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FOREWORD

The Unified Facilities Criteria (UFC) system is prescribed by MIL-STD 3007 and provides
planning, design, construction, sustainment, restoration, and modernization criteria, and applies
to the Military Departments, the Defense Agencies, and the DoD Field Activities in accordance
with USD (AT&L) Memorandum dated 29 May 2002. UFC will be used for all DoD projects and
work for other customers where appropriate. All construction outside of the United States, its
territories, and possessions is also governed by Status of Forces Agreements (SOFA), Host
Nation Funded Construction Agreements (HNFA), and in some instances, Bilateral
Infrastructure Agreements (BIA). Therefore, the acquisition team must ensure compliance with
the most stringent of the UFC, the SOFA, the HNFA, and the BIA, as applicable.

UFC are living documents and will be periodically reviewed, updated, and made available to
users as part of the Military Department’s responsibility for providing technical criteria for military
construction. Headquarters, U.S. Army Corps of Engineers (HQUSACE), Naval Facilities
Engineering Systems Command (NAVFAC), and Air Force Civil Engineer Center (AFCEC) are
responsible for administration of the UFC system. Technical content of UFC is the responsibility
of the cognizant DoD working group. Defense Agencies should contact the respective DoD
Working Group for document interpretation and improvements. Recommended changes with
supporting rationale may be sent to the respective DoD working group by submitting a Criteria
Change Request (CCR) via the Internet site listed below.

UFC are effective upon issuance and are distributed only in electronic media from the following
source:

e Whole Building Design Guide website https://www.wbdg.org/ffc/dod.

Refer to UFC 1-200-01, DoD Building Code, for implementation of new issuances on projects.
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CHAPTER 1 INTRODUCTION
1-1 REISSUES AND CANCELS.

This UFC reissues and cancels UFC 3-260-03, Airfield Pavement Evaluation, dated 15
April 2001.

1-2 PURPOSE AND SCOPE.

This document provides guidance in the structural evaluation of existing pavements. It
incorporates recent and applied research that has resulted in improved reliability in
evaluation results obtained with DoD engineering tools that address the purpose and
scope of this UFC for all DoD Services.

UFC 3-260-03 presents criteria for evaluating the load-carrying capability of airfield
pavements in terms of allowable traffic that a pavement can sustain for given loading
conditions or the allowable load for a specified traffic mix, without producing unexpected
or uncontrolled distress. It is not for use in contractor quality assurance or quality control
(QA/QC). This document outlines procedures for nondestructive testing (NDT) and
direct testing to gather data for use in conventional and layered elastic pavement
analysis. The Pavement-Transportation Computer Assisted Structural Engineering
(PCASE) application implements the pavement evaluation criteria in this document.

1-3 APPLICABILITY.

This document applies to evaluations of DoD airfields and heliports or those used by
DoD aircraft or missions.

1-4 NATO AIRFIELDS AND OPERATIONS.

Comply with NATO STANAG 7131, Aircraft Classification Number (ACN)/Pavement
Classification Number (PCN), and NATO STANDARD AEP-46, ACN/PCN, when
evaluating airfields used by NATO forces or NATO campaigns. Comply with TSPWG M
3-260-00.NS7210, Standards for NATO Deployed Air Operations.

1-5 PAVEMENT TYPES.
The pavement types considered in this UFC are the following.
1-5.1 Flexible Pavement.

A pavement with an asphalt concrete (AC) surface course and one or more supporting
base or subbase courses, placed over a prepared subgrade.

1-5.2 Plain Concrete Pavement.

A single thickness of non-reinforced portland cement concrete (PCC) resting directly on
a prepared subgrade, granular base course, or stabilized layer.
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1-5.3 Rigid Overlay on Rigid Pavement.

A rigid overlay pavement placed on an existing rigid pavement. Placing a rigid overlay
can include or exclude a bond-breaking course between the existing rigid pavement and
the overlay. If the thickness of the bond-breaking course between the two rigid
pavements is 4 inches (102 millimeters) or more, evaluate the entire pavement as a
composite pavement (see paragraph 1-5.6 and paragraph 7-8).

1-5.4 Non-rigid Overlay on Rigid Pavement.

An AC surface layer or combination of AC layer and granular base course placed on an
existing rigid pavement.

1-5.5 Rigid Overlay on Non-rigid Pavement.
A rigid overlay pavement placed on an existing non-rigid pavement.
1-5.6 Composite Pavement.

A composite pavement consists of a rigid overlay placed on an existing pavement that
already has an existing flexible overlay on a rigid base slab. The existing flexible overlay
may be asphalt for its full depth or a combination of asphalt and granular base course
over the rigid base slab. When the thickness of the flexible overlay is less than 4 inches
(102 millimeters), consider the entire pavement as an unbonded rigid overlay on rigid
pavement. The asphalt overlay material is considered a bond-breaking course.

1-5.7 Reinforced Concrete Pavement.

A concrete pavement reinforced with deformed steel bar or welded-wire fabric. Measure
the diameter and spacing of the steel in both the longitudinal and transverse directions
to determine the percent steel.

1-5.8 Fiber Reinforced Concrete.

A concrete pavement reinforced with fibers. Previous evaluation manuals contained
curves for evaluating concrete pavements with steel fibers. These curves are no longer
used because there are no airfield pavements in DoD with steel fibers due to the fibers
causing surface problems. Do not use steel fibers unless approved by the Pavements
Discipline Working Group (DWG) or its designated representative. If using other types
of fibers in pavements, do not reduce the pavement thickness requirement.

1-6 GLOSSARY.
Appendix F contains acronyms, abbreviations, and terms.
1-7 REFERENCES.

Appendix G contains a list of references used in this document. The publication date of
the code or standard is not included in this document. Unless otherwise specified, the
most recent edition of the referenced publication applies.
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CHAPTER 2 EVALUATION CONCEPTS AND PROCESS
241 RELATIONSHIP OF DESIGN TO EVALUATION.

Pavement design requires selecting materials with the necessary strength and placing
them at the proper thickness, density, and depth to construct a pavement capable of
carrying the anticipated number of passes of a given load. Due to variations in material
and placement conditions, the strengths and thicknesses of the as-constructed
pavement may differ from the design. Over time, the strength of layers in the pavement
structure will change. An evaluation determines the physical properties of a pavement
as constructed and in its current condition to verify its aircraft load-supporting capability.

2-2 CONCEPTS.

The primary function of a pavement is to distribute the wheel loads over a larger area
than the wheel contact area. Each airfield has its own natural soil and environmental
conditions, and the in situ soils must ultimately sustain the stresses resulting from loads
applied to the pavement. Since the strengths of native soils can vary widely from site to
site, the ability to support loads also varies widely. In most cases, aircraft tire loads
cannot be sustained directly on the native soils.

2-21 Pavement Structure.

A pavement design limits the tensile strain in an AC surface layer and tensile stress in a
PCC surface layer to prevent excessive shear deformation (e.g., vertical strain) in the
underlying unbound layers, including the subgrade. Flexible and rigid pavement
structures are designed to limit tensile strains and stress for a defined mix of aircraft at
specified loads and passes. Based on the magnitude of the applied surface load,
contact pressure, and gear configuration, a pavement structure must distribute surface
loads to that which the subgrade soil can accept for the aircraft mix. The evaluation
process looks at load capability of an existing pavement in two ways. First, given a
specified aircraft mix at a specified load, determine the allowable passes. Second, given
a specified aircraft mix at a required number of passes, determine the allowable load.

Flexible pavements distribute load by broadening the effective area supporting the load,
from the tire contact area on the surface to a wider area on the base, to a still wider
area on the subbase, and so on. Each layer must be of sufficient quality to sustain the
load intensity or stress and each must be thick enough to broaden or distribute the load
and reduce intensity to that which its supporting layer can sustain without excessive
permanent deformation. Rigid pavements are stiffer and have a “beam action” or
flexural capability that spreads or distributes load more widely but must still have
sufficient support to distribute the load and reduce flexural and tensile stresses in the
slab.

2-2.2 Performance Models.

Performance models act as a “transfer function” between pavement response models
and actual pavement performance. DoD uses several different pavement evaluation
models, all of which are mechanistic-empirical models that associate an empirically
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derived pavement failure indicator (e.g., vertical stress) that defines the response with
the required performance (e.g., coverages to failure). These performance models
include the following:

. CBR-Alpha-Beta Hybrid model for flexible pavements that uses the
California Bearing Ratio (CBR) as a strength index for base, subbase, and
subgrade layers

o Westergaard Medium-Thick Plate Solution for rigid pavements that uses
the modulus of subgrade reaction (k) as a strength index for layers
supporting the slab

o CBR-Alpha model for unsurfaced and mat pavements that uses the CBR
as strength index for all supporting layers

. Layered Elastic model for both rigid and flexible pavements that uses a
material’s Modulus of Elasticity (E) and Poisson’s Ratio (v) values to
characterize each layer

2-3 PAVEMENT EVALUATION PROCESS.

Pavement evaluation requires a structured approach to gather and organize

information, perform testing and analysis, and generate report products for a variety of
stakeholders to use in decision making. In addition to the structural evaluation process
and procedures defined in this UFC, UFC 3-260-16, O&M Manual: Standard Practice for
Airfield Pavement Condition Surveys, outlines the guidance for pavement condition
index (PCI) inspections and UFC 3-270-08, Pavement Maintenance Management,
provides guidance on using PCI and structural evaluation results in the overall
pavement management process. The processes and procedures in all three of these
documents are interrelated, follow the same general steps, and use the same inventory
organization.

2-3.1 Evaluation Planning.

Gather and review information regarding the site and the pavement at the site from the
sources outlined below. These data are used to determine the scope and validity of
available data and develop a test plan. While this step in the process begins prior to any
field work, it typically continues through the other phases of the evaluation as you
contact people at the installation and get access to additional information.

2-3.1.1 Previous Evaluation Reports, Design, and Construction Documents.

Begin the planning process by gathering any previous evaluation reports. They typically
have much of the background data needed for planning and conducting the evaluation.
In addition to physical property and surface condition data, they contain site,
construction history (also known as work history), and previous traffic information.
Design and construction documents are another good source of information, including,
but not limited to, the following:

. Pavement, base, and subbase layer thicknesses
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o Asphalt physical properties such as mix design aggregate gradation and
testing, binder properties, and asphalt mix properties such as density and
voids

. PCC physical properties such as mix design, aggregate gradation, and
slump

o Base and subbase strength and material properties

o Rigid pavement flexural strength

o Rigid pavement joint layout and load transfer devices or thickened edges

These data are particularly useful for forensic analysis when testing uncovers issues
with existing pavements. This type of information is also available in the sources
described below when no previous evaluations exist and is also used to validate and
supplement information in previous reports.

2-31.2 Geographic Location and Mapping.

Determine the geographic location of the airfield and obtain mapping data. Geospatially
correct mapping is normally furnished by the installation when performing an evaluation
at a DoD installation or forward operating location with a current DoD mission. Obtain
imagery and mapping from other sources such as the National Geospatial-Intelligence
Agency (NGA) when not available from the installation or operating location.

2-31.3 Geological Data.

Identifying the general geology in the vicinity of the airfield is critical to determine the
general type of soil deposition (e.g., alluvial, residual), the parent rock from which the
soil derives, and other pertinent information. Soil type data is available in U.S.
Geological Survey publications or Department of Agriculture soil maps as well as from
state geological departments, state highway departments, subsurface exploration
companies, and similar organizations, including NAVFAC and USACE construction
offices. Soil boring or well logs from the installation and aerial photographs showing
pertinent geologic features are also valuable data sources.

2-31.4 Drainage and Groundwater Conditions.

Identify the natural drainage pattern and general surface-drainage system for the area
from contour maps published by the U.S. Geological Survey, the National Oceanic and
Atmospheric Administration, or the NGA. Collect detailed information concerning
drainage at the airfield, including descriptions of any drainage structures and shoulder
slopes, and whether excessive vegetation or soil along the pavement edges ponds
water on the pavements. Determine the depth to groundwater table near the airfield and
at the airfield perimeter and note the presence of any perched water tables in the airfield
subgrade. Obtain groundwater data and the location of springs and seeps from well
logs, cuts, or borings in the vicinity. Also, identify and evaluate subsurface drainage
systems.
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2-3.1.5 Climatic Data.

The Pavement-Transportation Computer Assisted Structural Engineering (PCASE)
application has a world index database with the average daily maximum and minimum
temperatures for each month, average annual rainfall, and the freezing index. This, as
well as other information such as the average humidity and description of the prevailing
winds for the period of record, can be found in routine National Weather Service
publications, from records of the airfield weather station, or from the U.S. Air Force 14th
Weather Squadron (formerly Combat Climatology Center [AFCCC]) Asheville, NC.

2-3.1.6 Construction/Work History.

Having an accurate construction history is essential to analyze the pavement surface
condition deterioration and is used for structural analysis if field testing cannot be
conducted. Information on other work performed, such as dates for overlays, surface
treatments, joint seals, patches, and other repairs, enhances analysis capability. Obtain
detailed information on the construction and maintenance performed on each facility
from the installation engineer organization responsible for base maintenance. The
construction office responsible for construction on the installation (e.g., NAVFAC or
USACE) may also be able to provide this information.

2-31.7 Traffic Data.

Collect data from airfield management on the type, gross weight, and typical operating
weight of each type of aircraft regularly using the airfield on a day-to-day basis. Specific
traffic data (type, weight, passes) for all fixed or rotary wing aircraft using each runway,
taxiway, and apron system will enhance the evaluation accuracy if available. These data
will be used to define future expected traffic loading and pass levels. Specific traffic
analysis procedures are discussed in detail in Chapter 4.

2-3.2 Mapping and Inventory.

Having a geospatially correct map linked to areas of pavement with similar
characteristics provides organization for pavement testing, analysis, and reporting.
Mapping and inventory standards and procedures are described in detail in UFC 3-270-
08. The following is a process summary.

2-3.21 Pavement Inventory.

Pavement inventory is the term used to describe all the airfield pavement on an
installation. The pavement is divided into a hierarchy consisting of a network, branches,
and sections. A site typically has one airfield network but can have more than one in
some situations. Branches are divided based on pavement use (e.g., runways,
taxiways, and aprons) and sections are areas of pavement with similar physical
characteristics. Each of these entities has an ID and the combination of the network,
branch, and section IDs is the pavement ID (PID). The PID is associated with the
pavement evaluation data in the database and its respective polygon on the map. See
UFC 3-270-08 for more detail.
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2-3.2.2 Creating and Updating Maps.

Use a Geographic Information System (GIS) application such as ArcMap or AutoCAD
3D Map to create or update mapping. There is also the option to use the GIS application
to update inventory data and work history associated with section polygons. When
implementing this option, the inventory and work history data structure must follow the
PAVER standard. Export the map to a shape (.shp) file or table and import that file to
PCASE or PAVER for use in either application.

2-3.2.3 Importing Maps to PCASE or PAVER Applications.

The PCASE and PAVER applications both use the same database. When you import
the map in PCASE, the updated map is available in PAVER and vice versa. Details on
importing GlS/tabular data are available in the PCASE and PAVER user guides. The
process is the same for both.

2-3.2.4 Creating and Updating Inventory in PCASE or PAVER.

When the map imported from the GIS application does not include inventory or work
history data, it is updated in PCASE or PAVER using the Define Inventory tool. The
updated section data is then assigned to the section polygons using the GIS
Assignment tool. When starting with an empty inventory, add a network to the inventory,
then add branches to the network and add sections to the branches.

2-3.25 Linear Segmentation.

Linear segmentation is the process of linking the pavement inventory to the
corresponding facilities in the Real Property data structure. This linkage is created
between the branch and the facility using the Real Property Unique ID (RPUID) such
that a pavement network can have one or many facilities and a facility can have one or
many branches. The objective of creating this linkage is to be able to report pavement
management data in Real Property terms (facility) for use at the Service and Office of
Secretary of Defense (OSD) level. See UFC 3-270-08 for more detail.

2-3.3 Test Plan.

Using the mapping, inventory structure, and data gathered from previous reports and
other sources, develop a test plan that defines the types and estimated number of tests
required as outlined in paragraph 3-1 to accurately characterize the pavement structure
of each section in the inventory. This historical data provides an indication of the
uniformity of the pavement structure for each section. It is used to identify gaps in the
data or the need to validate the historical data with testing. Note that even data captured
twenty, thirty, or more years ago remains valuable. Once a soil reaches an equilibrium
moisture content, strength and thickness may not change significantly over time. Where
moisture varies seasonally or frost issues exist, address these seasonal variations with
appropriate testing described in Chapter 8 and Appendix A. When performing testing
such as coring or using a dynamic cone penetrometer (DCP), develop a map with the
approximate locations of these tests. The map is helpful to communicate the test plan to
the installation engineers and airfield management. Depending on the Service,
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installation, and type of testing, a work clearance request may be required before the
start of field work.

2-3.4 Perform Field Testing.

Conduct field testing based on the test plan to determine the pavement characteristics
and structure of each section in the inventory, using one or a combination of the
procedures below. Note that additional testing is often required to supplement the test
plan when test results deviate from previous evaluation, design, or construction data.
When no previous evaluation or construction data are available and there is significant
variability in the test plan testing results, conduct additional tests as required. Finally,
access time on the airfield may limit the number of tests that can be performed. In these
cases, prioritize the tests. Details on the procedures below are included in Chapter 3.

2-3.41 PCI Inspection.

Conduct a PCI survey to determine the PCI for each section or validate the results from
a previous inspection.

2-3.4.2 Coring or Test Pits.

Coring is used to determine the pavement thickness, get asphalt or concrete samples,
and provide access for DCP testing and collecting soil samples. Test pits are rarely
used due to operational restrictions but provide the capability to collect more samples
and do more robust material testing.

2-343 Dynamic Cone Penetrometer (DCP).

Use the DCP or automated DCP (ADCP) to determine soil strengths and layer
thickness.

2-3.4.4 Falling Weight Deflectometer (FWD).

Provides deflection data used to backcalculate the moduli for the layered elastic
analysis procedure.

2-345 Ground-Penetrating Radar (GPR).

Use GPR to determine pavement layer thicknesses for each material type and the
presence of anomalies in a structure.

2-3.4.6 Portable Seismic Pavement Analyzer (PSPA).

Uses wave propagation and elastic theory to determine structural properties for the
layered elastic analysis procedure.

2-3.4.7 MIRA Ultrasonic Tomography.

Used to estimate the average thickness of the section.
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2-3.5 Perform Laboratory Testing.

Perform laboratory testing on asphalt, concrete, and soil samples taken during field
work. This step in the process is used less frequently than in the past, but when
performed, is typically done after the initial field work data compilation, modeling, and
analysis. It is used to validate the initial results and improve the level of detail and
overall quality of the report.

2-3.6 Compile Evaluation Data.

Select representative layer thickness, strength, and material types for the pavement
surface, base course, subbase course, and subgrade of each section from available
data and summarize the data in the physical property data (PPD) or construction history
table of the report. These layer structures are used in the modeling and analysis
process, so it is important to document any assumptions or limitations made in
compiling the data. For example, if limited time did not permit additional testing or when
data was taken from a previous report.

2-3.7 Modeling and Analysis.

There are two approaches to pavement modeling and analysis based on the
performance models described in paragraph 2-2.2. The first is commonly known as
airfield pavement evaluation (APE) analysis and the second is layered elastic analysis.
Either or both models may be used, depending on the situation. While all of these
procedures use different models to compute stresses, they all compute allowable
passes, allowable load, the pavement classification number (PCN), and overlay
requirements when required for each analyzed section.

