetrations, voids, gel permeation
chromatography (GPC), and infrared analysis were run. The data cbtained from
the cores, showed a surprisingly high void level in two of the test sections

locations, which led to rapid aging and early demise of the test sections.

High void levels relate to shortened road life. As has been identify in
previous studies, the wveid level is considered as one of the most important

factors affecting the rate of hardening of an asphalt pavement,

It was found that oxidation, as reflected in the growth of the carbonyl peak,
increases rapidly with wvoids. Also, the data collected showed that the
sections constructed with the lower viscosity grade were oxidizing less
rapidly.

A1l the data and the results of tests tend to indicate that carbonyl peak
height.is a good measure of recad aging for any particular asphalt with respect
to both viscosity and penetration, and cah probably be used as an effective
parameter in laboratory aging tests. However carbonyl peak height, cannot be
related to road age in years, bhecause the percentage of voids, and probably

other factors alse exert a significant influence on aging.

The use of GPC to measure asphalt aging is also very useful, but GPC results
are more difficult to correlate. Fach asphalt yields a chromatogram with a
distinctive shape that is dependent on the procedures used.
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Effects of Physicochemical Factors on Asphalt Oxidation Rinetica.

J.C. Petersen, J.F. Branthaver, R,E. Robertson, F.M. Harnsberger, J.J.
Duvall, and E.K. Ensley.

Transportation Research Receord 1391, TRB, Waghington, D.C., 1993, pp. 1-10

The oxidative hardening of asphalt contributes significantly to the
embrittlement of asphalt pavements. This hardening is attributed primarily to
the formation of polax, oxygen—containing chemical functionality that
increases interactions ameng asphalt molecules. The sensitivity of an asphalt

to the oxidation preoducts varies with asphalt source.

A model for asphalt oxidation hag been proposed suggesting that
physicochemical factors dominate the kineticé of oxidative age hardening of
most asphalis. This model proposes that potentially reactive polar asphalt
molecules associate to form microstructure. These molecular assocliations
immebilizes the inherently reactive components thus reducing their ability to

react with atmospheric oxygen.

Molecular association of polar asphalts components plays a major role in
determining aging characteristics, and because it is known that molecular
assoclation is reversible and highly temperature susceptible; studying the

kinetics of aging as a function of temperature is nesded.

Two laboratory aging tests were selected for the study of age-hardening
kinetics. For the low temperature range, FPressure Oxygen Vessel (POV) was
'used, and to evaluate aging at higher temperatures, the Thin Film Accelerated
Aging Test (TFAAT) was used.

Results indicate that two asphalts can be ranked as having similar age-~
hardening characteristics at one temperature, hut at higher {other)
temperature this may not be the true; this depends on the degree of dispersion
or association of the asphalt's polar molecules.

The age hardening kinetics at pavement temperature of all but the most highly
dispersed asphalts are dominated by the immobilization of polar, reactive
asphalt molecules through microstructure formation, The sensitivity of an
asphalt to wiscosity increase on oxidation is strongly influenced by its
component compatibility(asphaltene and maltene). The more highly structured
an asphalt cement, the more sensitive it is to viscoesity increase with
increasing temperature of oxidation. The hydrocarbon oxidation chemistry
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is similar for both ambient and pressure vessel aging of asphalts, and it also

similar throughout the temperature range of 60°C to 130°C.
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Paving Asphalts: Reduction of Oxidative Hardening of Asphalts by Treatment
with Hydrated Lime -A Mechanistic Study.

H. Plancher, E.L. Green, and J.C., Petersen

Interim Report. Federal Highway Administration. Washington, D.C., April 1977.

Four asphalts and four aggregates supplied by the Material Diwvisiocn, Office of
Research and Development, Federal Highway Administration, were used in the
study. Samples (AC (Asphalt Concrete} and asphalt alone) were prepared with

and without lime treatment.

The use of lime treatment has a beneficial effects in reducing the oxidative
hardening of asphalts; this was demonstrated by the significant decrease of
the viscosity and aging indexes of the lime treated samples. The decrease was
around 50%. Modulus aging indexes of all the samples prepared with lime
treated asphalts were lower than those prepared from untreated asphalts. The

decrease ranged from 6 to 29 percent.

Results showed that the aggregate type had an effect on Resilient modulus(Mg).
Mp values of samples prepared from limestone aggregates presented laxger

modulus than the ones prepared from granite. These differences are belileved
to result primarily from differences in the physical properties of the
aggregates; i.e., the softer agygregates are crushed or abraded during

conmpaction.

A comparison of the data on untreated and lime-treated asphalts shows that the
lime-treated asphalts contain smaller amounts of the determined oxidation
products than the untreated asphalts. Lime treatment reduced the amount of
carbonyl type oxidation products formed in asphalt, this reduction was
relatively small when compared with the reduction in hardening as measured by

the aging indexes.

Analysis of the asphalt cement bhefore and after lime treatment, showed that
the lime removes polér molecules that are capable of exhibiting strong
nmolecular interaction forces; these components probably play an important role

in asphalt hardening.