2-3.71 APE Analysis.

APE analysis uses the CBR-Alpha-Beta Hybrid model for flexible pavement, the
Westergaard model for rigid pavements, and the CBR-Alpha model for unpaved and
mat airfields. These models are implemented in the PCASE APE module, which is
typically used for contingency evaluations at forward operating locations or when
layered elastic analysis does not yield reasonable results (e.g., on low strength
pavements). APE inputs include the layer structure, thickness, and strength (CBR or k).
Layers may be combined in some complex structures to facilitate analysis (e.g., a multi-
layer composite pavement).

2-3.7.2 Layered Elastic Analysis.

Layered elastic analysis uses the YULEA model for both flexible and rigid pavement
analysis. Layered Elastic analysis is implemented in the PCASE Layered Elastic
Evaluation Program (LEEP). Layered elastic analysis is more commonly used to
evaluate main operating installations but is also used at forward operating locations with
an enduring mission. LEEP inputs include the layer structure, thickness, and properties
(E and v). Similar layers are typically combined to simplify the structure being analyzed
(e.g., combine the subbase and subgrade when they have similar material properties).
Once the layer structure is defined, select FWD deflection (basin) data that define the
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pavement’s response to loading and use it to determine the pavement layer moduli by
matching the deflection basin with an elastic layer model. This process is known as
backcalculation. Finally, select a representative model from the backcalculation
procedure for layered elastic analysis.

2-3.8 Report Generation.

Report format and content varies by Service and mission (e.g., the report format and
content for a contingency evaluation is different than that for a main operating
installation). In general, a pavement evaluation report for a main operating installation
has the report elements listed below. Contingency evaluations focus on tabular
summaries of data collected in the field, PCl and structural analysis results, and any
limitations to the proposed mission. More detailed information on report content is
outlined in Chapter 10 of this UFC, UFC 3-270-08, and TSPWG M 3-260-03.02-19.

o Discuss construction changes that have occurred since the last evaluation

. Discuss changes in the installation mission regarding aircraft traffic mixes
and define the critical aircraft and required overlays for deficient sections

. Discuss field data collection efforts and provide a tabular summary of the
data structure for each section

. Tabular summary of PCI ratings

. Tabular summary of analysis results, including allowable aircraft loads,
allowable aircraft passes, and PCN ratings

o Color maps for the inventory, PCI, and structural condition (e.g., PCN or
Structural Index [ACN/PCN] ratios)

o Discuss structural capacity and functional condition deficiencies

o Recommend localized and global preventive maintenance and repair
(M&R) requirements

o Recommend major M&R requirements and alternatives to address
deficiencies
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CHAPTER 3 DATA COLLECTION
3-1 GENERAL.

Selecting representative physical characteristics for a pavement section requires a
thorough study of all existing information as well as field and, in some cases, laboratory
testing. Previous evaluations, and when available, design and construction control data,
provide a starting point for the evaluation test plan described in Chapter 2 that identifies
test requirements for the evaluation. These tests fall into two general categories:
nondestructive testing (NDT) and direct sampling.

3-1.1 Nondestructive Testing (NDT).

As the name implies, NDT does not require taking physical samples. This category
includes methods such as the falling weight deflectometer (FWD), ground penetrating
radar (GPR), and the MIRA ultrasonic tomography device.

3-1.2 Direct Sampling.

Direct sampling includes methods such as coring, DCP, split tensile, and soil
classification as well as methods conducted in test pits such as in-place CBR, plate
bearing, and soil density testing. More robust laboratory testing can be performed on
asphalt, concrete, and soil samples collected from test pits. This chapter outlines data
collection requirements and procedures. More detailed information on sampling and
testing methods are discussed in Appendix A.

3-1.3 Determining Testing Methods.

There are a several factors that dictate the testing methods for an evaluation, including
the purpose of the evaluation, logistics limitations, and site-specific testing limitations.

3-1.31 Purpose of the Evaluation.

Pavement evaluations fall into two general categories based on the nature of the
mission: permanent and contingency. Contingency evaluations are further categorized
as expedient or sustainment. A third general category is special purpose, in which the
evaluation is focused on a specific issue. All require the same basic procedures as
outlined in this chapter but differ in amount of data used in the evaluation and, in turn,
the reliability of the results and the level of detail in the report. The evaluation
classification is driven primarily by the purpose and time allotted for field work and
analysis.

o Permanent: Managing pavement maintenance and repair (M&R) and long-
term aircraft operations

J Contingency: Managing pavement and aircraft operations at forward
locations

o Expedient (100 passes or initial surge of mission aircraft)
o Sustainment (5,000 passes or throughout anticipated operation)
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o Special purpose: Address specific issues (e.g., void detection)
3-1.3.2 Logistics Limitations.

The ability to get test equipment to a site, time available for the evaluation, and access
to the pavements are all limiting factors that determine the approach to pavement
evaluation testing and analysis.

3-1.3.3 Site-Specific Testing Limitations.

The nature of the pavement or soils at the site can limit the reliability of the data. For
example, FWD testing can provide unreliable results in certain soil types or when there
is a high water table. DCP results can be unreliable in rocky soils. Research and
understand the limitations of each test method to determine its suitability for the
pavements or soils at each site. TSPWG 3-260-03.02-19, Airfield Pavement Evaluation
Standards and Procedures, provides alternative testing procedures when site conditions
limit the use of testing equipment.

3-2 MAPPING AND INVENTORY.

All testing described in this chapter is intended to determine representative physical
characteristics at the pavement inventory section level as shown in Figure 3-1. It
assumes that the mapping and inventory is established as outlined in paragraph 2-3.2,
with specific details outlined in UFC 3-270-08. Note that Figure 3-1 is typical for a
contingency evaluation. In an evaluation for a main installation, section IDs have a
leading zero before the number (e.g., AO1B and pavement thicknesses are typically
rounded to the quarter inch, e.g., 8.25 AC).
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Figure 3-1 Typical Airfield Section Map
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3-3 PAVEMENT SURFACE CONDITION INSPECTION.

T6C

Pavement thickness in inches and pavement type.

The Pavement Condition Index (PCI) is the standard measure of pavement surface
condition used by DoD. PCI data are collected using the procedures outlined in UFC 3-
260-16, which is the DoD equivalent of ASTM D5340, Standard Test Method for Airport
Pavement Condition Index Surveys, with additional DoD-specific requirements. The PCI
uses a scale from 0 to 100 to define the condition of the pavement as shown in Figure
3-2 and described in Table 3-1. Ideally a structural pavement evaluation includes a
project-level PCI inspection (aka a PCI survey) but the situation may dictate a network-
level inspection or even a cursory inspection, which is often the case in a contingency
environment. The determining factors on the level of inspection are the intended use of
the data and the time and manpower available.
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Figure 3-2 PCI Rating Scale

Standard/Simplified PCI Cursory PCI
Green - 86-100
Green 71-100
Bright Green Satisfactory | 71-85
Yellow Fair 56-70 Yellow 96-70
Rose Poor 41-55 41-55
Red 26-40 Red
0-40

Dark Red 11-25

Light Gray Failed 0-10

Table 3-1 PCI Rating Definitions

Rating Definition

86-100 GOOD: Pavement has minor or no distresses and will
require only routine maintenance.

SATISFACTORY: Pavement has scattered low-severity

71-85 distresses, which should require routine maintenance.

FAIR: Pavement has a combination of generally low- and
56-70 medium-severity distresses. Near-term maintenance and
repair needs should be routine to major.

POOR: Pavement has low-, medium-, and high-severity
distresses, which probably cause some operational

41-55 . )

problems. Near-term maintenance and repair needs should

range from routine to reconstruction.

VERY POOR: Pavement has predominantly medium- and

high-severity distresses causing considerable maintenance
2640 . . .
and operational problems. Near-term maintenance and repair
needs will be intensive in nature.

SERIOUS: Pavement has mainly high-severity distresses,

11-25 which cause operational restrictions; immediate repairs are
needed.
FAILED: Pavement deterioration has progressed to the point
0-10 that safe aircraft operations are no longer possible; complete

reconstruction is required.
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3-3.1 Project-Level PCI Inspection.

The project-level PCl is referred to as a standard PCI inspection in some contingency
pavement evaluation material and in Figure 3-2 above. The PAVER pavement
management application implements the inspection process outlined in UFC 3-260-16.
It requires inspecting sufficient samples to achieve a 95 percent confidence level.
Determine the samples to be inspected based on a systematic random sampling
process. The formula for determining the number of samples is in UFC 3-260-16 but
Table 3-2 provides a general idea of sampling requirements. Use the seven-tier PCI
scale shown in Figure 3-2 and Table 3-1 when reporting results. Use project-level
inspections when the data is used to develop project management plans for main
installations or to meet a specific requirement for a higher confidence level. PAVER
uses the same database structure as the Pavement-Transportation Computer Assisted
Structural Engineering (PCASE) application, so PCI inspection data are also accessible
in PCASE for use in structural analysis.

Table 3-2 Project-Level Sampling Requirements

1-10 ALL 50-55 22
11-13 10 56-61 23 1-7 ALL
14-15 11 62-70 24 8-11 7
16-17 12 71-79 25 12-15 8
18-19 13 80-91 26 16-19 9
20-22 14 92-105 27 20-24 10
23-24 15 106-122 28 25-32 11
25-27 16 123-145 29 33-44 12
28-31 17 146-175 30 45-64 13
32-35 18 176-217 31 65-104 |14
36-39 19 218-280 32 105-150 | 15
40-43 20 281-330 33 =151 10%
44-49 21 >= 331 10%

3-3.2 Network-Level PCI Inspection.

The network-level PCl is referred to as a simplified or contingency pavement condition
survey in some contingency pavement evaluation references. It is also conducted in
accordance with UFC 3-260-16 but requires a lower sample rate than a project-level
PCI, as shown in Table 3-3. Another difference between the project and network-level
PCl is that the network-level PCI requires representative rather than random samples.
The inspector must determine the typical distress types in the section and inspect
samples that are typical of the entire section. Place emphasis on structural or foreign
object damage (FOD) -related distresses. Use the seven-tier PCIl scale shown in Figure
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3-2 and Table 3-1 when reporting results. The network-level inspection is typically used
for contingency evaluations at forward or en-route operating locations but may also be
used at sites such as auxiliary fields when there is not a specific requirement for a
higher confidence level.

Table 3-3 Network-Level PClI Sampling Requirements

Section Size Sample Units
(Total Samples) to Survey
1t05 1
6to 10 2
11to 15 3
16 to 40 4
Greater than 40 10%
3-3.3 Cursory Pavement Condition Inspection.

In a cursory pavement condition inspection, the number of inspected sample units may
be less than the minimum requirements for a network-level inspection. Use the same
process outlined in UFC 3-260-16 when time permits or, when time is limited, conduct a
visual assessment noting the primary distresses with a focus on distresses that cause
limitations or mission impacts to aircraft. Mission-critical PCI values typically occur when
the value is less than 40 or 25. In either case, report the results of a cursory survey as a
qualitative assessment of the pavement surface condition using the Cursory three-color
scale in Figure 3-2. When a cursory condition survey is conducted using the simplified
evaluation procedures, the evaluation is considered "expedient" and valid for limited or
immediate use only. Cursory inspections are typically used in contingency pavement
evaluations.

3-3.4 Using PCI Inspection Results.

The PCI of a pavement plays a critical role in determining localized and global
preventive as well as major M&R requirements in pavement management plans. It is
also used in all the structural evaluation pavement analysis procedures.

3-3.41 PCIl Use in Pavement Management.

The PCl is used to determine the rate of deterioration of the surface condition and
predict the future condition of the pavement. The predicted PCl is used to plan
appropriate cost-effective M&R actions. When a pavement deteriorates to a condition
where it is no longer cost-effective to do localized or global M&R (known as the critical
PCI), major M&R is triggered to address issues before the pavement deteriorates to the
point that reconstruction is required (see Figure 3-3). While each Service establishes
PCI levels that trigger major M&R and reconstruction based on their respective
missions, the general principles remain the same: invest in localized and global M&R to
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extend the service life of GOOD pavement and invest in major M&R at the appropriate
time to delay the need for reconstruction.

Figure 3-3 Typical Pavement Life Cycle (APWA,1983)
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3-3.4.2 PCIl Use in Pavement Structural Analysis.

The pavement condition can adversely affect aircraft operations because some
distresses generate foreign object debris (FOD) that poses a risk to aircraft operations.
It can also help identify potential structural problems (e.g., structural distresses that
indicate the pavement is overloaded or at the end of its service life). When the PCl is 40
or lower, reported allowable gross loads (AGL) are reduced by 25 percent. In addition,
the PCl is used to compute the structural condition index (SCI). The SCl is like the PCI
but only considers the load-related distresses. The SCI is used as the failure criteria for
rigid pavement when doing layered elastic analysis and used to determine the condition
factors Cb and Cr that determine the equivalent thickness of existing overlays on rigid
pavements or new overlay requirements when an existing pavement is not capable of
supporting the evaluation traffic.

3-3.5 Additional Contingency Evaluation Considerations.

The amount of time available to conduct PCI surveys impacts the number of sample
units inspected. The evaluator's most important task is to accurately identify the correct
distress type and severity level as described in UFC 3-260-16. Acceptable errors in
distress quantity will have less of an impact on the PCI value and FOD risk to mission
aircraft. Typically, medium- and high-severity distresses create the highest FOD
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potential that may cause operational limitations or impacts to the mission aircraft. While
the PCI value may provide an indirect measure of subsurface deficiencies, it is
important to consider both the surface condition (e.g., PCI) from a function perspective
and structural evaluation results. A pavement surface may rate GOOD (PCI 71 to 100)
but have underlying pavement or soil conditions that could result in pavement failure
under repeated aircraft operations. On the other hand, a pavement may be structurally
sound, but the surface condition may be hazardous for aircraft traffic (e.g., FOD).

3-4 NONDESTRUCTIVE PAVEMENT TESTING.

Paragraph 3-1.1 describes three nondestructive pavement testing techniques currently
in use, the FWD, GPR, and the MIRA device. Each is used to determine different
pavement characteristics are used in conjunction with each other or in conjunction with
direct sampling testing.

3-4.1 Falling Weight Deflectometer (FWD).

The falling or heavy-weight deflectometer (FWD/HWD) is an impulse loading device that
measures the response of a pavement system to a falling dynamic load that simulates a
moving vehicle or aircraft wheel. FWD is the generic term for the device, with the HWD
capable of applying a heavier load than other FWDs, but the terms are used
synonymously. The heavier load of the HWD is preferred on thick AC and PCC airfield
pavement structures. The objective is to apply the maximum load possible to simulate
aircraft loading without overloading the FWD sensors. ASTM D4694, Standard Test
Method for Deflections with a Falling-Weight-Type Impulse Load Device, provides
detailed guidance on the FWD and HWD test procedures.

3-4.11 FWD Description.

The load on the pavement (impulse force) from an FWD is created by dropping weights
from different heights onto a rubber or spring buffer system. The standard loading plates
used to transmit the applied force to the pavement are either 12 inches (300 millimeters)
or 18 inches (450 millimeters) in diameter, with the 12-inch plate being most commonly
used for AC or PCC pavement surfaces while the 18-inch load plate used for unbound
aggregate layers and stabilized subgrades. The drop height is varied to produce an
impact force up to 56,000 pounds (25,401 kilograms), depending on the HWD. Other
FWD models are limited to lower loads more typical of road traffic.

3-4.1.2 Measuring Pavement Response.

The FWDs currently in use by DoD use geophones, which are velocity transducers that
convert ground movement (velocity) into voltage to measure the pavement response to
the applied load. The load is measured by a load cell integral to the FWD load system
and the pavement response is captured by the pavement deflection which is obtained
by integrating the surface velocity measured by the velocity transducers. Other systems
use seismometers but both are typically referred to as sensors. Seven sensors are
preferred, with a sensor located at the center of the load plate and the remaining
sensors at 12-inch (300-millimeter) intervals, with the outermost sensor (farthest from
the falling weight load application) at 72 inches (1829 millimeters). There may be
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instances when fewer sensors are used but in no case should the outermost sensor be
less than 48 inches (1219 millimeters) from the load.

3-4.1.3 Test Location and Density.

The time required to measure the deflection basin at each testing location is short (one
to two minutes), allowing for many tests in a short period of time. Conduct FWD testing
at 100-foot (30-meter) intervals on runways and taxiways. Alternate tests on either side
of the centerline at an offset that is within the main gear wheel paths of aircraft that
frequently use the airfield or are based at the site. The centerline offset is usually 10 to
12 feet (3 to 4 meters) for flexible pavements. Adjust this offset distance for rigid
pavements as required to accommodate joint layouts and PCC slab size. Conduct FWD
tests on apron areas in a grid pattern at 100- to 200-feet (30- to 61-meter) spacing. As
seen in Figure 3-4, the procedure outlined above establishes longitudinal profiles along
the runways, taxiways, and aprons to produce a test density that gives a comprehensive
assessment of subgrade, base, and pavement structural condition. The uniformity of
results will dictate whether test spacing can be increased or whether additional tests
should be conducted when there are large variations in pavement response. When
failed areas or areas of excessive pavement distress are encountered, locate enough
FWD and other tests in the failed or distressed areas to determine the cause of the
failure or distress. Conduct a minimum of five FWD tests on all pavement sections.

Figure 3-4 FWD Test Locations
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3-41.4 Performing the FWD Test.

Position the FWD equipment at each test location and initiate the test sequence through
the FWD application provided with the system. Test sequences require a minimum of
three drops (loads) and use of the same drop heights (e.g., 2-4-4) throughout a given
section. The first loading is at a lower drop height and is considered a seating load and
results are not typically used in backcalculation. The second and third loadings are set
to maximize the magnitude of the loading without exceeding the geophone limitations.
They should produce similar results and are used for the analysis. If inconsistencies are
observed in either of these test sequences (e.g., high errors or inconsistent basin
shape), select the better of the two drop sequences for analysis. The load is applied for
each drop in the sequence, the resulting surface deflections are determined at each
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geophone location, and the results are stored in a data file. There are several data file
formats, but a formatted text file with a .fwd or .hwd file extension is typically used by
DoD. Import the .fwd file (or other chosen format) into PCASE for analysis.

3-41.5 FWD Testing for Asphalt.

The modulus of bituminous concrete is temperature dependent. There are relationships
between the temperature and the modulus used in backcalculation and analysis as
described in Chapter 5. The relationship for backcalculation requires the mean
pavement temperature at the time of testing. This datum can be captured by measuring
the temperatures with thermometers installed 1 inch (25 millimeters) below the
pavement surface, 1 inch (25 millimeters) above the bottom of the AC layer, and at mid-
depth of the bituminous layer, but this procedure is seldom used. The standard
approach is to collect data on the average (mean) air temperature for the five-day
period prior to the day of testing and adding it to the measured pavement surface
temperature, which is captured by the FWD at the time of the test to determine the
mean pavement temperature using the relationship described in Chapter 5.

3-4.1.6 FWD Testing for Concrete.

Perform tests on rigid pavements near the center of the PCC slabs but at a minimum of
3 to 6 feet (1 to 2 meters) away from the joints and linear cracks that may exist within
the slab. When a slab width or length is less than 20 feet (6 meters), center the entire
sensor array on the slab, keeping the outer sensor at least 3 feet (1 meter) from the
joint.

3-41.7 FWD Testing for Joint Load Transfer.

Rigid airfield pavements are commonly designed to transfer at least 25 percent of the
load on a slab to adjacent slabs. FWD testing is used to verify that the load is being
transferred across the joint. Figure 3-5 shows the test configuration with the plate (and
sensor 1) on the loaded slab and the second sensor on the unloaded slab. The
deflection ratio of the unloaded slab to the loaded slab is the deflection ratio used to
determine the joint load reduction factor using the relationship shown in Figure 3-6 to
define joint transfer efficiency. If the joint load transfer is poor, the load-carrying capacity
of the PCC slabs is reduced, with a corresponding decrease in the pavement service
life.

Joint testing policy varies. In some cases, joint testing is always done and in other
cases it is only done when there are indications that there is poor load transfer such as
longitudinal cracking in the wheel path on multiple slabs in a section. In either case,
determine the number of center slab tests, take 20 percent of that number and perform
joint tests on that number of slabs. Joint load transfer is temperature dependent; testing
in the morning can yield different results in the afternoon as slabs heat up and expand.
While not always feasible, it is best to perform NDT work in the spring or fall to avoid
high temperatures in the summer and cold temperatures in the winter that may not
represent typical load-transfer for a pavement system. If NDT work must be performed
in the summer, consider early-morning testing when temperatures are typically cooler
than in the afternoon. This is especially relevant if joint load transfer exists primarily
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from aggregate interlock because no dowel bars exist in the jointed PCC pavement.
Reference point tests can establish a relationship between air temperature and the
deflection ratio from NDT such that adjustments are made to test results collected over
a wide range of temperatures. Select a reference slab within each section to be tested
on a given day. Conduct joint tests on each reference slab at one- to two-hour intervals

throughout the testing period, or at closer intervals if the testing period is less than four
hours on a given section.

Figure 3-5 NDT Configuration for Determining PCC Joint Load Transfer

LOADING PLATE — 152mm (6 inches)

|, —— 76 mm (3 inches)

N

/‘ VELOCITY TRANSDUCER

VELOCITY \

TRANSDUCER

21



UFC 3-260-03
21 August 2023

Figure 3-6 Joint Load Reduction Factor
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3-4.2 Ground Penetrating Radar (GPR).

The primary benefit of GPR is that it can collect large amounts of detailed data in a
short time. Use GPR to determine pavement layer thicknesses for each material type
and the presence of anomalies in a structure. There are air-coupled and ground-
coupled GPR variants that use electromagnetic radiation, usually in the range of 10
MHz to 2.6 GHz. Higher frequencies do not penetrate as far as lower frequency
antennae but may provide better resolution. A GPR transmitter emits electromagnetic
energy into the structure. When the energy encounters a buried object or a boundary
between materials having different permittivity, it is reflected, refracted, or scattered
back to the surface. The receiving antenna records the variations in the return signal.

GPR is sensitive to specific site conditions. The material types encountered will dictate
the ability of the GPR to evaluate the layered structure. Dry, sandy soils or materials
such as granite or limestone tend to be resistive rather than conductive and can
penetrate up to 49 feet (15 meters). Moist or clay-laden soils and materials with high
electrical conductivity can limit penetration to as little as a few inches. Materials with
similar dielectric constants will limit the ability to discern layer changes. Before testing,
calibrate the GPR system (see Figure 3-7) at each site using cores and a steel plate.
Take measurements along FWD testing paths on each side of the centerline for
taxiways and runways and along the FWD testing path on aprons. The data collection
system records the voltage and time history of the signal and GPS location and camera
images for use in post-processing. Post-process the data to determine layer thickness
by comparing voltage peaks (amplitude) and the time between peaks to estimate the
layer thickness and use these data to determine the average layer thicknesses for each
section. Use the procedure outlined in Appendix B for void detection.
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Figure 3-7 Air Coupled GPR

3-4.3 MIRA Ultrasonic Tomography.

The MIRA ultrasonic tomography device is used to determine concrete pavement
thickness. The standard procedure is to take measurements near each FWD test
location with the objective of achieving a 95 percent confidence level that the average
value reported for each section is within 0.5 inch (13 millimeters) of the true value.
Round the computed average value to the nearest 0.25 inch. While coring has the
benefit of providing a sample that can be measured and tested for flexural strength, the
MIRA can test more locations to determine an average thickness without the need to
repair core holes. Figure 3-8 shows a MIRA device being used for testing.
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Figure 3-8 MIRA Ultrasonic Tomography

3-5 DIRECT SAMPLING.
3-5.1 Pavement Coring and Drilling.

Pavement coring or drilling is used to collect pavement and soil samples, verify the
pavement thickness, and provide access to the subsurface layers for DCP testing.

3-5.1.1 Coring or Drilling Locations.

When there were previous evaluations at a site, select locations that were not
previously tested and use the data from both the previous and new evaluation to define
the representative pavement structure. For rigid pavements, core in the center of the
slabs to avoid thickened edges. Recording new location GPS coordinates can assist in
preparing GIS maps. For contracted coring or drilling work, obtain GPS data for each
location if the airfield owner allows GPS data collection. When coring or drilling is done
in conjunction with FWD testing, use the FWD data to identify locations for additional
testing where there are anomalies or changes in strength. The size and uniformity of the
section dictates the number of tests required but test at least three locations for any new
pavement not previously tested. Perform tests in the aircraft wheel paths on alternating
sides of the centerline and in any weak areas. Conduct additional tests to verify the
boundaries of these areas. When test time is limited, prioritize runway and taxiway
tests. Figure 3-9 shows a typical test plan for coring or drilling.
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Figure 3-9 Typical Coring/Drilling Test Plan
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3-5.1.2 Pavement Coring.

Figure 3-10 shows a typical coring operation. The core drill uses 4- to 8-inch (102- to
203-millimeter) -diameter, diamond-tipped coring barrels (6-inch [152-millimeter] is the
norm) to cut through asphalt or concrete pavements. This type of pavement coring
system can cut through pavements to depths greater than 36 inches (914 millimeters)
using a technique known as double dipping to remove the core in sections. Measure the
cores to the nearest 0.25 inch and inspect them in the field for evidence of defects such
as alkali-silica reaction (ASR).

Figure 3-10 Typical Coring Operation
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3-5.1.3 Pavement Drilling.

Impact or rock drills are commonly used for contingency pavement evaluations because
they have a smaller logistics footprint. Drill 1- to 1.25-inch (25- to 32-millimeter)
-diameter holes through bound materials or any layers impenetrable by a DCP.
Pavement thickness is measured to the nearest 0.25 inch in the drill hole.

3-5.2 Dynamic Cone Penetrometer (DCP).

The DCP is a device used to determine the thickness and strength of the soil layers in a
pavement structure. There are manual, semi-automated, and automated DCP variants
but all apply the same principles to measure the depth of penetration for a known
applied load to determine a DCP index (in. or mm / blow). The DCP index is empirically
correlated to CBR, k, or modulus.

3-5.21 DCP Description.

The four main components of the DCP are the 0.79-inch (20-millimeter) -diameter 60-
degree cone, the rod, the anvil, and the 17.6-pound (7.98-kilogram) hammer, as
described in ASTM D6951, Standard Test Method for Use of the Dynamic Cone
Penetrometer in Shallow Pavement Applications. The cone is driven into the ground by
raising and dropping a hammer 22.6 inches (575 millimeters) against the anvil. The
manual hand-held version shown in Figure 3-11 is portable, requires the hammer be
lifted manually, and the depth of penetration measurements be taken manually using an
incremented measuring stick. The correct number and length of extensions in the field
must account for the thickness of all bound layers or materials that cannot be
penetrated by the DCP. The semi-automated version requires lifting the hammer
manually but the depth of penetration is measured automatically using a magnetic rule,
string potentiometer, or similar device, and the blow count and depth of penetration are
saved in a data file.

The automated DCP (ADCP) has a mechanism for lifting the hammer to the prescribed
height and releasing it, then recording the blow count and depth of penetration, which
are saved in a data file. Figure 3-12 shows an example of a system that has both a core
drill and an ADCP.
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Figure 3-11 Schematic of DCP
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3-5.2.2 DCP Test Procedure.

A 1-inch (25-millimeter) or 6-inch (152-millimeter) -diameter hole is drilled or cored
through the pavement until the top of the base or subgrade is encountered. The rod with
the cone attached is placed in the hole until it is in contact with the soil, then the
hammer is raised and dropped and the depth of penetration recorded. The standard test
is designed to penetrate soils to a depth of 48 inches (1219 millimeters) from the top of
the pavement, although extension kits can go deeper, with a maximum recommended
depth of 6.5 feet (2 meters). Testing is normally done to 36 inches (914 millimeters) in
contingency evaluations. Once the DCP test is completed, the DCP is removed from the
hole and soil samples for lab testing can be taken using a hand auger. Detailed test
procedures and correlations for using the DCP and ADCP are provided in TM 3-34.48-
2, Theater of Operations: Roads, Airfields, and Heliports - Airfield and Heliport Design.

3-5.3 Test Pits.

Test pits are seldom used for evaluations due to the number of tests required to
characterize an entire airfield and the time it takes to open the pit and conduct testing,
both of which typically have a significant impact on the mission. They are used more
frequently for geotechnical work associated with a project or when doing forensic
analysis to determine the cause of a pavement failure. Test pits provide greater
opportunity to collect more pavement samples and larger soil samples for testing. An
alternative to test pits is a minimum of three core holes up to 8 inches (203 millimeters)
in diameter to permit in-place small aperture CBR tests and obtain samples for
laboratory tests. The size of the test pits and some test procedures vary between
flexible and rigid pavements. Following are descriptions for both pavement types.

3-5.3.1 Test Pits for Flexible Pavements.

Test pits for flexible pavements are approximately 4 feet (1 meter) wide by 5 feet (1.5
meters) long. Whether doing a full test pit or core holes for small aperture CBR testing,
record the general condition of the pavement and a visual classification of materials
from each test pit or core hole. Take several measurements around the perimeter of the
test pit or core hole to determine the representative pavement thickness to the nearest
0.25 inch. For each test pit, perform CBR and field density tests on the base and collect
disturbed and undisturbed soil samples of the base material for laboratory testing.
Remove the remaining base material and measure the thickness of the base at several
locations around the perimeter to determine the representative base thickness to the
nearest 1 inch. Repeat this process for each subbase and the subgrade. Describe each
soil course, noting color, in situ conditions, texture, and a visual classification. Sampling
procedures, test descriptions, and testing references are included in Appendix A.

3-5.3.2 Test Pits for Rigid Pavements.

Test pits for rigid pavements are a minimum of 4 feet by 5 feet (1 meter by 1.5 meters),
although the size of the test pits for rigid pavements depends, in part, on the thickness
of the pavement because the length of the beams for flexural strength tests cut from the
slab must be at least three times the pavement thickness, except when 6-inch by 6-inch
(152-millimeter by 152-millimeter) beams are cut from the top and bottom of the slab for
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a three-point beam test. Record the general condition of the pavement and a visual
classification of materials from each test pit. Take several measurements around the
perimeter of the test pit to determine the representative pavement thickness to the
nearest 0.25 inch. For each test pit, perform a plate bearing test, field density tests and,
in some cases, CBR testing on the base. Collect disturbed and undisturbed soil
samples of the base material for laboratory testing. Remove the remaining base
material and measure the thickness of the base at several locations around the
perimeter to determine the representative base thickness to the nearest 1 inch. Repeat
this process (without the plate bearing test) for each subbase and the subgrade.
Describe each soil course, noting color, in situ conditions, texture, and a visual
classification. Sampling procedures, test descriptions, and testing references are
included in Appendix A.
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CHAPTER 4 TRAFFIC
4-1 TRAFFIC DEFINITION.

A fundamental component of pavement evaluation is the traffic concept. Traffic is the
mix of different aircraft types, loads, and number of passes used for the evaluation
analysis. This group of aircraft defines the anticipated applied stress and number of
stress repetitions the pavement will experience. Traffic is applied in the analysis
procedures in different ways, depending on the Service and mission. Following is a
summary of traffic terms and concepts and the various ways traffic is defined in an
evaluation.

4-1.1 Traffic Pattern.

Traffic pattern is a term used to describe one or more aircraft or ground vehicles, with
the weight and number of passes defined for each. The term traffic pattern is often used
interchangeably with traffic mix and aircraft group when the loads and passes are
defined for the aircraft in the group.

4-1.2 Traffic Mix.

Traffic mix is a term used to describe one or more aircraft or ground vehicles with the
weight and number of passes defined for each. The term traffic mix is often used
interchangeably with traffic pattern and for aircraft group when the loads and passes are
defined for the aircraft in the group.

4-1.3 Aircraft Group.

An aircraft group is a collection of one or more aircraft organized by a specific criterion
(e.g., pavement effect, gear type, or mission). When the load and passes are defined for
each aircraft in the group, the term is synonymous with the term traffic pattern or traffic
mix.

41.4 Representative Aircraft.

An aircraft in an aircraft group that is representative of the group based on a specified
criterion such as gear configuration, weight, or a combination of these that defines the
effect on the pavement for that group.

4-1.5 Controlling Aircraft.

The controlling aircraft is used in a mixed traffic analysis. In design, it is the aircraft in
the traffic mix that requires the greatest pavement thickness. In evaluation, it is the
aircraft with the fewest allowable passes.

4-2 AIRCRAFT PASSES.

Passes are defined as the number of aircraft movements across an imaginary
transverse line placed within 500 feet (152 meters) of the end of the runway. Since
touch-and-go aircraft operations will not pass this line, they are not counted. For

31



UFC 3-260-03
21 August 2023

taxiways and aprons, passes are determined by the number of aircraft movements
across a line on the primary taxiway that connects the runway and the parking apron. At
single-runway airfields with a parallel taxiway, the pass levels for the runway, taxiway,
and apron could be the same, but passes can vary based on the airfield configuration
as shown in Figures 4-1 through 4-4.

Figure 4-1 Takeoff and Land in Same Direction with No Back Taxiing

Area Subject to Full Loading during Landing @

/

Runway with Parallel Taxiway
(with no change in wind direction)

One mission or traffic cycle = 1 pass

Figure 4-2 Takeoff and Land in Opposite Directions with No Back Taxiing

Area Subject to Full Loading during Landing @

Runway with Parallel Taxiway
(with change in wind direction)

One mission or traffic cycle = 2 passes
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Figure 4-3 Takeoff and Land in Same Direction with Back-Taxiing

Area Subject to Full Loading during Landing@

Area Subject to Full Loading

Area Subject to Full Loading during Takeoff

during Taxi @

Runway with Central Taxiway
(with no change in wind direction)

One mission or traffic cycle = 2 passes

Figure 4-4 Takeoff and Land in Opposite Directions with Back-Taxiing

Area Subject to Full Loading during Takeoff@
Area Subject to Full Loading during Landing @

Area Subject to 2nd Full Loading

during Taxi @ @

Runway with Central Taxiway
(with change in wind direction)

One mission or traffic cycle = 4 passes

4-3 AIRCRAFT COVERAGES.

Passes are converted to coverages for analysis. Coverage is a term used to define the
number of maximum stress repetitions that occur in a pavement due to aircraft
operations. For flexible pavement, a coverage occurs when every point on the
pavement surface within the traffic lane has been subjected to one application of
maximum stress by operating aircraft. For rigid pavement, a coverage occurs when
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each point in the pavement within the limits of the traffic lane has been subjected to a
maximum stress by operating aircraft. Maximum stress is the stress induced in the
pavement by the aircraft wheels when the aircraft is operating at its maximum gross
weight. An important point is that the surface criteria (AC and PCC) are based on
coverages to failure, while the subgrade criteria are based on repetitions to failure. The
lateral distribution of traffic has a greater effect on the number of maximum stress
applications that occur at a point near the surface than for a point deep within the
pavement structure (ERDC Miscellaneous Paper S-73-56, Lateral Distribution of Aircraft
Traffic). A coverage is a function of gear configuration and tire width as well as the
traffic area, so the pass/coverage (P/C) ratio varies for each aircraft and for each traffic
area. The Pavement-Transportation Computer Assisted Structural Engineering
(PCASE) application implements the P/C ratio concept for rigid and flexible pavement
design and evaluation. These ratios are shown in TSPWG M 3-260-03.02-19.

4-4 TRAFFIC AREA.

The traffic area defines the wander width and load condition on specific portions of the
airfield.

4-41 Wander Width.

Wander width is defined by whether aircraft traffic is close to the centerline of the
runway or taxiway or whether they tend to deviate from the centerline. The first scenario
is known as channelized traffic and is used when 75 percent of traffic occurs within £35
inches (889 millimeters) from the center line for a runway or taxiway (a 70-inch [1778-
millimeter] wander width). The second scenario is known as unchannelized traffic, which
is used when 75 percent of traffic occurs within £70 inches (1778 millimeters) from the
centerline of a runway, taxiway, or apron (a 140-inch [3556-millimeter] wander width).
The pass-to-coverage ratio for a given aircraft is lower for channelized traffic than for
unchannelized traffic.

4-4.2 Load Condition.

An aircraft is typically fully loaded as it moves from the apron onto the taxiway and to
the runway end. As the aircraft takes off, the wings provide lift and the interior portion of
the runway is not typically experiencing the full aircraft weight. As an aircraft lands, the
wings are still providing lift until the aircraft comes to taxi speed at the end of the
runway, onto the taxiway and then to the apron. When the airfield configuration requires
back-taxiing, as seen in Figures 4-3 and 4-4, the pavement will experience the full
weight of the aircraft.

4-4.3 Traffic Area Designations.

Table 4-1 summarizes the wander width and load condition of the different traffic areas.
Details are available in UFC 3-260-02, Pavement Design for Airfields.
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Table 4-1 Traffic Area Summary

Traffic Area | Load Condition Distribution Usage

A Full weight Channelized Rupway ends and primary
taxiways

B Full weight Unchannelized Aprons

C 75% weight Unchannelized Runway interiors and

secondary taxiways

D 75% weight Uonchannellzed and Overruns
1% of passes

4-5 STANDARD VERSUS MISSION AIRCRAFT TRAFFIC.

There are three approaches to defining the traffic mix used in an evaluation: standard
aircraft traffic groups, mission aircraft traffic groups, and representative/mission aircraft
groups. One or more of these approaches may be used for any given evaluation,
depending on the Service and mission.

4-51 Standard Aircraft Groups.

In this approach, the Service defines a standard mix of aircraft types, weights, and
passes for a standard aircraft traffic group based on its mission and operations. They
are used for both design and evaluation, although these groups are different for each.
Standard groups are used in design when the Service wants to address future
uncertainty. For example, it is often difficult to predict future mission changes, aircraft
loads and passes, and potential maintenance and repair (M&R) funding constraints over
the design life of the pavement. Using a standard aircraft group reduces this risk. The
same concept applies to evaluation and has the benefit of better evaluation results
comparison between installations. Standard groups may be supplemented with specific
aircraft for use in an area of operations or specific mission and often include the same
aircraft at different loads.

4-51.1 Standard Aircraft Group by Aircraft Effect and Pass Level.