In all cases, lime treatment reduced the viscosity of the asphalts,
demenstrating that the peolar material removed by the lime are viscosity-

building components.
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Evaluation ¢f Aging Characteristics of Asphalts by Using TFOT and RTFOT at
different Temperature levels.

Jih-Min Shiau, Mang Tia, Byron E. Ruth, and Gale C. Page.

Transportation Research Record 1342, TRB, Washington, D.C., 1292, pp. 58-66

Thin Film Oven Test {TFOT) and Rolling Thin Fllm Oven Test {RTFOT) were used
to investigate the aging characteristic of 20 asphalts at three different
temperature 285°F, 325°F and 365°F(140°C, 163°C and 185°C). Penetration,
Absolute visceosity, Infrared absorption spectrophy and Schweyer rheometer were
used to evaluate the characteristics of the asphalts before and after the TFOT
and RTFOT.

On the basis of percent penetration retained and absolute viscosity ratic, the
RTFOT is a more severe aging process than the TFOT for oven temperatures of
285°F and 325°F. However, the two processes are not significantly different

at an oven temperature of 365°F.

The carbonyl ratio, a ratioc of infrared absorbahce at 1700 am™! and 1600 cml
was used to guantify the level of oxidation in the binders. Based on the
carbonyl ratio, the effects of TFOT and RTFOT are not significantly different
from each other at oven temperatures of 285°F and 325°F. However, at 365°F,

the TFOT is more severe from the standpoint of carbonyl ratio.

On the basis of constant power viscosity, the effects of TFOT and RIFOT are

not significantly different from each other at any of the three temperatures.

It was found that higher oven temperatures result in increased differentials
in properties (i. e., the change in viscosity between 325°F and 365°F is
greater than that between 285°F and 325°F. Also results showed that the
constant power viscosity-temperature relationship of asphalt is shifted
parallel to the original relationship after the aging process. The
relationship shifts more for higher oven temperature than for lower oven

temperature.
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Role of Asphalt and Aggregate in the Aging of Bitumincus Mixtures
D.A. Sosnovske, Y. AbWahab, and C.A. Bell

Transportation Research Record 1386, TRB, Washington, D.C., 1993, pp. 10-21

Eight different asphalt types and four different aggregates were used in the
experiment. Mixture samples were prepared using each asphalt with each of the
four aggregates. The samples were subjected to four different aging methods:
no aging, short-term aging, lcng-term oven aging, and 1low pressure
oxidation (LPO).

The aging characteristics of the samples were evaluated by the resilient
modulus as determined using the diametral (indirect tension) (ASTM D-4123) and

triaxial compression modes of testing.

The modulus ratio {(before and aftér aging) for short-term and long-term aging
were used to rank the asphalts with each aggregate. Data from another study,
in which the asphalt cement alone was aged and ranked, was used for comparison
purposes. The asphalts were ranked based on aging ratic (ratio of the aged
viscosity at 60°C(140°F} and the original wviscosity at 60°C.

The comparisons showed significant differences in ranking between mixtures and
asphaits for both Short-term aging and Long-term aging. This suggests that
the aging susceptibility of the mixture is not only dependent on the asphalt
but alse on the aggregate present in the mixture. The aging phenomenon
appears to be related to the adhesion of the asphalt and aggregate.

The differences obtained in the rankings also ilndicates the need for testing
to evaluate the mixture's aging susceptibility. Aging the asphalt alone is
not an indicator of how a mixture will age. It was obserwved that the aging of
certain asphalts is strongly mitigated by some aggregates but not by others.
Also it appears that the short~term aging procedure does not enable prediction
of long-term aging. The LPO long~term aging procedure causes the mest aging
and less wvariability in the rankings of aging susceptibility relative to

short-term aging rankings.

30




Comparing Field and Laboratory Aging of Bitumens on a Kinetic Basis,
A.F. Verhasselt and F.5. Choguet.
Transportation Research Record 1391, TRB, Washington, D.C.,, 1993, pp. 30-28

Asphalt cements in pavements are subjected to two types of aging during its
life: rapid aging in construction and slow aging in service. To study the
aging in the laboratory of bitumens in a kinetic basis, it is necessary to
evaluate the activation energy of oxidation reactions from developments in

certain characteristics such as asphaltene content, R&B and Penetration.

Taking classical kinetic theory and the concept of extent of reaction, a, as a
basis and using the one-dimensional diffusion medel for seclid-state reactions,
it is possible to clarify the process of bitumen aging in time. By randomly
selecting a reaction indicator 8, the g¢general equation after mathematical

transformation can be written as follows:
St=SO+K1/2*t1/2

where

Si=value of indicator at time t,
Sy=value of indicator at time t=0 and

K=reaction or rate constant (at test temperature).

Using this equation, it is possible to determine the owverall reaction
constant, XK, from experimental data as far as the test have bheen conducted at
temperatures no higher than 1006°C{212°F). After thils temperature the reaction

mechanism is different from that which occurs on site.