The standard 14-aircraft group in Table 4-2 has aircraft with a similar load effect on the
pavement grouped together. This load effect is termed an index and each group has a
designated controlling aircraft based on its gear configuration and load. Note that a
given group can have more than one gear configuration as shown in Table 4-3. Each
group has a minimum weight based on the unloaded weight of the lightest aircraft in the
group and a maximum weight based on the fully loaded weight of the heaviest aircraft in
the group. This standard aircraft group is used in an individual analysis procedure
described in paragraph 4-6. Each of the 14 groups is analyzed at each pass intensity
level. The primary benefit of this approach is that it can be used to consider the impact
of a wide array of aircraft at different pass intensity levels and can be used to compare
the capability of different installations for specific aircraft groups.
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Table 4-2 14-Aircraft Group Index Table

Aircraft Group Index
Group 1 2 3 4 5 6 7 8 g 10 | 11 12 13 | 14
c-12 A-10 CV-580% | C-130% | C-207 | B-717* | A-319 A-300 A-330 C-17% | C-5* | A-340 A-380 B-52*
C-21 AT-38 MH-53 C-27) | C-37 | C-o A-320 A-310 B-1 IL-76 A-350 AN-124
C-23 F-15* Mv-22 C-295 DC-9 A-321 B-2A B-767 B-777 B-747
= C-38A F-16 Cv-22 CMN-235 T-43 B-727 B-707 B-787 DC-10-30| B-747-8
@ C-41A F-22 B-737 B-720 DC-10-10 DC-10-40| E-4
g HH-&0 F-35 c-22 B-757 KC-46A KC-10 VC-25
<L RC-26 F-117 C-40 C-324% | L1011 MD-11% B-747
- RQ-4-Bk 10 | RO-4-Bk 20+ MD-81 DC-8 MD-10 -400*
% T-1* T-38 MD-82 E-3 B-767
-0 T-6 MD-83 E-8C -400ER
2 T-TA MD-87 KC-135
- T-37 WMD-90 RC-135
UH-TH p-3* VC-137
P-8A
MNote: * Denotes Controlling Landing Gear Configuration in Group
Pass Intensity Levels (in Passes)
Level 1 12 [ 3 4 |5 [ 6 [ 7 18 ] 9 [ 10 1 127113 14
| 300,000 50,000 15,000
I 50,000 15,000 3,000
i 15,000 3,000 500
v 3,000 500 100
Gross Weight Ranges for Aircraft Groups (in KIPs)
Group 1 2 3 4 5 6 7 8 9 10 11 12 | 13 14
Lowest
Gross Weight | 4 8 23 | 22 | 39 | 49 55 | 110 | 177 | 178 | 374 | 240 | 342 | 230
Highest
Gross Weight | 27 | 84 61 | 175 | 91 | 121 | 210 | 376 | 507 | 585 | 840 | 775 |1,301| 488
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Aircraft Group Index: Gear Types
Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14
A A D E D D D F F L K H J G
c-23 410 CV-580° |C-130% | C-20% | B-717* | A-318 | A-200 | A-320 C-17% | C-5* | A-340 B-747 |B-52*
C-41A AT-38 MH-53 |C-27] |C-37 | C-9 A320 | A310 | BA A-350 B-747-8
= HH-80 F-15* Mv-22 |C-295 DC-9 | A-321 B-2A B-767 IL-76 DC-10-30 | E-4
5 | F-16 Cv-22 |CN-235 T-43 | B-727 | B-T07 | B-T&7 DC-10-40 | ¥C-25
= | T8 F-22 B-737 | B-720 | DC-10-10 KC-10 B-T47
< | T7A F-35 c-22 B-757 | KC-46A MD-11* -400*
T |13 F117 C-40 c-324* | L-1011
o C RQ-4-Bk 20+ MD-81 | DC-8 | MD-10 B-777 A-380
2 | o2 T-38 MD-32 | E-3 B-767
£ | Ra-4-8k 10 MD-33 | E-8C -4D0ER* AN-124
D MD-87 | KC-135
-2 MD-90 | RC-135
C-38A p-3* VC-137
RC-26 P-2A
UH-1H (skid)
A ‘ E *I‘ L " B-777 4, IL-76 G
‘ " ’ ';‘ T Two T-:c_.\‘-is.' Tarcarn ki i -" caa -.“:-‘. “ _Il_ ‘ '.,
: ! S e ! Sommin o s s
- %"J‘ ) % 00 0 “__L__“ i 00 - 0
LA LN (R P NN,
cit |F &
oy B AN-124 A-380 )

Wl W T i
DA |[H ¥ 3 :3 o 00070000
T | TR AR - SR TR
TTRETR IR 1] - S+ S T TR TH T

4-5.1.2 Standard Aircraft Group for Contingency Evaluation.

Table 4-4 shows an example of a standard aircraft group with aircraft that might operate
at a forward operating location or en-route airfield. Each Service will have their own
pattern, dependent on the mission requirements. The primary objective of this approach
is to determine the allowable passes for each aircraft at the defined load. Note that the
C-17 at 585,000 pounds is evaluated for 50,000 passes. In this example standard
aircraft group, the C-17 is evaluated for 50,000 passes and the resulting allowable gross
load (AGL) is used to determine the PCN. This concept is further discussed in Chapter

9.
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Table 4-4 Contingency Evaluation Traffic Group

Aircraft Load (Ib) Passes
C-5 840,000 1,000
E-3A 325,000 1,000
F-15D 68,000 1,000
KC-10 590,000 1,000
KC-135R/T 322,500 1,000
MV-22 60,500 1,000
C-130J 135,000 1,000
C-130J 155,000 1,000
C-130J 175,000 1,000
C-17 450,000 1,000
C-17 500,000 1,000
C-17 585,000 50,000

Standard Aircraft Group by Gear Type.

Table 4-5 shows a standard aircraft group categorized by gear types, with a defined
representative aircraft for each group. This standard traffic group assumes the
maximum load for the aircraft in each group but differs from the previous groups in that
there are no predefined pass levels. This group is typically used in conjunction with the
mission aircraft group for a specific location using the procedure described in paragraph

4-5.3.
Table 4-5 Aircraft Gear Type Groups
Single Dual S G- Dual-Tandem | Triple Tandem
Tricycle Tricycle $a-ndem Tricycle Tricycle
ricycle
AV-8 C-9 C-130' E-6B c-17"
C-2 C-12 KC-135"
E-2 C-20
EA-6 C-26
EA-18 C-37
F-5 C-38
F-16 C-40
F-35B EP-3
F-35C’ H-3
FA-18 H-53
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Single Dual L Dual-Tandem | Triple Tandem
Tricycle Tricycle ¥a-ndem Tricycle Tricycle
ricycle
H-60 H-92
MQ-4C KC-10
MQ-25 P-3
NU-1 P-8'
T-6 V-22
T-34
T-38
T-44
U-6
UC-35
Note 1: Designated representative aircraft for each group.

4-5.2

Mission Aircraft Groups.

Mission aircraft groups are used for both design and evaluation and are based on the
anticipated aircraft traffic at the specific airfield over the design life of the pavement,
which is currently 20 years as defined in UFC 3-260-02. Note that different sections on
an airfield can have different mission aircraft groups depending on the aircraft that use
that specific section. It is not unusual to have two or more mission aircraft groups for
any given airfield as shown in the example from a specific airfield in Table 4-6. The
primary benefit of a mission aircraft group is that it gives a higher level of fidelity for
managing pavements at that specific location but does not serve as well as the standard
group when trying to compare evaluation results between installations. Mission aircraft

groups are typically used with a mixed traffic analysis.
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Gross 20-year 20-Year 20-Year
Aircraft Weight Projected Equivalent | Equivalent
(Ib) Aircraft Passes | PCC Passes | AC Passes
Fixed-Wing Pavements
C-9A 108,000 | 600 49 1
C-12J 16,600 | 1,100 1 1
C-130H 155,000 | 10,000 42 52
C-17A 585,000 | 6,300 6,300 6,300
C-23 24,600 | 800 1 1
C-26 16,500 | 340 1 1
Equivalent C-17 Passes at 585,000 Ib 9,436 6,356
Rotary-Wing Pavements
UH-60 16,300 | 6,700 283 3,954
AH-64 18,000 | 4,720 160 1,929
CH-47 50,000 |4,820 4,820 4,820
MH-60 16,300 | 1,340 57 791
Equivalent CH-47 Passes at 50,000 Ib 5,321 11,494
Fixed-Wing and Rotary-Wing Pavements
CH-47 50,000 | 9,600 1 1
C-17 585,000 | 2,000 2,000 2,000
AH-64 18,000 | 19,000 1 1
C-130H 155,000 | 800 5 9
Equivalent C-17 Passes at 585,000 Ib 2,475 2,011

4-5.3

Mission/Representative Aircraft Group.

The goal of this traffic approach is to determine the equivalent passes of the mission
aircraft group in terms of each of the five representative aircraft gear-type groups listed
in Table 4-5. The first step in achieving this goal is defining the aircraft and pass levels
in the mission aircraft group for the specific location using the procedure in paragraph 4-
5.2, then append this traffic mix with each representative aircraft from Table 4-5 that is
not already included in the mission aircraft group, with each aircraft at full load and one
pass. The next step is to use a mixed traffic analysis to determine the controlling aircraft
in the group. Next, manually set the first representative aircraft gear type as the
controlling aircraft and determine the equivalent passes. Repeat the process for each
representative aircraft shown in Table-4-5.

This approach results in equivalent passes for each of the five representative aircraft.
The equivalent passes will vary by section depending on the pavement type, subgrade
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category, and traffic area as described in paragraph 4-6.2. The load and equivalent
passes for each of these patterns are used in the structural analysis procedure for each
section. The intent of this approach is to get the fidelity of the mission traffic approach
while facilitating comparison between installations. There may be specific instances
where aircraft not represented in Table 4-5 would also be presented this way and there
may also be sections or sites whose missions support aircraft significantly lighter than
the representative aircraft. In these instances, only add the appropriate representative
aircraft (up to three) that do not overload the pavement.

4-6 INDIVIDUAL VERSUS MIXED TRAFFIC ANALYSIS.

Both standard and mission traffic patterns can be used in an individual or mixed traffic
analysis although a mixed traffic analysis is typically used for a mission traffic pattern.
Individual or mixed traffic analysis can be used for either a conventional (APE) or
layered elastic (LEEP) analysis.

4-6.1 Individual Traffic Analysis.

In an individual traffic analysis, each aircraft in the group is analyzed individually. The
allowable passes for the specified aircraft load and the allowable load for the specified
evaluation passes are computed irrespective of the other aircraft.

4-6.2 Mixed Traffic Analysis

In a mixed traffic analysis, the controlling aircraft is determined based on the pavement
type (rigid or flexible), traffic area (defined above), subgrade category (see Table 4-7),
and number of passes. The equivalent passes of each aircraft in the mix are determined
in terms of the controlling aircraft and the equivalent passes for all aircraft are added
together. The result is a controlling aircraft at a specified weight and number of
equivalent passes that is used in analysis.

Table 4-7 Subgrade Category

Subgrade Rating Flexible Representative Rigid Representative
Category (CBR %) CBR (k pci) k
A High CBR > 13 15 k =442 452.6
B Medium 8 <CBR<13 10 221 <k <442 294.7
C Low 4<CBR<8 6 92 <k <221 147.4
D Ultra Low CBR <4 3 k<92 73.7
4-7 GEAR CONFIGURATIONS.

Early aircraft were primarily supported on two main landing gear wheels, referred to as
“single” wheels. With the large increases in aircraft gross weights, landing gear have
changed to twin (two per strut) wheel loadings, to twin-tandem (four wheel) loadings,
and to more complex (16 and 24 main-gear wheels, extra “belly” gear) wheel support
systems. The two main wheels of single-wheel aircraft are generally spaced far enough
apart that there is no significant overlap of the distributed loads for even very thick
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pavement structures protecting weak subgrades. For twin wheels, however, and closely
spaced tandem wheels or complex wheel groups, the patterns of distributed surface
loadings at and near the bottom of pavement structures overlap so the intensities
(pressures or stresses) combine between adjacent wheels. This combining effect of
load intensities is greater as the adjacent wheels become closer. The aircraft gear
configurations and nomenclature used by the Services are shown in Appendix C.

4-8 TIRE PRESSURE.

The intensity of stress at a given point in a flexible pavement is affected by the tire
contact pressure, which, for large aircraft tires, is roughly equivalent to the inflation
pressure. The major difference in stress intensities caused by variation in tire pressure
occurs near the surface; consequently, the pavement surface and upper base-course
layers are most seriously affected by high tire pressures. Current evaluation criteria
outlined in this UFC and implemented in PCASE are based on constant tire pressure.
Previous versions of UFC 3-260-03 had criteria based on constant contact area. This
difference does result in changes to evaluation results.

4-9 MANAGING AIRCAFT TRAFFIC.

The goal in defining the anticipated load and passes for the aircraft in a traffic mix is to
determine whether each pavement section can structurally support the traffic to
accomplish the mission, typically for a defined period. When the evaluation determines
the pavement is not structurally capable, there are several options for managing the
traffic:

. Reducing the departure weights of one or more aircraft in the traffic mix
. Reducing the number of daily operations of some aircraft in the mix
o Decreasing the pavement service life and programming repairs

The first two options typically focus on large, heavy aircraft that can generate
unacceptable amounts of structural damage. Structural damage is often sensitive to
changes (5 percent or less) in the aircraft gross loads for heavier aircraft, so it is often
more advantageous to restrict the operations of one to three heavy aircraft that typically
cause 90 percent of the pavement fatigue damage rather than limiting day-to-day
operations. Whether the focus is on using up the service life and performing timely
repairs for each inadequate section or managing the traffic as in the first two options,
color-coded structural and condition maps convey this information. Chapter 10
describes these report products in more detail.
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CHAPTER 5 LAYERED ELASTIC PAVEMENT EVALUATION
5-1 PERFORMANCE CRITERIA.
5-1.1 Flexible Pavement Performance Criteria.

The flexible pavement structural evaluation procedure considers two performance
criteria: cracking in the asphalt surface course by limiting values of the tensile strain at
the bottom of the AC layer and rutting due to deformation in the subgrade by limiting
values of the vertical strain at the top of the subgrade. The limiting performance criterion
is typically the vertical strain at the top of the subgrade. There are cases where the
tensile strain controls the allowable number of passes or allowable gross load (AGL) for
thin asphalt surfaces (e.g., less than 3 inches [76 millimeters]), but this scenario could
also exist for thicker AC layers when there are no bases or subbases, or these layers
are weak.

5-1.2 Rigid Pavements Performance Criteria.

Performance criteria for rigid pavements are based on limiting the tensile stress in the
PCC slabs such that failure occurs only after the pavement with has sustained many
load repetitions. Failure is based on a SCI of 50 or 0, as discussed in paragraphs
3-3.4.2 and 5-3.9.1.3.

5-2 PAVEMENT RESPONSE MODEL.

The YULEA linear elastic modeling subroutine computes the pavement responses that
implement the performance criteria in the Pavement-Transportation Computer Assisted
Structural Engineering (PCASE) Layered Elastic Evaluation Program (LEEP) module.
The following assumptions apply in YULEA.

5-2.1 Pavement Structure.

Pavement is a multilayered structure, with each layer characterized by its thickness,
modulus of elasticity, and Poisson’s ratio. Layers are assumed to be homogeneous,
isotropic, and extend infinitely in the horizontal direction.

5-2.2 Layer Interface.

The interface between layers is continuous, meaning the friction resistance between
layers is greater than the developed shear force.

5-2.3 Bedrock Layer.

The bedrock layer is located 20 feet (6 meters) from the surface and is of infinite
thickness. When geotechnical information indicates the depth to the bedrock layer is
less than 20 feet (6 meters), adjust the depth to bedrock to the known depth.

5-2.4 Loads.

All loads are static, circular, and uniform over the contact area.
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5-3 LAYERED ELASTIC EVALUATION PROCEDURE.

The layered elastic evaluation procedure is based on a layered linear elastic model that
characterizes multilayer pavement systems as outlined above. It applies to flexible, plain
concrete, plain concrete overlays, and non-rigid overlays on plain concrete pavements.
Layered elastic criteria are not currently available for reinforced or fibrous pavements.
Refer to Chapter 7 for methods to evaluate reinforced pavements. It uses layer
properties determined from in situ measurements (at the time fieldwork is conducted) to
compute allowable loads for a selected number of aircraft passes, allowable passes at a
specified load, and the Pavement Classification Number (PCN). When the pavement
structure cannot support the defined pass level and aircraft load, PCASE can determine
overlay requirements to strengthen the pavement. More detailed information on the
following procedure is available in the PCASE User Manual.

5-3.1 Layered Elastic Evaluation Using PCASE.

The Services use the PCASE application for design and evaluation of pavements (see
Appendix E). Use the PCASE LEEP module to compute allowable loads, allowable
passes, and PCNs using layered linear elastic evaluation criteria.

5-3.2 Step 1 — Create a New Evaluation.

Open the PCASE Evaluation Checklist to create a new evaluation using the Evaluation
Manager. Define the Service, climate data, evaluation traffic, and rigid failure criteria for
the evaluation, then assign the inventory sections to be included in the evaluation.

Figure 5-1 Evaluation Checklist

[ T Evaluation checklist [+ =) @
Evaluation
Polk 2021 (5/18/2021) v
Sections
Drag column here to group by
Section Name Adhoc | Suface type Use APE  APE status LEEP | LEEP Status
| POLK::RW1634::R02A1 O | AAC RUNWAY no evaluation 1| no resuls
| POLK:RW1634:-RO1A1 O | ARC RUNWAY no evaluation 1| no results
POLK:-RWUAS:-R03A2 ] AC RUNWAY no evaluation 1 | no results
POLK:RWUAS -R03A1 o] RUNWAY no evaluation 1 no resuts
Edt section properties Refresh section properties Show inventory form Reports
Manage Sections in Evaluation
Add all sections Add subset of sections Add ad-hoc section Delete section
Close
5-3.3 Step 2 — Import HWD Test Data.

Use the FWD Module to import the NDT files created during FWD testing (as described
in Chapter 3) into PCASE.
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(i

Evaluation
Pok 2021 (5/18/2021) ~
View
@ ‘mport/ Assign  ~ Assigned

~ FWD fies ~ FWD tests
Files

Import New

DY newries... | | [Bbiarichie | | Detete

File name
& Assign FWD files to sections
Assign selected stations to section

Evaluation Manager,

[oTGhat | | Dete on

Select NDT File(s).

< > 4 < Polk » Polk FWD Data
Organize = MNew folder
Lew Beach A O Neme
PCASE Design W | A19B.FWD
Window Photos | H208.FWD
| H21B.FWD
@ OneDrive
| ROTAT.FWD
v B This PC [ | Ro2A1.FWD
P 3D Objects | RO3A1.FWD
I Desktop | RD3A2.FWD
| RO3A2A.FWD
| Documents

| TO1A.FWD
34 Downloads -
b .. b <

File name: | RO2A1.FWD

Independent Mode
B8 Data from of sections are shown. Selectors
(] are ignored.

v
>

«| | NDT files (*.fwd;*.FWD;*.hwd:*.| ~

Close

5-3.4

Step 3 - Assign Basins to Sections.

Each FWD test (each drop at each station) defines a deflection basin, which is viewed
in PCASE as a two-dimensional plot, as shown in Figure 5-3. When the HWD file has
data for an entire branch (e.g., an entire runway), use the FWD tool to “Assign selected
stations to sections.” When all the stations in an HWD file were collected for a specific
section, use the “Assign FWD files to sections” option.
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Figure 5-3 Assign FWD Files to Sections
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() PWD Data Manager = O X
Evaluation Independent Mode
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= FWD fles ~ FWDtests JIEL S ces Impulse Stifiness Modulus (Ibf/mi), for sensor 0 (Din.) [EX R a1 E ———
] 3 (R02A1.FWD) I | meuise Stifiness
Files [ 4 (R02A1FWD) [¢Drep7 ®Drop2 @ Dop3 & Drpd R=E ) Modulus
[ 5 (R02A1 FWD) — o3 Ores
Import New [ 6 (R02A1.FWD) —_ = = 4 -
Dfnewﬁles [bhhnkﬁle Delete K4 7 (R02A1.FWD) E ) Basin
I 8 (RO2A1 FWD) = — (O Deflection Ratio
File name I 9 (R02A1FWD) = —Show | 3 2 S
A E4 10 (RO2A1.FWD, € (O Displacement
RO2A1.FWD & 11 (0241 FWD E (2 Al drops |~ Estimated
[ 12 (R02A1.FWD ) B s;‘?%rl-aou:dh"muhs
& 13Ro2aFwD) || § O Reduction Factor
& 14 Ro2A1FWD| | | & o [ Sensor plot |~
[ 15 (RO2A1.FWD = 5 OLoad
[ 16 (RO241.FWD = O LoadDisplacement
[ 17 (R02A1 FWD @ &
[4 18 (RO2A1.FWD S (O Temperature
[ 19 (R0241.FWD (O Volumetric K
£ 20 (RO2A1.FWD
I 21 (R02A1.FWD
M 2®2AAWD || 20 eserssriiiiiiiiizizaaz
B4 23 (RO2A1 FWD, Station ID
[ 24 (RO241.FWD
A, fovon FWDfiesto s * 156 of 156 basins selected.
* > The representative basin (station 18, drop 1) is highlighted in green. It has the least Start graphs from zer
D deviation of average stiffness, area and deflection, normalized by load.
) Mo sclected satiorm o secion B0 || seectonsamcs | Seect [ A | @ rmmge Opomt Obox et [ Resstaoom | &) (@) [a] [ ] [«][»
Close

5-3.5 Step 4 — Select Basins for Backcalculation.

Open the LEEP module and use the Select Basins tool on the Settings tab to define the
basins used in backcalculation.

Figure 5-4 Select Basins for Backcalculation

[~
[ LEEP Evaluation - Location Shuqual:RW1331:R01A1 (][
Evaluation Evaluation cimate 1 ent Mode
Columbus AAF COMP 2021 (4/14/2021) v Evaluation Manager.. USA. Columbus_Atb_Aiport () OO Data from al sections are shown. Selectors
OO awgnoed
Layer Model Settings Layers
New impot ¥ Copy | Rename Use Backealculation o o [‘I:‘;knss e T
Calculaie Overl -
Delete = Sl > Portiand Cement - & | BackCale
11" Name oo Backcalculation | Analysis Base Unbound Aggregate = 12 | BackCale
| B Shuqual-RW1331:RO1AT (1 tems)
| LE Defaul model NDT data Natural Subgrade Cohesive Cut - BackCalc
| X 10 of 15 basins will be evaluated.
C smm.nwuy. RO1A2 (1 tems) Sl et i |
| £ Defaut moded 4
| & Shugual-RW1331::R02C1 (1 tems) 4 Select basins Add NDT data
£ Defautt moded
| &I Shuqual:RW1331:R02C2 (1 Rems) Backcalculation
. : < >
| 52 Defaut model v Aun Show basn
Backcalculation results. 2 r
Traffic | Section e Add A Change W A 3 Delete
Aufield Traffic Pattem E = : :
AIR FORCE 14 GROUPS NEW< ~ | | B3| - Lot ey il
Results
[ ]
Save Layout ¥ Reports Close

The Select Basins tool is like the NDT tool but only displays the basins for the section
that is the current focus. Use the Selection Statistics tool to determine which basins to
include or exclude from backcalculation. This tool displays statistics on the impulse
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stiffness modulus by default. Other views of the basin data are available including Area,
Basin, Displacement, Estimated Subgrade Modulus, Load, Load Displacement,
Temperature, and Volumetric K, Deflection Ratio, and Joint Load Reduction Factor

(testing rigid pavement joints) as shown in Figure 5-5 and described in the following
paragraphs.

Figure 5-5 FWD Analysis Parameters

Feature Name FWD Tests
POLK:RW1634:R01A1| (@RO1AT

o
[-] Stations

mpulse Stifiness Modulus (Ibfimil), for sensor 0 (0in e L1 e
Impulse Stffnes
e o] [Foor T v o7 v 5w3 v Brt | | E—o g
& 3R WD,
[ 4 (ROIATFW

Statistics for Impulse Stiffness Modulus

Selected

Average 11751.12] bt /mi 177613 Ibé/mi

Load/Displacement (Ibfimil)

Standard Deviation 626.02] Iof/mil 558.62| Ibf/mil
Coefficient of Variation 35.75" 31.45%

Impuise Stifiness Moduius statistics for 16 selected, 20total data poirts.

(7] Update when chart selection changes Stay above all forms

Station ID

16 of 20 basins selected
0O The representative basin (station 3, drop 2) is highlighted in green. It has the least deviation of average stiffness, area and deflection, normalized by load

Expot Chat Selectonstatisics | Select | Ml | @ range Oport OBk prasemeomoomonon | Petetzoom | |6 (€ (4| (V| |4 >

(5] o

(4 Start graphs from zero

5-3.5.1 Impulse Stiffness Modulus.

The impulse stiffness modulus (ISM) is defined as the FWD force or load in kips divided
by the deflection measured at the center of the load in inches. ISM values computed for
the load-plate sensor (geophone) represent the overall strength of the pavement
structure. These ISMs provide a quantitative stiffness comparison between test points
and between pavement sections. The ISM values are plotted on the Y axis for each
station (test point) in the section. This data is used to visually determine if a change in
strength exists and define where sections change when the FWD file has basin data
from multiple sections. Even when a pavement section has the same pavement type
and construction, the ISMs measured in one area of the section can be statistically
different from those in another area of the section. In this case, consider splitting the
section. Ideally the Coefficient of Variation of the selected basins within a section should
be less than 20 percent. PCASE also displays ISM values for the other sensors that can
be used to compare the relative strength of the base, subbase, or subgrade at each
NDT location.

5-3.5.2 Basin Area.
The AREA parameter displays the area of each deflection basin determined using the

procedure illustrated in Figure 5-6. Only the hatched area (under the measured portion
of the basin) is considered in this computation, and the area between two sensors is
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assumed trapezoidal. Selection Statistics for AREA displays the average deflection
basin area for the section.

Figure 5-6 Determining AREA Beneath Deflection Basin

SENSOR OFFSET, INCHES

0 10 20 40 50 60 7’0 80
L 1 T VA T | |
/ | | l
| |
|
| I | |
I+ | I |
| | |
4 | | |
3 I I | |
7 I | l /
o | | Y
Fer | )
t CONVERSION FACTORS
m | IN. = 00394xMM
8 MLS = 00394 xMICRONS
n SQIN. = 1,550xSQM
3 "AREA" USED IN THE PROGRAM BASIN IS THE AREA
UNDER THE MEASURED PORTION OF THE DEFLECTION
BASIN, THE AREA BETWEEN TWO SENSORS IS
ASSUMED TRAPEZOIDAL :
. AREA =%x (DEFLECTION, + DEFLECTION,, | ) x (SENSOR OFFSETy | - SENSOR OFFSET, )
-
_ AREA
AREA (5Q IN.) = o
5-3.5.3 Basin.

The basin plot displays the deflection (in mils) on the Y axis for each sensor at its
respective offset distance on the X axis. The plot provides a visual indication of the
quality of the basin data. When the lines in the plot are well organized, as in the Figure
5-7 example, the data is likely good. When there are discontinuities in the data, such as
varying basin shapes and crossing lines, the quality of the data is questionable.
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Figure 5-7 Basins
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5-3.54 Displacement.

Displacement plots show the sensor deflection (in mils) for each drop in the test series
on the Y axis for each station on the X axis. Like the basin plot, this plot provides a
visual indication of the quality of the data. Discontinuities such as lines crossing can
indicate anomalies such as voids or delamination or indicate data quality issues.

5-3.5.5 Estimated Subgrade Modulus.

The estimated subgrade modulus is displayed on the Y axis for each drop in the series
for each station in the section. The estimate is computed in Equation 5-1 using the
deflection measured at the 72-inch (1829-millimeter) offset. These values are also used
as the seed moduli for the subgrade layer in the backcalculation procedure.

Equation 5-1. Estimated Subgrade Modulus

E=59304.82(D72 )"’

Where:

E = subgrade modulus, psi

D72 = deflection measured at 72 inches (1829 millimeters) from the NDT load
normalized to 25,000 pounds (11,340 kilograms)

5-3.5.6 Load.

Load plots show the load (in Ibf or kN/um) for each drop in the test series on the Y axis
for each station on the X axis. This plot provides a visual indication of the quality of the
data. Discontinuities such as lines crossing can indicate data quality issues.
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5-3.5.7 Temperature.

Temperature plots show the temperature (in °F or °C) on the Y axis for each drop in the
test series for each station on the X axis. The air and the surface temperature are
captured at the time of testing and the pavement temperature (at depth) is calculated.

5-3.5.8 Volumetric Estimation of k Value.

This procedure estimates the modulus of subgrade reaction, k, beneath rigid pavement,
or rigid pavement with a flexible overlay. It computes the volume of the deflection bowl
as illustrated in Figure 5-8. The k value obtained in this manner is only an approximate
value that can be used for comparison with results from other test procedures such as
plate bearing or dynamic cone penetrometer (DCP) tests used to determine k values.
When no other test data to determine k is available, use the volumetric k in an airfield
pavement evaluation (APE) analysis for comparison with the layered elastic analysis
results. Note that volumetric k values are not typically sufficiently accurate to compute
allowable aircraft loads and PCN values.

Figure 5-8 Determining Volumetric k (Estimate of Modulus of Subgrade Reaction)
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5-3.5.9 Deflection Ratio.

The layered elastic rigid pavement analysis procedure assumes a 25 percent load
transfer by default. Validate this assumption by testing joints with the FWD as described
in more detail later in this chapter. The result of this test is used to compute the joint
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deflection ratio and, when results indicate, reduce the percent of load transfer. PCASE
can also compute the deflection ratio between other sensors, but this capability is not
typically used at this time.

5-3.5.10 Joint Load Reduction Factor.

The deflection ratio is used to determine and, when appropriate, adjust the load transfer
percentage between slabs for the analysis. The Joint Load Reduction Factor is equal to
one whenever the joint deflection ratio is greater than or equal to 0.76.

5-3.6 Step 5 — Layer Model and Backcalculation Options.

LEEP populates a default layer model for each section based on the pavement type, but
the user must update the layer structure as shown in Figure 5-9 based on the data
collected during fieldwork, including the type and thickness of each layer and the
flexural strength (for PCC). In addition, the user can select different backcalculation
options and edit the seed moduli used to initiate the backcalculation procedure as well
as the lower (min) and upper (max) limits used in the procedure. Following are the
backcalculation options for the various layer types.

Figure 5-9 Layer Model for Backcalculation

Layers
- : : Thickness . Sead Modulus Min Modulus Max Modulus | Apply
Layer Type Material Type (in.) Backcalculation Options (psi) (ps) (ps) Linsik
b Portland Cement Concrete  [REeiER RO v 6 | Flexural Strength - 5,000,000 2.500,000 10.000.000 =
Base Unbound Aggregate * 32 | BackCalc - 60,000 5,000 150000 [
Natural Subgrade Cohesive Cut - BackCalc - 9.132 4132 14,132 ¥
5-3.6.1 Backcalculation Option.

The Backcalculation option can be selected for any layer type. It uses estimated initial
modulus values, a minimum, and a maximum modulus that are set for each layer but
the number of backcalculated layers cannot exceed the number of measured
deflections. Table 5-1 provides an example of typical default values used in PCASE that
can be edited when test data is available. When the Apply Limit box is checked, the
backcalculation routine keeps the solution within the limits and when it is unchecked,
the backcalculation routine is not restricted by the limits for that layer.
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Table 5-1 WESDEF Default Modulus Values (psi)
. Range In.itial Poiss?n’s
Minimum | Maximum Estimate Ratio
Asphalt concrete 100,000 2,500,000 350,000 0.35
Portland cement concrete 2,500,000 | 10,000,000 | 4,000,000 0.15
High-quality stabilized base 500,000 2,500,000 1,000,000 0.20
Base-subbase, stabilized 100,000 1,000,000 650,000 0.25
Base-subbase, unstabilized 5,000 150,000 61,000 0.35
Subgrade 1,000 75,000 15,000 0.40
5-3.6.2 Subgrade Seed Modulus.

The seed modulus for the subgrade is determined differently than other layer types. It is
estimated using the deflection measured at the 72-inch (1829-millimeter) offset from the
load using Equation 5-1. The maximum and minimum moduli are set to £5,000 psi (34
MPa) respectively. This relationship is not valid when bedrock is present near the
pavement surface (< 20 feet [6 meters]). In this case use the depth to bedrock
estimation tool (for asphalt pavements) or other geotechnical information to adjust the
depth to bedrock and determine a reasonable subgrade seed modulus.

5-3.6.3

Flexural Strength Option.

The Flexural Strength option uses Equations 5-2 and 5-3 to estimate the modulus value
based on the flexural strength of the pavement.

Equation 5-2.

Equation 5-3.

C = 0.4036 * Mp-*81

E = 57,000 = C%°

Where:

C = Compressive strength, psi
Mr = Flexural strength, psi

E = Modulus of elasticity, psi
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5-3.6.4 Backcalculation Temperature Option.

This option adds the surface temperature at the time of testing to the previous five-day
mean air temperature to determine the pavement temperature at depth as shown in
Figure 5-10. Use this mean calculated mean pavement temperature to estimate the AC
modulus using the relationship in Figure 5-11. The FWD or HWD device normally
produces a load frequency at or near 20 Hz. The curves in Figure 5-11 are extrapolated
from laboratory relationships for new AC mixes; therefore, predicted values may not
always agree with actual field values.

Figure 5-10 Determining Mean Pavement Temperature
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Figure 5-11 Predicting AC Modulus for Asphalt Layers

UFC 3-260-03
21 August 2023

1E+007

~|LOADING FREQUENCY,

HZ"'::::

--------------------------------------------------------------------------------------------------------

100,000 - DN

____________________________________________________

— 2

S T R 10

: 15

(TT0 ] TN N — 20

ASPHALT CONCRETE MODULUS, PSI

10,000
30 50 70 90 110 130
MEAN PAVEMENT TEMPERATURE, DEG F

150

5-3.6.5 En+1 Option.

The En+1 option uses the modulus of the layer below to estimate the base or subbase
modulus using Equation 5-4 for base course and Equation 5-5 for subbase layers:

Equation 5-4. Base Course

Eniq1 =E,*(1.0+10.52]logt — 2.110g E,, * logt)
Where:
Ent1 = Modulus of base layer with a maximum value of 100,000 psi
En = Modulus of subbase or subgrade layer
t = Thickness of base layer

Equation 5-5. Subbase Layer

Epi1 = E,*(1.0+ 7.18logt — 1.56logE), * logt)
Where:
En+1 = Modulus of subbase layer with a maximum value of 40,000 psi

En = Modulus of subgrade layer
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t = Thickness of subbase layer
5-3.6.6 Manual Option.

Typically, the modulus of any layer can be backcalculated; however, when
backcalculated results are erratic, assigning a modulus value to a base or subbase
layer based on its material type or other tests (e.g., DCP) can resolve backcalculation
issues. In general, use the backcalculation, flexural strength, or temperature options for
surface layers. If the results are reasonable for all unbound layers but not surface
layers, adjust the surface layer modulus in analysis rather than in backcalculation.
Modulus values developed from the portable seismic pavement analyzer (PSPA) are
also used for the surface layer modulus in analysis when this testing is performed.

5-3.7 Step 6 — Backcalculate Layer Modulus Values.

The deflection basin produced by applying a load to the pavement with an NDT device
gives input parameters to the system analysis that are used to derive the relative
strength parameters of the pavement layers. To determine modulus values, model the
pavement structure as a layered system like that illustrated in Figure 5-12. PCASE uses
the YULEA module to determine a set of modulus values that provides the best fit
between a measured and a computed deflection basin when given an initial estimate of
the elastic modulus values, a range of modulus values, and a set of measured
deflections. The following paragraphs summarize the layered elastic modulus
backcalculation routine.

Figure 5-12 Layered Pavement Structure
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Backcalculation Objective.

Consider the pavement system where:

5-3.7.2

The modulus is unknown for a number of layers (NL).

The deflection due to an NDT load is measured at a number of deflection
sensors (ND).

The number of deflection sensors (ND) is greater than the number of
layers (NL).

The objective is to determine the set of elastic moduli values that
minimizes the error between the computed deflection (CD) and the
measured deflection (MD).

Elastic Modulus Backcalculation from NDT Data.

Assume a set of E values and compute the deflection at the sensor location
corresponding to the measured deflection. Vary each unknown E individually and
compute a new set of deflections for each variation. Figure 5-13 presents a simplified
description of how the deflection basins are matched. This illustration is for one
deflection and one layer. For multiple deflections and layers, obtain the solution by
developing a set of equations that defines the slope and intercept for each deflection
and each unknown layer modulus using Equation 5-6.

Figure 5-13 Simplified Description of Matching Deflection Basins in YULEA
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Equation 5-6. Backcalculated Layer Modulus

Deflection ;= A; + S ;i (log E; )
Where:
A = intercept
S = slope
J = 1 to the number of deflections
i = 1 to the number of layers with unknown modulus values

5-3.7.3 Depth to Bedrock Estimation.

PCASE assumes a stiff layer having a modulus of elasticity of 1,000,000 psi (6,895
MPa) and Poisson’s ratio of 0.5 below the subgrade layer. This stiff layer defaults to a
20-foot (6-meter) depth and is infinitely thick. When modulus values for the subgrade
seem excessively high for the material type, adjust the depth to bedrock using
geotechnical information such as boring logs or the PCASE Depth to Bedrock tool for
asphalt pavements that uses Equations 5-7 through 5-10 to estimate the depth of
bedrock for each station and then uses equation 5-11 to determine the average depth to
bedrock (see Report No. FHWA/TX-91/1123-3, Modulus 4.0: Expansion and Validation
of the Modulus Backcalculation System)

Equation 5-7. Depth to Bedrock, Asphalt Thickness <2 in.

1
3= 0.0362 — 0.3242r, + 10.2717r¢ — 23.66097r3 — 0.0037BCI

Equation 5-8. Depth to Bedrock, Asphalt Thickness > 2, < 4 in.

1
3= 0.065 + 0.16527, + 5.428987¢ — 11.002673 — 0.0004BDI

Equation 5-9. Depth to Bedrock, Asphalt Thickness >4, <6 in.

1
3= 0.0413 + 0.99297r, — 0.00125CI + 20.0063BDI — 0.0778 log(BCI)

Equation 5-10. Depth to Bedrock, Asphalt Thickness > 6,
1
3= 0.0409 + 0.56697, + 3.0137r¢ + 0.0033BDI — 0.0665 log(BCI)

Where:

Ty = 1/r intercept by extrapolating the steepest section of the
1/r vs.deflection curve (1/ft units)

SCI = Dy — D, (Surface Curvature Index)

BDI = D; — D, (Base Damage Index)

BCI = D, — D; (Base Curvature Index)

D; = Surface deflection (inches 10~3) normalized to 9,000 lb.load
at an of fsetiin feet.
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Equation 5-11. Average Depth to Bedrock

D= n
=l
i=1 E

Where:
D = Average depth to an apparent rigid layer in feet
Bi = Depth to the apparent rigid layer for the ith deflection bow!
n = Number of deflection bowls within one standard deviation of the mean 1/B;
5-3.7.4 Layered Elastic Interface Conditions.