On site, a pavement is subjécted to variations in temperature according to the
surrounding c¢limatic conditions. Equal time of exposure tec various
temperatures will contribute in different ways to the aging of the binder.
Because of the wvariations in field temperature, the total in-service aging of
a binder, will be the sum of a series of partial aging progesses, the

contribution of which depends on the time of exposure %o a given temperature.

One of the important factors in the kinetic approach to aging is temperature.
Accelerated laboratory tests make it pessible to determine the overall
reaction ¢onstant, K, for variocus indicators at several exposure temperatures.
To transferk this appreach from laboratory results to in-service road
conditions, the concept of kinetic mean temperature must be used. This

temperature can be evaluated: 1. From the activation energy of the reactions
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evaluated and 2. From statistical data on the distribution cof temperatures at
the surface of road structures.

When overall reaction constant calculated from the results obtained on sites

in regions with different climates are compared with those extrapolated from

the results of accelerated laboratory aging tests and from relevant presumed

kinetic mean temperatures, the proposed kinetic appreach is

for assessing the aging of bituminous binders in service.

found to be wvalid
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APPENDIX A
SHRP Extraction and Recovery Method

The SHRP extraction and recovery apparatus is presented in Figure 1.
The extractor drum has a filter arrangement consisting of a 10-mesh
steel screen followed by about 2.54 om (1 in.} of glass wool
packing, an B8-mm polypropylene monofilament filter(Filter-All, Inc.

#13118, from Mongolia, Texas), and another 10-mesh steel screen for

filter support. The drum is also fitted with =four kaffles to
improve mixing. The fine filter is composed of twe 33-cm(13 in.)
aluminum discs containing about 1.27 om(l/2 in.) of 1liquid space

followed by a 1-to 2-mm polypropylene monofilament filter(Fllter-
211, Inc. #13107) and a 1l0-mesh screen filter support. To begin an
extraction, 1 Kg of pavement sample and 600 ml. of toluene {or TCE)
are charged to the extractor drum. The drum is attached to the 30
rpm, 49.7W (1/15 h) shaded pole gear motor and turned for 5 min.

Next, the drum is connected above the first filtrate £flask, about
39.9 kPa wvacuum is applied (6l.3 kPa préssure, absolute}, and the
extract is filtered. This filtrate is further put through the fine
filter to remove as many small particles as possible. Unfortunately
the coarse filter by itself passes tco many fines to the recovery
step, and a 1- to 2mm filter plugs when it is used as the drum

filter.

The filtrate from the fine filter 1s transferred to the rotary
evaporator's 100 mL recovery flask, which contains several 3-mm
glass boiling heads. The rotary evapcrator 1s a Buchii RE-111, and
a common kitchen fryer is used as an oil bath. The bath temperature
is held at 100°C and pressure is lowered inte the oil bath and the

seclvent is distilled until the cendensate rate is down te about one
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drop every 15 seconds when the flask is raised from the oil bath.
The condensate flask is emptied into a container where the solvent

is used for subsequent washes.

The oll bath temperature and recovery pressure were chosen to obtain
a relatively low distillation temperature without owerwhelming the
condenser., Having the boiling temperature low limits the rate of
solvent aging during the recovery step. The relative low bath

temperature helps reduce unstable boiling in the recovery flask.

While the solvent is distilling, the extractor drum is charged with
400-mL solvent and turned for 15 min. The mixing, filtering and
distilling sequence is repeated for this second wash. The third
wash follews similarly, except that the mixing time is 30 min.

After distilling the third wash, the recovery flask is removed and
set aside. This £lask contains about 90% of the asphalt in the
| sample, and removing it from the recovery conditicns helps prevent
solvent aging. Another recovery flask is attached to the rotary
evaporator for the remaining washes. For the fourth and s_ubseque'nt
washes, toluene {pr TCE) with 15 percent ethancl is used. The mix
times are 30 min. each. When the extract flowing through the
transfer tube attains a light brown color, the extraction is
completed, This usually takes a total of seven washes, or about

3000 miL of solwvent contactirig the sample.

Refore the final recovery, the asphalt in both flasks is mixed inte
solution and poured into two 250 ml, centrifuge Jars. The last
remaining aggregate fines are centrifuged for 25 min. at 3600 rpm.

After centrifuging, the solution is decanted into a 1000-mlL recovery

flask with boiling heads,
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For the final recovery, the bath is heated to 171°C. The recovery
flask is attached teo the rotary evaporator, pressure 1s set at 8.0
kPa absolute, thé flask is lowered into the bath, and sclvent is
distilled. Wheh the condensate rate falls to less than one drop
every 30 sec, a nitrogen (N2} purge tube is inserted through the
condenser and down to the asphalt surface. The N2 i1s bubbled at
1000 mL/min through the asphalt for 30min. to complete the

extraction and recovery.
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Figure 1. Schematic representation of SHRP extraction
and recovery apparatus.
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