YULEA can accommodate multiple loads and variable interface conditions. For a given
layer (n) and underlying layer (n + 1), set the interface value to “Fully Bonded” for
complete adhesion between the layers or “Partially Bonded” for almost frictionless bond
between the layers. The procedure assumes a partially bonded condition at the bottom
of a PCC layer and a fully bonded interface condition for all other layers.

5-3.7.5 Backcalculation Procedure Closure.

PCASE allows the user to define the backcalculation procedure closure parameters.
The user can choose whether the to use the Error (historically used by DoD) or Root
Mean Square Error (RMSE) which is more commonly used in industry. The user can
define the maximum number of iterations and the closure parameters, including the
percent error (or RMSE) for the deflection basin (Equation 5-12) and the percent error
(or RMSE) for the modulus (Equation 5-13). There are also options for defining the
backcalculation termination parameters, including when both the basin and modulus
error (or RMSE) are less than or equal to the thresholds, only the basin error (or RMSE)
is less than or equal to the threshold, or either the basin or modulus error (or RMSE) is
less than or equal to the threshold. The latter is the default setting. The maximum
iterations defaults to 20, and both the basin and modulus error defaults to five percent
as shown in Figure 5-14. When the backcalculation results meet the parameters for
each basin, the procedure closes and presents the results. The targeted error for
deflection basin and modulus is less than 3 percent after one or two iterations. Compare
the results from the basin and modulus backcalculation methods to obtain optimum
results with low standard deviations and low coefficients of variation. A coefficient of
variation that is less than 15 percent is good but this statistic depends heavily on the
variability of the pavement layer thicknesses, material types, and strength.
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Figure 5-14 PCASE Backcalculation Closure Options
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Equation 5-12. Basin RMSE

2
ZT'I (Dmeasured - Dcomputed)
i D
measured
RMSEDeflection Basin = 100 * n
Where:
RMSEDefectionBasin = Deflection basin root mean square error
i = jth Sensor
n = Total number of sensors
Dmeasured = Measured deflection at sensor i
Dcomputed = Computed deflection at sensor i
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Equation 5-13. Modulus RMSE

Ei . —E:
n 1—1,] 1]
2i ( Di_q; )

2

RMSEpmoaquius = 100 *

n
Where:
RMSEwmoduius = Modulus root mean square error
i = jth Iteration
J = jth Layer
n = Total number of layers
Ei1j = Modulus from previous iteration for layer j
Eij = Modulus for current iteration for layer j
D1 = Deflection from previous iteration for layer j
5-3.8 Step 7 — Select Layer Model for Analysis.

In addition to the basin and modulus error closure procedure described above and
shown in Figure 5-15, PCASE provides several other statistics to aid in selecting a
basin for layered elastic analysis. These include the representative basin (mean

modulus error) (Equation 5-15) and the mean measurement error (Equation 5-16).

Figure 5-15 Detailed Basin Results
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5-3.8.1 Representative Basin.

PCASE determines the representative basin using Equation 5-14. It highlights the row
for the basin with the lowest mean modulus error, which is based solely on the
backcalculation results. The basin with the lowest error is sent to LEEP for analysis
unless the user selects another basin (e.g., the basin with the lowest mean
measurement error).
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Equation 5-14. Mean Modulus Error

NL

E —E\’
Error, = Z 3
i

i=1

Where:

E; = Average of the modulus of the i-th layer among all the basins 1 to k
k = basin number

NL = number of layers

5-3.8.2 Mean Measurement Error.

The mean measurement error is computed using Equation 5-15 and is based solely on
the FWD data, not the backcalculation results. The basin with the lowest error is
indicated by a green circle with a white checkmark in the mean measurements error
column as shown in Figure 5-15.

Equation 5-15. Representative Basin

ISM — ISM,\*> <> (DF — DF,\’> (AREA — AREA,\*
Error, =|————] + Z — + —
ISM - DF AREA
Where:
ISM = computed ISM
DF = measured deflection
AREA = computed area
k = basin number
ND = number of deflection sensors
ISM = average ISM
DF = average deflection
AREA = average basin area
5-3.8.3 Basin Selection for Analysis.

Ideally, we want the basin and modulus error of closure (paragraph 5-3.7.5) to be below
five percent, but there can be situations when one or both values exceed this threshold.
In addition, having low errors for any of the statistics outlined above does not guarantee
modulus values for the layers are reasonable. When results are not reasonable, adjust
the model or backcalculation parameters as outlined in the following paragraphs and
run backcalculation again. Select a basin with reasonable results for the material type
even if the error is higher. Simply taking the average of each deflection reading from
each FWD sensor and computing engineering properties from an “average deflection
basin” is not a best-practices procedure. Each FWD test within a section represents a
unique pavement response (e.g., deflection basin) for a unique pavement cross-section.
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5-3.8.4 Backcalculation Analysis Guidelines.

Contributing factors that affect the reasonableness of results include errors between
measured and calculated values, compensating adjacent layer E-values, or assigning
inappropriate E-values. To overcome these issues, first identify the cause of the issue
and do not make random changes to the structure. The following backcalculation
guidelines are helpful in determining layer moduli.

. If modulus values are against the limits, turn off the limits and
backcalculate again or modify the limits to include the computed elastic
modulus. Results can come back within the original boundary conditions.

. Fix the modulus of an AC or PCC surface layer using the Temp or Flex
option or based on tests conducted with the PSPA or on material type and
condition at the time of testing rather than computing the modulus.

. Combine base and subbase into one layer and compute a composite
modulus or divide the base course into two layers.

o Fix the subgrade modulus based on results of a preliminary run or on the
deflection of sensor #7. In some cases, subdividing the subgrade into two
layers is warranted.

o When a rigid pavement has a base and/or subbase, best practice is to
include them in the model. However, if results are not reasonable, use a
two-layer model with a composite modulus for the combined base and
subgrade. Note that this can impact the PCN subgrade category in
analysis.

. Do not attempt to compute the modulus of layers less than 3 inches (76
millimeters) thick. Assign the modulus of a thin layer based on material
type, temperature, etc., or combine a thin layer with an adjacent layer with
similar material properties to determine a composite modulus.

o Exercise caution when using modulus values outside the default ranges.
Because the ranges are quite broad, values outside these limits can be
unrealistic.

5-3.9 Step 8 — Layered Elastic Analysis.

The PCASE LEEP module uses YULEA to compute load-carrying capabilities and
required overlay thicknesses for the defined traffic pattern (e.g., aircraft gear
configuration, load, pass intensity level) on an existing pavement structure using layer
moduli obtained through backcalculation or assigned based on one of the other
previously described options. YULEA computes stresses (rigid and non-rigid overlay on
rigid pavement) and strains (flexible pavement) that occur in the pavement system.
Next, it calculates the limiting stress or strain values from empirically developed layered
elastic values. LEEP compares the predicted stress or strain to the limiting value and
outputs the allowable load for the defined pass level and allowable passes for the
defined traffic (aircraft) load. The specific criteria and methodology are outlined below.
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5-3.9.1 Analysis Criteria.

Maximum stresses and strains within a pavement system are computed using the
controlling wheels of the design aircraft. The location of the maximum stress and strain
value is influenced by factors such as pavement structure, wheel load, and wheel
spacing. For a single wheel aircraft, the maximum stress and strain always occurs
directly underneath the wheel. For other more complicated gear configurations,
compute stresses and strains at several positions to determine the critical values. The
PCASE LEEP module uses YULEA to determine the limiting values of stress/strain for a
particular pavement type using the following.

5-3.9.11 AC Pavement Analysis Criteria.

The horizontal tensile strain at the bottom of the AC layer and vertical subgrade strain at
the top of the subgrade are considered when evaluating flexible pavements. The limiting
AC strain criterion (shown graphically in Figure 5-16) is as follows:

Equation 5-16. Allowable AC Strain

ALLOWABLE STRAIN 4= 10"

Where:

ALLOWABLE STRAINac = allowable tensile strain at the bottom of the asphalt layer,
inches/inches
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Figure 5-16 Limiting Horizontal Tensile Strain Criteria for an AC Layer
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The allowable subgrade strain criterion (shown graphically in Figure 5-17) is calculated
using Equation 5-17.

Equation 5-17. Allowable Subgrade Strain

1/B
ALLOWABLE STRAIN s = (10’ 000) A
Where:
ALLOWABLE STRAINsc = allowable vertical strain at the top of the subgrade,
inches/inches
N = aircraft repetitions (passes)
A =0.000247 + 0.000245 LOG(Esg)
B = 0.0658 (Esg)9-5%9

Esc = subgrade modulus, psi
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Figure 5-17 Limiting Vertical Subgrade Strain Criteria for Flexible Pavement
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5-3.9.1.2 Asphalt Design Modulus.

While the backcalculation procedure uses the surface and five-day mean to determine a
modulus, the analysis procedure uses the design air temperature that is the average of
the hottest month’s mean and maximum temperatures. The LEEP module pulls this
data from the world index (climate) database to determine the design pavement
temperature using the relationship in Figure 5-18. The design pavement temperature is
then used in the relationship shown in Figure 5-19 to determine the asphalt modulus for
the specific load frequency. Use the 10 Hz load frequency for runways and the 2 Hz

load frequency for taxiways and aprons.
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Figure 5-18 Design Pavement Temperature
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Figure 5-19 Asphalt Concrete Modulus
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5-3.9.1.3 PCC Pavement Analysis Criteria.

LEEP assumes that an AC over PCC structure is a rigid pavement unless the

backcalculated modulus of the PCC layer is less than 1,000,000 psi (6,895 MPa), then
evaluate it as a flexible pavement. Rigid and non-rigid overlays of rigid pavements are
evaluated based on the tensile stress at the bottom of the PCC slab and the predicted
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pavement deterioration in terms of the Structural Condition Index (SCI) as defined in
Equation 5-18.

Equation 5-18. Structural Condition Index

SCI = 100 — A * (sum of structural deducts)

A is an adjustment factor based on the number of distress types with load-related PCI
deduct values greater than five points as determined from the PCI survey procedure.
The load-related PCI distresses are established and computed in the PAVER software
program. These structural deducts are a function of distress types, severities, and
densities associated with repeated aircraft and vehicle loads. The SCI prediction is
based on a relationship between design factor and stress repetitions as related to crack
formation in the PCC slabs due to load. An SCI of 50 corresponds well to the formation
of one or more cracks per slab in 50 percent of the trafficked slabs (first crack failure
criteria) and an SCI = 0 correlates approximately to a shattered-slab condition. The
design factor, DF, is the concrete flexural strength divided by the flexural stress in a
PCC slab.

Equation 5-19 shows the SCIl-based equation for determining the DF. Using the PCC
flexural strength, determine the allowable PCC slab flexural stress using Equation 5-20.

Equation 5-19. Design Factor

DF = A+ B LOG C

Where:

DF = design factor

A =0.2967 + 0.002267 (SCI)

B =0.3881 + 0.000039 (SCl)

C = coverage level at selected SCI

SCI = structural condition index

Equation 5-20. Allowable PCC Slab Flexural Stress

ALLOWABLE STRESS pcc = R

DF
Where:
ALLOWABLE STRESSkcc = allowable tensile stress at the bottom of the slab, psi
R = PCC flexural strength, psi
5-3.9.2 PCC Joint Load Transfer Efficiency Using NDT Tests.

Rigid pavement analysis assumes 25 percent load transfer between slabs. The
allowable loads determined at the slab centers can be reduced for poor joint transfer
using load reduction factors shown in Figure 5-20. So, when there is evidence that there
is a lack of load transfer (e.g., longitudinal cracking along the length of a section), test
the joint load transfer as outlined in paragraph 3-4.1.7 and use the PCASE FWD
module to compute the deflection ratio and load transfer efficiency as follows:
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Equation 5-21. Deflection Ratio and Load Transfer Efficiency

DEFLECTION OF UNLOADED SLAB
DEFLECTION OF LOADED SLAB

DEFLECTION RATIO =

The relationship in Figure 5-20 was developed using finite element programs to
compute edge stresses for a range of pavement thicknesses and subgrade moduli and
k values to relate the deflection ratio to the percent maximum edge stress. The
maximum edge stress condition is a free edge with no load transfer. The edge stress is
reduced as more load is transferred across a PCC joint from the loaded to the unloaded
slab. For a load reduction factor of 1.0 (e.g., 100 percent of the aircraft design load), the
deflection ratio is at least 76 percent as shown in Figure 5-20. As the deflection ratio
falls below 76 percent, the load factor and corresponding design load decrease. The
load reduction factor varies from 0.75 to 1.00, with a minimum load reduction factor of
75 percent when the deflection ratio is zero. This procedure is also used for both rigid
and non-rigid overlays of rigid pavements.

Figure 5-20 Load Reduction Factors for Load-Transfer Analyses
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CHAPTER 6 FLEXIBLE PAVEMENT EVALUATION - CBR PROCEDURE
6-1 PERFORMANCE CRITERIA.

This flexible pavement structural evaluation procedure is a mechanistic-empirical
approach known as the Alpha-Beta hybrid procedure which uses the California Bearing
Ratio (CBR) as a measure of strength to analyze the vertical stress at the top of each
layer and determine the allowable load and passes for an existing structure. Figure 6-1
shows the CBR Beta Performance model, which is based on the test points gathered in
multiple full-scale test sections. The CBR Beta model is used when the CBR of a layer
is less than or equal to 20. When the CBR of a layer is greater than or equal to 30, the
CBR Alpha model is used for analysis, and when the CBR is greater than 20 and less
than 30, the Alpha-Beta Hybrid model is used for analysis. The term CBR procedure is
commonly used to describe the alpha-beta hybrid procedure. The details of this
procedure are outlined in Appendix D and ERDC/GL TR-12-16, Reformulation of the
CBR Procedure.

Figure 6-1 CBR-Beta Performance Criteria
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6-2 FACTORS LIMITING LOAD-CARRYING CAPABILITY.

Structural failure criterion for a flexible pavement is based on a 1-inch (25-millimeter)
rut. The load-carrying capability of a flexible pavement is limited by its critical or
controlling layer, either the pavement surface, base, subbase, or subgrade.
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6-2.1 Controlling Layer.

The ability of a given subsurface layer to withstand the loads imposed on it depends on
the thickness and strength of material above it and its strength in its weakest condition.
The critical or controlling layer is the layer that will support the least allowable load. To
be realistic, an evaluation must consider possible future changes in moisture content
and density as well as the effects of freezing and thawing.

6-2.2 Surface Condition.

A flexible pavement is assumed to have lost some structural capability when the PCl is
less than or equal to 40 (VERY POOR, SERIOUS, or FAILED). When this occurs, a 25
percent load reduction is imposed on the section.

6-3 FLEXIBLE PAVEMENT (CBR) EVALUATION PROCEDURE.

The CBR evaluation procedure applies to flexible pavements. It analyzes the shear
stress at the top of each layer using the CBR as a measure of the shear strength. It
uses layer properties determined from in situ measurements to compute allowable loads
for a selected number of aircraft passes, allowable passes at a specified load, and the
Pavement Classification Number (PCN). When the pavement structure cannot support
the defined pass level and aircraft load, determine overlay requirements to strengthen
the pavement when desired. Following is a step-by-step procedure for evaluating a
pavement section. Repeat Steps 2 through 4 of this process for each section being
evaluated. The Pavement-Transportation Computer Assisted Structural Engineering
(PCASE) Airfield Pavement Evaluation (APE) module implements the CBR criteria.
More detailed information on using PCASE is available in the PCASE User Manual.

6-3.1 Step 1 — Create a New Evaluation.

Open the PCASE Evaluation Checklist to create a new evaluation using the Evaluation
Manager. Define the Service, climate data, evaluation traffic, and rigid failure criteria for
the evaluation, then assign the inventory sections to be included in the evaluation.
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Figure 6-2 Evaluation Checklist

| 7" Evaluation checklist o |l e -
Evaluation
Pok 2021 (5/18/2021) -
Sections
Drag column here to group by
Section Name Adhoc | Surface type Use APE  APE status LEEP | LEEP Status
| POLK::RW1634::R02A1 O .:’-,—"-C RUNWAY no evaluation 1| no results
| POLK:RW1634:R01A1 (] | AAC RUNWAY no evaluation 1 | no results
POLK::RWUAS::R03A2 O | AC RUNWAY no evaluation 1 no results
POLK:RWUAS:-R0O3A1 O AC RUNWAY no evaluation 1 | no results
Edt section properties Refresh section properties Show inverttory form Reports
Manage Sections in Evaluation
Add all sections Add subset of sections Add ad-hoc section Delete section
Close
6-3.2 Step 2 - Input Pavement Layers and Thickness.

Open the APE module, edit the default layer structure, and enter the pavement
thickness for each section. Determine the in-place thicknesses of asphaltic concrete to
the nearest 0.25 inch and underlying unbound layers to the nearest inch by testing or
from construction data when testing is not possible. Layer thickness testing can include
measurements from coring, DCP, soil boring, GPR, or a combination of these tests. The
number of tests required will vary based on the area and use of the pavement as well as
the uniformity of the structure. When the layer thicknesses vary for a given section,
evaluate the section using different models that replicate what was seen in the field, but
only report the controlling evaluation for the facility.

6-3.2.1 Equivalency Factors.

When the measured thickness of a layer exceeds the required minimum thickness as
defined in UFC 3-260-02, the excess measured thickness is converted to an equivalent
thickness of base course and added to the existing base thickness. Then, any excess
base-course thickness is converted to an equivalent thickness of subbase and added to
the subbase thickness. This adjusted section is then used for evaluation. The
equivalency factors for converting asphalt to base and subbase are 1.15 and 2.3
respectively, and for converting base course to subbase is 2.0, as shown in Table 6-1.
This means that 1 inch (25.4 millimeter) of asphalt is equal to 1.15 inches (29
millimeters) of base and 2.3 inches (58 millimeters) of subbase, and 1 inch (25.4
millimeter) of base course is equal to 2 inches (51 millimeters) of subbase. The
following example illustrates the use of equivalency factors.
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Table 6-1 Equivalency Factors

Base Subbase
Material Equivalency Equivalency
Factor Factor
Unbound crushed stone | 1.00 2.00
Unbound subbase* - 1.00
Asphalt-stabilized and
all-bituminous concrete 1.15 2.30
GW, GP, GM, GC 1.00 2.00
(SW, SP, SM, SC)* - 1.50
Cement-stabilized
GW, GP, SW, SP 1.15 2.30
GC, GM 1.00 2.00
(ML, MH, CL, CH)* - 1.70
(SC, SM)* - 1.50
Lime-stabilized
(ML, MH, CL, CH)* - 1.00
(SC, SM, GC, GM)* - 1.10
Lime-, cement-, fly ash-
stabilized
(ML, MH, CL, CH)* - 1.30
(SC, SM, GC, GM)* - 1.40

* Note: Material is not to be used as a base layer.

6-3.2.2 Equivalent Thickness Example.

Evaluate a runway touchdown section for C-130 operations. The measured thickness of
the pavement section and the equivalent thickness used to evaluate the pavement are
shown in Table 6-2. The C-130 requires a minimum surface thickness of 4 inches (102
millimeters) and a minimum base thickness of 6 inches (152 millimeters). The base is
unbound crushed stone.
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Table 6-2 Equivalent Thicknesses

Measured Equivalent Equivalent Evaluation
Layer Thickness Thickness of Base Thickness of Thickness
(in.) (in.) Subbase (in.) (in)
Asphalt 5 5" - 4" min = 1" excess - 4
surface
Base 7 8.15=7.0+1x1.15) | 815" —6"min=2.15" 6
excess
Subbase 10 - 14.30=10+2.15x2 14.3
Subgrade - - - -
6-3.2.3 Stabilized Layer Equivalent Thickness.

Stabilized layers are incorporated in the design of pavement sections to make use of
locally available materials that cannot otherwise meet the criteria for base or subbase
courses. Materials must meet the requirements in UFC 3-250-11, Soil Stabilization and
Modification for Pavements. In design, the equivalency factors shown in Table 6-1 are
assigned to the stabilized material and result in a thickness reduction as compared with
an unbound base course or subbase course. These same equivalency factors result in
an increase in thickness of the layer in evaluation. If no information is available on the
condition and strength of the stabilized layer, it should be treated as a high-quality
granular layer. If DCP results indicate the layer is well stabilized (refusal for DCP), then
consider the layer for the equivalency factors.

6-3.2.4

Stabilized Layer Equivalent Thickness Example.

Assume that an Air Force pavement structure consists of a 4-inch (102-millimeter)
asphaltic concrete, an 8-inch (203-millimeter) bituminous concrete base, and an 8-inch
(203-millimeter) cement-stabilized gravelly clay subbase with an unconfined
compressive strength of 700 psi (4.83 MPa). From Table 6-1, the 8-inch (203-millimeter)
bituminous concrete base equivalency factor is 1.15, which increases the thickness of
the stabilized base for evaluation to 9.2 inches (234 millimeters). Table 6-1 shows that
the 8-inch (203-millimeter) cement-stabilized subbase has an equivalency factor of 2.0,
which increases the thickness of the stabilized subbase for evaluation to 16 inches (406

millimeters).

6-3.3

Step 3 - Soil Layer Strength Values.

Enter the CBR for the subgrade and overlying subbase and base courses. Both in-field
and laboratory CBR tests are described in CRD-C654, Standard Test Method for
Determining the California Bearing Ratio of Soils. Field DCP tests are described in
Appendix A and TM 3-34.48-2, Appendix G. Use construction data in conjunction with
testing or when testing is not possible. The CBR test results from an individual test pit or
from multiple DCP tests are seldom uniform. Therefore, analyze the data carefully as
described in Chapter 3 to determine reasonable CBR values to use for an evaluation.
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6-3.3.1 Base Course CBR.

Base course CBR or DCP testing can produce inaccurate CBR values when performing
in-place tests or for laboratory tests due to inherent difficulties in processing samples.
For example, DCP test results may show a 100 CBR for a Poorly Graded Gravel
however, it is likely the DCP encountered large aggregates that skewed the test results.
In this case, assign CBR values based on the material’s typical behavior, as shown in
Table 6-3.

Table 6-3 Assigned CBR values for Base Course Materials

Aggregate Base Course Assigned CBR
Graded crushed aggregate 100
Aggregate 80
Limerock 80
Coral 80
Shell Rock 80
6-3.4 Step 4 — Flexible Pavement Analysis.
6-3.4.1 Alpha-Beta Hybrid (CBR) Evaluation Procedure.

Once the thickness and CBR values are selected for each of the layers, use these
values to determine the shear stress at the top of each layer based on the stress-based
CBR Alpha-Beta hybrid procedure assuming constant tire pressure. The objective of the
analysis is to determine the allowable load and allowable passes for the structure. Note
that results using the current criteria will differ from the CBR Alpha criteria and constant
contact area assumption used in past versions of this UFC. PCASE automates the
analysis procedure outlined in this chapter and in Appendix D. The procedure for
generating aircraft curves using the current criteria is included in TSPWG M 3-260-
03.02-19.

6-3.4.2 Procedure for Determining Allowable Gross Load (AGL).

The inputs for this analysis are the traffic mix with the load and number of passes for
each vehicle in the mix defined, the pavement structure, and the traffic area. Determine
the controlling/representative vehicle and equivalent passes based on one of the traffic
analysis procedures outlined in Chapter 4. Perform the allowable coverages calculation
using the Alpha-Beta Hybrid procedure in which limiting (vertical) stress is calculated for
each layer in the pavement structure based on load of the controlling/representative
vehicle load. Compute the cumulative damage factor (CDF). If the CDF is less than 1,
increase the gross load and repeat the analysis procedure. If the CDF is greater than 1,
decrease the load and repeat the analysis procedure. When CDF equals 1, use that
value for the AGL. See Appendix D for details on this procedure.
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6-3.4.3 Procedure for Determining Allowable Passes.

The inputs for this analysis are the traffic mix with the load and number of passes for
each vehicle in the mix defined, the pavement structure, and the traffic area. Determine
the controlling/representative vehicle and equivalent passes based on one of the traffic
analysis procedures outlined in Chapter 4. Perform the allowable coverages calculation
using the Alpha-Beta Hybrid procedure in which limiting (vertical) stress is calculated for
each layer in the pavement structure based on load of the controlling/representative
vehicle load. See Appendix D for details on this procedure.

6-3.4.4 Load, Tire Pressure, and Contact Area Relationship.
Typically, the relationship between weight on a tire, tire pressure, and contact area is:
Tire Contact Area = Load on Tire/Constant Tire Pressure

This relationship is good for AGLs up to approximately the maximum aircraft load. At
that point, contact area begins increasing to unrealistic values to the extent that the
limiting stress is not reached. Therefore, a solution for allowable load is not achievable.
To resolve this issue, the following relationship is used for the allowable loads above the
maximum aircraft loads.

Equation 6-1. Tire Pressure Relationship

D

T =T, 6+
P pml 3
TC{H(AGLJ }
D

where

T, =Tire pressure used for calculations
T., = Tire contact area at MaxLoad

T, = Tire pressure at MaxLoad

D = AGL — MaxLoad

An example of this relationship for the C-17 is shown in Figure 6-3.
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Figure 6-3 Tire Pressure/Contact Area vs. AGL
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6-3.5 Pavement Classification Number (PCN).

The process described above is used to calculate the allowable load which is then used
to compute the PCN. Comparing the aircraft classification number (ACN) to the PCN of
a pavement section is an expedient way to determine if it can support a particular
aircraft. Chapter 9 presents the PCN procedure.

6-4 OTHER FLEXIBLE PAVEMENT EVALUATION CONSIDERATIONS.

The structural analysis procedure above assumes the quality of the materials and
construction procedures used to construct a flexible pavement meet the criteria outlined
in UFC 3-260-02 and the various Unified Facility Guide Specifications (UFGS). When
field and laboratory testing indicate that this assumption is not valid, adjust evaluation
inputs or at least fully document any anomalies in the report. The following paragraphs
discuss evaluation issues that should be considered.
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6-4.1 Ability to Support Traffic.

The type and gradation of the aggregate, the amount of bitumen in the mix, and the
compaction of the mix all affect the ability of a mix to support traffic of a given load.
Mixes with rounded aggregates are less stable than those with crushed-face
aggregates. Mixes with aggregates of irregular grading are less stable than those with
well-graded aggregates. A bitumen deficiency produces a pavement that may ravel, but
too much bitumen produces a pavement that may rut and shove. Compare the test data
from the laboratory recompacted core sample specimens taken during the evaluation
with the design criteria in UFC 3-260-02. The condition of surface or binder course
pavement at the time of sampling can be an indication of future behavior under
additional traffic. Table 6-4 shows the prediction of behavior from tests on cores and on
laboratory recompacted surface course specimens. Assume the thickness and
aggregate gradation are satisfactory.

Table 6-4 Example Test Data

Recompacted Recompacted
Tests Field Cores Sample - 50 Sample - 75
Blows" Blows
Unit weight (density), pcf 144.2 149.7 150.9
Unit weight, percent of 50-blow | 96 - -
laboratory compaction
Unit weight, percent of 75-blow | 95 - -
laboratory compaction
Stability (pounds) 1,883 2,929 3,276
Flow (1/100 inch) 15 16 16
Voids total mix, percent 8.5 4.5 3.7
Voids filled, percent 57.2 72.1 75.8

*Note: For shoulders and overruns

The test data from recompacted specimens shown above indicates the current density
(field cores) is relatively low, the flow is approaching the upper limit, and the void
relations are outside the acceptable ranges, but the stability is satisfactory. This means
that additional compaction from traffic will likely increase the stability but also cause
some rutting of the pavement. Therefore, the pavement should be able to withstand
heavier loads than it sustained in the past and is satisfactory under traffic having up to
200 psi (1.4 MPa) tire pressure. At 75 blow laboratory compaction, the voids total mix
value is below the midpoint of the acceptable range and the flow is at the upper limit,
indicating a mix slightly rich of optimum. However, no danger from flushing is expected.
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6-4.2 Ability to Withstand Fuel Spillage.

Fuel dripping on a given area at frequent intervals or a pervious pavement mix that
allows considerable penetration of the fuel will cause pavement distresses because
asphaltic cements are readily soluble in fuels. The voids in the total mix control the rate
at which penetration occurs. Fuel will penetrate very little into pavements with 3 percent
voids but will rapidly penetrate pavements with high (over 7 percent) voids. Therefore,
an AC layer with higher density will typically increase the pavement'’s resistance to jet
fuel penetration and weathering. Pavements about one year or older usually perform
better in this respect than new pavements. Evaluate the surface course characteristics
for resistance to jet fuel. Table 6-5 serves as a guide for evaluating asphalt pavements
regarding fuel spillage for use in different areas of the airfield.

Table 6-5 Surface Course Fuel Resistance

Pavement Type Texture Satisfactory for
Runway interiors and areas of taxiways
Asphaltic concrete Dense where aircraft do not warm up or stop
frequently
Asphaltic concrete Open Runway interiors or any high-speed areas
6-4.3 Ability to Withstand Jet Blast.

Tests have shown that about 300 °F (149 °C) is the critical temperature for asphaltic
concrete. Field tests simulating pre-takeoff checks at the ends of runways indicate that
the maximum temperatures induced in the pavements when afterburners are not used
are less than 300 °F (149 °C). Maximum temperatures induced in pavement tests
simulating maintenance checkups are 315 °F (157 °C). When afterburners are turned
on after the aircraft has begun the takeoff run, little or no damage occurs.

Thin-surface courses, not well-bonded to the underlying layers, are subject to erosion
(e.g., weathering, raveling, jet blast) by a high-velocity blast, even though the binder is
not melted. All jet aircraft currently in use are believed to produce blasts of sufficiently
high velocity to flay such courses. Setback distances for running-up engines are
established and included in UFC 3-260-01, Airfield and Heliport Planning and Design.
Surface layers less than 1 inch (25.4 millimeters) thick and poorly bonded are
considered unsatisfactory for parking areas and the 1,000-foot (304.8-meter) ends of
runways and are so reported in the narrative portion of the evaluation report for all
aircraft. DoD aircraft inventories now include aircraft with thrust vectors that potentially
negatively impact airfield pavements, depending on operational usage. When these
aircraft are present, the evaluation should consider the expected decrease in
performance due to thrust vector forces.
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6-4.4 Effects of Traffic Compaction on Paving Mixes.

Traffic tends to densify flexible pavements, depending on the gear loads applied and the
characteristics of the mix. Densification is limited where traffic is widely distributed and
is greatest where traffic is channelized. High tire pressures produce greater
densification than low tire pressures. The probability of densification under a given
loading decreases somewhat with pavement age because of hardening of the asphailt.
A comparison of the in-place density and void relations of the pavement with the results
of comparable tests on specimens recompacted in the laboratory gives an indication of
future behavior. If the pavement is constructed so the voids fall near the lower limit of
the specified allowable range, it is probable that aircraft with relatively high-pressure
tires will produce sufficient densification to appreciably reduce the voids in the total mix.
The pavement is considered unstable and may rut when the voids fall below the
specified minimum (see UFC 3-260-02). These conditions cannot be translated into
numerical evaluations, but they should be discussed in the evaluation report and
summarized so engineers will have the information available.

6-4.5 Effects of Traffic Compaction on Base Course and Subgrade.
6-4.5.1 Degree of Compaction for CBR Values.

Definite degrees of compaction are specified for the subgrade and base course in

airfield pavement construction to prevent excessive densification under traffic, the

consequent development of surface roughness “birdbaths,” and loss of grade. The
design CBR values are based on assumed degrees of compaction outlined in the

specifications.

6-4.5.2 Density Requirements.

Compare the in-place densities, as a percentage of ASTM D1557, Standard Test
Methods for Laboratory Compaction Characteristics of Soil Using Modified Effort
(56,000 ft-Ibf/ft3 [2,700 kN-m/m?3]), maximum density, with the design requirements for
the various loads and gear configurations that the pavement is expected to support to
evaluate the base, subbase, and subgrade from the standpoint of future compaction.
When the in-place density of a layer is appreciably lower than that required, assume
that traffic will densify the layer in time. Density requirements at various depths are
discussed in UFC 3-260-02.

6-4.5.3 Selection of Evaluation CBR Value.

Consider the effect of further compaction on strength of base and subgrade. Some
cohesive soils, when highly saturated, potentially develop pore pressures under traffic of
heavy wheel loads and show serious loss of strength. Compare the in-place density and
moisture contents with those of the laboratory compaction tests made at three
compaction efforts to determine if there is potential for strength loss. These data are
used to determine the line of optimums illustrated in Figure 6-4 by a line drawn through
the three optimum moisture contents. Pore pressure seldom develops unless the
moisture and density results fall to the right of the line of optimums. When this occurs, it
is likely that future compaction will produce pore pressures. For example, consider point
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A plotted in Figure 6-4 at a moisture content of 16 percent and a density of 103 pounds
per cubic foot (1,651 kilograms per cubic meter). Assume this represents a subgrade
that has 95 percent of ASTM D1557 maximum density. If further compaction occurs, the
density will increase to approximately 105 pounds per cubic foot (1,682 kilograms per
cubic meter) (point A’ on the curve for 26 blow effort). Since this is to the left of the line
of optimums, no pore pressures will develop. If the subgrade had a moisture content of
18 percent (point B), the increased compaction would cause the density to be plotted to
the right of the line of optimums (B’) and pore pressures would result. The CBR that
would develop under this condition could be estimated from laboratory CBR tests in
which the material was compacted to the same density and moisture content.

Figure 6-4 Line of Optimums
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It is not necessary to lower the load-carrying capacity of the facility below that derived
based on thickness and CBR because compaction does not meet specifications.
However, if the measured densities are considerably less than those specified, the
deterioration of the pavement may be high, resulting in a decrease in service life. Note
that materials of low density combined with low moisture content may not densify under
traffic, but subsequent increases in moisture content will permit densification. There
may be possible settlement due to densification in the evaluation of pavements being
subjected to channelized and heavy wheel-load traffic. In the case of cohesive materials
that may develop pore pressures and a loss in strength, consider a lower CBR when
evaluating allowable aircraft loads.

80



UFC 3-260-03
21 August 2023

6-5 EVALUATIONS IN ARID REGIONS.

The danger of saturation beneath flexible pavements is reduced when the annual
rainfall is less than 15 inches (381 millimeters), the water table (including perched water
table) is at least 15 feet (5 meters) below the surface, and the water content of the
subgrade will not increase above the optimum as determined by the ASTM D1557
compaction test. Under such conditions, the total design thickness of the pavement,
when based on a soaked CBR, can be reduced 20 percent. This reduction is subtracted
from the thickness of the select material or the subbase course having the lowest
design CBR value. Therefore, when flexible pavements are evaluated using a soaked
CBR value, the total thickness above the subgrade is increased 25 percent before
entering the evaluation curves. This increase in thickness is added to the select
material, or the subbase course having the lowest CBR, or to the same layer in which
the reduction was made in the design analysis. This increase in thickness does not
apply for evaluations using in-place data.

6-6 EVALUATION FOR FROST CONDITIONS.

If the existing soil, water, and temperature conditions are conducive to detrimental frost
effects in the base-course, subbase, or subgrade materials, then the pavement
evaluation is based on criteria for frost areas as given in Chapter 8.
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CHAPTER 7 RIGID PAVEMENT EVALUATION USING THE K PROCEDURE
71 PERFORMANCE CRITERIA.

This chapter presents criteria for evaluating rigid pavements using the Westergaard
solution that uses medium-thick plate theory and treats the combined support of the
base, subbase, and subgrade as a bed of independent springs (Winkler's Foundation)
represented by the Modulus of Subgrade Reaction (k). Chapter 3 outlines how to use
plate bearing tests or dynamic cone penetrometer (DCP) test data to determine the k
value.

7-2 FACTORS LIMITING LOAD-CARRYING CAPACITY.

Jointed, plain PCC pavements are evaluated using stresses due to edge loading of a
slab. Either first crack or shattered slab failure criteria are used for rigid pavements as
described below. The Service dictates which criterion it uses in its evaluations.

7-2.1 Standard Evaluation Failure Criterion.

First crack failure (sometimes referred to as initial failure or standard failure) means that
50 percent of the slabs in a sample or section are cracked into two or three pieces.

7-2.2 Shattered Slab Failure Criterion.

Shattered slab failure (sometimes referred to as extended life failure) means that 50
percent of the slabs in a sample or section are cracked into approximately six pieces or
when 50 percent of slabs are cracked into four pieces and cracks are medium or high
severity.

7-2.3 Basis of Load-carrying Capability.

The load-carrying capability of rigid pavements depends on the thickness and flexural
strength of the PCC surface layer and the support in terms of the modulus of subgrade
reaction (k) value provided by the base, subbase, and subgrade. Long-term rigid
pavement system performance depends on many elements, including PCC and
stabilized base material durability, unbound material and subgrade gradations, moisture
content and density, and regional climatic effects such as freezing and thawing.

7-2.4 Surface Condition

Assume a rigid pavement has lost some structural capability when the PCl is less than
or equal to 40 (VERY POOR, SERIOUS, or FAILED). When this occurs, reduce the load
on the section by 25 percent.

7-2.5 Load Transfer.

The rigid pavement analysis procedure assumes a 25 percent load transfer across
joints from aggregate interlock in sawn joints or by dowels. When testing (by FWD)
indicates inadequate joint load transfer, change the percent load transfer. This change
recalculates the joint deflection ratio and increases the maximum edge stress to a
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maximum of 100 percent. The effect of this change is an allowable load reduction to 25
percent.

7-2.6 Combined Load Reduction.

Any allowable aircraft load reduction is based on engineering judgment, but there is
typically no combined load reduction for both PCl and load transfer. The engineer must
investigate all possible sources of pavement engineering data to ensure that site
conditions, including field and laboratory test results, are consistent with proposed
reductions in allowable loads.

7-3 RIGID PAVEMENT (K) EVALUATION PROCEDURE.

The Westergaard (k) evaluation procedure applies to rigid pavements. It analyzes the
critical tensile stresses produced within the slab by the vehicle loading. It uses layer
properties determined from in situ measurements to compute allowable loads for a
selected number of aircraft passes, allowable passes at a specified load, and the
Pavement Classification Number (PCN). When the pavement structure cannot support
the defined pass level and aircraft load, determine overlay requirements to strengthen
the pavement when desired. The following paragraphs present a step-by-step
procedure for evaluating a pavement section using the Pavement-Transportation
Computer Assisted Structural Engineering (PCASE) Airfield Pavement Evaluation (APE)
module that implements the CBR criteria. Repeat Steps 2 through 5 of this process for
each section evaluated. More detailed information on PCASE is available in the PCASE
User Manual.

7-3.1 Step 1 — Create a New Evaluation.

Open the PCASE Evaluation Checklist to create a new evaluation using the Evaluation
Manager. Define the Service, climate data, evaluation traffic, and rigid failure criteria for
the evaluation, then assign the inventory sections included in the evaluation.

Figure 7-1 Evaluation Checklist
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7-3.2 Step 2 - Input Pavement Layers and Thickness.

Open the APE module, edit the default layer structure, and enter the pavement
thickness. Determine the in-place thicknesses of PCC pavement to the nearest 0.25
inch and underlying unbound layers to the nearest inch by testing or from construction
data when testing is not possible. Layer thickness testing can include measurements
from coring, DCP, soil boring, GPR, or a combination of these tests. The number of
tests required varies based on the area and use of the pavement as well as the
uniformity of the structure. When the layer thicknesses vary for a given section, evaluate
the section using different models that replicate field observations, but only report the
controlling evaluation for the facility. Repeat this process for each section.

7-3.21 Stabilized Base Equivalent Thickness

When a pavement structure contains a stabilized base layer, determine the modulus of
elasticity and thickness of the stabilized layer. The modulus of elasticity of the stabilized
layer is more difficult to determine than the PCC layer. If the stabilized layer is a high-
quality lean concrete or cement-stabilized layer, assign it a modulus value of 1,200,000
psi (8274 MPa). If the stabilized layer is lower quality, such as a lime or asphalt
stabilized layer, assign it a modulus value of 500,000 psi (3447 MPa). Use the following
equation to determine the equivalent thickness of the combined PCC and stabilized
layers. Use this equivalent thickness value (he) with the PCC flexural strength and the
modulus of subgrade reaction, k, of the material below the stabilized base layer in the
analysis. PCASE automates this procedure.

Equation 7-1. Equivalent Thickness

1.4

Es
h, =14 |[(h. )4+ 3 (—)hs

E.
Where:
he = thickness of plain PCC equivalent to the combined PCC and stabilized base
layer thicknesses, inches
he = thickness of PCC pavement, inches
hs = thickness of stabilized base layer, inches
Ec = modulus of elasticity of PCC. The modulus values that are used in PCASE can

be modified, based on engineering judgment. However, the UFC and PCASE
should be consistent unless there is evidence to suggest otherwise.

Es = modulus of elasticity of the stabilized base layer, psi. Estimate from Table 7-1
or calculate using deflections resulting from ASTM D1635.
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Table 7-1 E Values for Pavement Materials (Guide When E is not Available)

Material Range (psi) Typical Modulus (psi)
Portland cement concrete | 3,000,000 — 6,000,000 | 4,000,000
Cement-treated bases 1,000,000 - 3,000,000 2,000,000
Soil cement materials 50,000 - 2,000,000 1,000,000
Lime-fly ash materials 500,000 - 2,500,000 1,000,000
Granular bases 40,000 — 100,000 60,000
Stiff clay 7,600 — 17,000 12,000
Medium clay 4,700 - 12,300 8,000
Soft clay 1,800 — 7,700 5,000
Very soft clay 1,000 — 5,700 3,000
7-3.2.2 Poisson’s Ratios of Pavement Materials

Table 7-2 shows typical values for Poisson’s ratios for different pavement materials.

Table 7-2 Poisson’s Ratios for Pavement Materials

Material Range Typical Value
Hot mix asphalt 0.30-0.40 0.35
Portland cement concrete | 0.15 - 0.20 0.15
Untreated granular base | 0.30-0.40 0.35
gaesrzent—treated granular 0.10 — 0.20 015
Cement-treated fine soils | 0.15—-0.35 0.25
Lime-stabilized materials | 0.10 — 0.25 0.20
Lime-fly ash mixtures 0.10-0.15 0.15
Loose sand or silty sand | 0.20 - 0.40 0.30
Dense sand 0.30-0.45 0.35
Fine-grained soils 0.30-0.50 0.40
Saturated soft clays 0.40-0.50 0.45
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7-3.3 Step 3 — Input the PCC Flexural Strength.

Enter the flexural strength for each PCC layer using the guidance below. Repeat the
process for each section

7-3.31 PCC Flexural Strength, Mr Based on Testing.

Determine the representative Mr value using the results of split tensile tests or by
conducting flexural strength beam tests. The Mr value used for each section in the
evaluation is the arithmetical mean of all Mr values as described in Appendix A. Do not
discard high or low results unless it is established that results were erroneous because
the sample was defective or due to incorrect test procedures. In special instances the
evaluating engineer may use a slightly lower or higher value that is more representative
of existing conditions. Round the flexural strength to the nearest 5 psi (0.03 MPa), limit
the maximum flexural strength for individual tests to 850 psi (5.9 MPa), and the average
flexural strength to 800 psi (5.5 MPa) when reporting physical property data (PPD) and
modeling.

7-3.3.2 PCC Flexural Strength, Mr Based on Construction Data.

For evaluations based on design or construction data, the representative Mr value is
the arithmetical mean of the Mr values obtained in the construction-control beam tests.
Disregard small changes in mix design necessary during construction to obtain the
design strength when selecting representative Mr values. However, if there is a design
strength change that necessitated a change in mix design, consider this change and a
representative Mr value obtained for each facility for which the design strength was
changed.

7-3.3.3 PCC Flexural Strength, Mr When No Data is Available.

When there is no test, design, or construction data available for an evaluation, assume
a 650-psi (4.5-MPa) flexural strength when probability of construction quality control is
high and 600 psi (4.1 MPa) when it is not.

7-3.4 Step 4 — Input Soil Layer Strength (k) Values.

Determine the subgrade and overlying subbase and base courses strengths by means
of plate bearing tests described in CRD-C655, Standard Test Method for Determining
the Modulus of Soil Reaction, and ASTM D1196, Standard Test Method for
Nonrepetitive Static Plate Tests of Soils and Flexible Pavement Components for Use in
Evaluation and Design of Airport and Highway Pavements, or DCP tests described in
TM 3-34.48-2, Appendix G. Use construction data in conjunction with testing or when
testing is not possible. The test results from an individual test pit or from multiple DCP
test are seldom uniform; therefore, analyze the data carefully as described in Chapter 3
to determine reasonable k values to use for the evaluation.
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7-3.41 Determining Representative k Values.

Compute an average k value for each pavement section, limiting the maximum k value
to 500 psi/inch (13,840 grams per cubic centimeter) for evaluations. When the average
k value exceeds 200 psi/inch (5,536 grams per cubic centimeter), round down to the
nearest 25 psi/inch (692 grams per cubic centimeter). When it is less than 200 psi/inch
(5,536 grams per cubic centimeter), round down to the nearest 10 psi/inch (277 grams
per cubic centimeter). When test results are considerably higher or lower than the
average of most values, conduct a thorough study of foundation conditions to determine
whether the test was erroneous or whether the foundation is non-uniform. If the test is
erroneous, discard the unusually high or low value. If the foundation is non-uniform,
conduct more testing to select a representative k value. Do not make a saturation
correction for k values since the material has likely reached an equilibrium moisture
content.

7-3.4.2 Determining k Values with Plate Bearing Tests.

The plate bearing test procedures as described in CRD-C 655 and ASTM D1196 are
the preferred methods to determine k values. However, existing pavement must be
removed to create a test pit to conduct a plate bearing test. Operational considerations
typically limit the ability to do a plate bearing test during an evaluation but will be used
when the geotechnical work is for a specific project design.

7-3.4.3 Estimating k Values with DCP Tests.

When operational limitations prevent performing a plate bearing test for an evaluation,
use the DCP test discussed in Chapter 3. The CBR is correlated to the k value for each
layer using Figure 7-2 (based on Equations 7-2 through 7-4) and these values are used
to determine the effective k at the bottom of the slab as described in the effective k
procedure below. When performing DCP testing in conjunction with HWD testing, the
volumetric k from HWD testing can be compared with the effective k derived from the
DCP test as a checkpoint to determine the reasonableness of the k value. Note that k
values derived from either of these procedures should be used with caution since CBR,
volumetric k, and k values derived from plate bearing testing are fundamentally different
soil engineering properties with poor correlations for many real-world cases.

Equation 7-2. CBR to k Coarse Grained Non-Plastic Subgrade Material
k = 129.58076 * CBR®® - 5.49306 * CBR - 242.93236
Equation 7-3. CBR to k Fine Grained Subgrade Material with LL < 50
k = 60.2282 x CBR%S + 2.1854046 * CBR - 11.245482
Equation 7-4. CBR to k Fine Grained Subgrade Material with LL > 50

k =20+ CBR
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Where:
k = Modulus of Subgrade Reaction
CBR = California Bearing Ratio

Source: ERDC/GSL TR-12-20
7-3.4.4 Procedure to Determine Effective k Values.

Determine the k value for each layer in the pavement structure by inputting the CBR
results from the DCP test into Equation 7-2, 7-3, or 7-4, depending on the material type.
Figure 7-2 is derived from these equations. Determine the effective k for each layer
using Figures 7-2 through 7-8. Compare the effective k for each layer to the k for each
layer determined by Figure 7-2 and use the lower value for computing the effective k of
the next layer. This process is automated in the PCASE APE module.

Figure 7-2 Estimation of K values from CBR

Correlation of CBR to K
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7-3.4.5 Determine Layer Structure and CBR Values from DCP Test.
Using the following layer structure, determine k and effective k values.

. Base course is 8 inches (203 millimeters) thick with a CBR = 85
. Subbase 1 is 6 inches (152 millimeters) thick with a CBR = 55

. Subbase 2 is 8 inches (203 millimeters) thick with a CBR = 30

. Subgrade CBR =10
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7-3.4.5.1 Step 1 - Determine k Value for Each Layer Using Figure 7-2.

Use Figure 7-2 to determine the k values for the subgrade, subbase 1, subbase 2, and
base course to compare with tentative k values at the top of each of these layers as
shown in Figure 7-3.

Figure 7-3 CBR to k Conversion Profile

PCC Surface Layer

8” Base Course @ 85 CBR = 475K

6” Subbase 1 @ 55 CBR = 410K

"\ 8" Subbase 2 @ 30 CBR = 300K

" | Subgrade @ 10 CBR - 200K
Step 1. Convert the CBR of each layer to K J

7-3.4.5.2 Step 2 - Determine Effective k for Subbase 2.

Use Figure 7-4 to determine effective k for layers with CBR values < 50. Results for this
step are show in Figure 7-5.

90



UFC 3-260-03
21 August 2023

Figure 7-4 Determine Effective k for Subbase 2
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Figure 7-5 Effective k Subbase 2 Profile

i
«| PCC Surface Layer

8" Base Course @ 85 CBR = 475K
6” Subbase 1 @ 55 CBR = 410K

* |(8”|subbase 2 @[30 CBR = 300K = 230 effk
Subgrade @ 10 CBR = 200K

Step 2. Start with bottom layer:
Determine the effective K (230) of this layer (SG) based upon the
strength and thickness (8”) of the layer (SB 2) immediately above it
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7-3.4.5.3 Steps 3 & 4 - Determine Effective k for Subbase 1.

Use Figure 7-6 to determine effective k for layers with CBR values 50 < CBR < 70.
Results for this step are show in Figure 7-7.

Figure 7-6 Determine Effective k for Subbase 1
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Figure 7-7 Effective k Subbase 1 Profile

| PCC Surface Layer

8” Base Course @ 85 CBR

@Subbase 1 @

8” Subbase 2 @ 30 CBR

4 Subgrade @ 10 CBR

Step 3. Compare the k values (300 and 230) at the top of SB 2 and continue
upward with the lowest one (230):

Step 4. Determine the effective K (268) of this layer based upon the strength
and thickness (6”) of the layer (SB 1) above it

=475K
=410K = 268 effK
= 300K =230 effK
= 200K

7-3.4.5.4

Steps 5 & 7 - Determine Effective k for Base Course.

Use Figure 7-8 to determine effective k for layers with CBR values 70 < CBR <90.
Results for this step are shown in Figure 7-9. Use the lower of the measured k or
computed effective k. In this case, use 435 pci to evaluate the structure.
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Figure 7-8 Effective k Base Course Determination
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Figure 7-9 Effective k Base Course Profile

“&| PCCSurface Layer

Base Course @ =475K

6" Subbase 1 @ 55 CBR =410K

=340 eff K

| 8” Subbase 2 @ 30 CBR = 300K =230effK

Subgrade @ 10 CBR = 200K

Step 5. Compare the K values (410 and 268) at the top of SB 1 and continue
upward with the lowest one (268):

Step 6. Determine the effective K (340) of this layer based upon the strength
and thickness (8”) of the layer (BC) above it

Step 7. Compare the eff K values of the layers immediately beneath the PCC (in this
case 475 and 340) and use the lowest eff K (340) to evaluate the PCC
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7-3.4.5.5 Effective k Crushed Stone Base Course.

While not used in the example problem, the set of curves in Figure 7-10 are used to
determine the effective k when the material is crushed stone (CBR 100).

Figure 7-10 Effective k Crushed Stone Base Course Determination
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7-3.5 Rigid Pavement Analysis.
7-3.5.1 Westergaard (k) Evaluation Procedure.

Once the thickness, flexural strength, and k values are selected for the respective
layers, use these values to determine the critical tensile stresses produced within the
slab by the vehicle loading based on the Westergaard procedure and assuming
constant tire pressure. Note that results using the current criteria will differ from earlier
criteria given that the procedure now assumes constant pressure rather than constant
contact area used in past versions of this UFC. The objective of the analysis is to
determine the allowable load and allowable passes for the structure. PCASE automates
the analysis procedure outlined in this chapter and in Appendix D. The procedure for
generating aircraft curves using the current criteria is in TSPWG M 3-260-03.02-19.
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7-3.5.2 Procedure for Determining Allowable Gross Load (AGL).

The inputs for this analysis are the traffic mix with the load and number of passes for
each vehicle in the mix defined, the pavement structure, and the traffic area. Determine
the controlling/representative vehicle and equivalent passes based on one of the traffic
analysis procedures outlined in Chapter 4. Compute the design factor based on the
flexural strength and load transfer. Perform the allowable coverages calculation using
the Westergaard (k) procedure to determine the free edge bending stress for the
pavement structure. The bending stress is based on the controlling/representative
vehicle load and the design factor. Then use the allowable coverages to compute the
cumulative damage factor (CDF). If the CDF is less than 1, increase the Gross load and
repeat the analysis procedure. If the CDF is greater than 1, decrease the load and
repeat the analysis procedure. When CDF equals 1, use that value for the AGL. See
Appendix D for details on this procedure.

7-3.5.3 Procedure for Determining Allowable Passes.

The inputs for this analysis are the traffic mix with the load and number of passes for
each vehicle in the mix defined, the pavement structure, and the traffic area. Determine
the controlling/representative vehicle and equivalent passes based on one of the traffic
analysis procedures outlined in Chapter 4. Perform the allowable coverages calculation
using the Westergaard (k) procedure with the free edge bending stress calculated for
the pavement structure based on the controlling/representative vehicle load and the
design factor that is computed based on the flexural strength and load transfer. See
Appendix D for details on this procedure.

7-4 REINFORCED CONCRETE PAVEMENTS.

The process and data required to evaluate reinforced concrete pavements is essentially
the same as those for plain concrete pavements, except the percent steel is also
required.

7-4.1 Reinforcing Steel.

The reinforcing steel in a reinforced concrete pavement is normally located at or above
the neutral axis of the pavement section. If the steel is below the neutral axis, it affects
the determination of the flexural strength and the static modulus of elasticity in flexure.
Therefore, when the reinforcing steel falls below the neutral axis in a test beam, turn the
beam over and test it with the reinforcing steel above the neutral axis. The split tensile
test cannot be performed on a core with reinforcing steel although it may be possible to
obtain a core to test with no reinforcing steel. If the pavement is thick enough, saw the
core just below the reinforcing steel and perform the split tensile test on the lower, non-
reinforced portion.

7-4.2 Reinforced PCC Evaluation Procedure.
Determine the percentage of steel reinforcement S per foot of pavement cross-sectional

area using Equation 7-5 then use Figure 7-11 to convert the existing reinforced
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pavement thickness (hr) to an equivalent thickness (he) of plain concrete pavement and
calculate the load-bearing capability using plain concrete equivalent thickness.

Equation 7-5. Steel Reinforcement Required

s=4x199
4,
Where:
As = cross-sectional area of the reinforcing steel per foot of pavement width or
length, square inches
Ap = cross-sectional area of pavement per foot of pavement width or length, square
inches

7-4.21 Determine Equivalent Plain PCC Thickness of Reinforced PCC.

Compute the percent steel in both the longitudinal and transverse directions. Typically, it
will be the same in both directions, but if there is a difference, use the smaller value.
Next, enter Figure 7-11 with the known value of hy, thickness of reinforced PCC
pavement. Make a vertical projection and extend it until it intersects the diagonal line
representing the computed value of S. Then make a horizontal projection to the left until
it intersects the scale line representing the value for he, thickness of plain PCC
equivalent that would have the same load-carrying capacity as the reinforced concrete
pavement. When S is less than 0.05, he will equal hr. When S is greater than 0.5, use
the diagonal line representing S = 0.5 percent to determine he.
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Figure 7-11 Reinforced to Plain PCC, Equivalent Thickness
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7-4.2.2 Evaluating Reinforced PCC Overlay or with Stabilized Base.

Determining the equivalent thickness of a reinforced PCC overlay is a two-step process.
First, determine the equivalent plain PCC thickness, then determine the equivalent
thickness using the fully, partially, or unbonded overlay equivalent thickness calculation
described in paragraph 7-4. When a reinforced concrete pavement is placed over a
stabilized layer, determine the equivalent thickness of plain concrete pavement as
described above using Figure 7-11, then determine the equivalent thickness he of the
PCC and stabilized layer using Equation 7-1. See reinforced PCC equivalent thickness
calculation examples in the PCASE Getting Started module and User Guide.

7-5 RIGID OVERLAY ON RIGID PAVEMENT.

The first step in rigid pavement structure with rigid overlay(s) is determining the
equivalent thickness of the combined pavement structure. The equivalent thickness is
defined as a single thickness of plain concrete pavement with the same load-carrying
capacity as the combined thickness of the rigid overlay(s) and the rigid base pavement.
Overlay equivalent thickness calculation examples are provided in the PCASE Getting
Started module and User Guide.
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7-51 Determining Equivalent PCC Thickness of a Rigid Overlay.

The condition of the base pavement is a key input in determining the equivalent
thickness. Structural distresses in the base slab will migrate through the overlay so if the
overlay pavement only has minimal structural defects (e.g., reflected longitudinal and
transverse cracking as opposed to joint reflective cracking), it is an indication the base
pavement is still in good condition. FWD testing or evaluation data from prior to the
overlay can also help discern the condition of the base slab and strength of underlying
surface layers. Start at the bottom of the structure and determine the equivalent
thickness of the base pavement and overlay using the appropriate equation for the
overlay type. If there is more than one overlay, use that equivalent thickness and the
next overlay to determine the combined equivalent thickness. Continue this procedure
with any remaining overlays. When there is variability in the base slab and overlay
thicknesses across a section, use the average thickness of each layer in the section to
determine the equivalent thickness.

7-5.1.1 PCC Overlay Condition Factors.

Estimate the rigid overlay condition factor (Cr) based on the current surface condition
(PCI) and percent of load-related distresses that are used to compute the structural
condition index (SCI). PCASE computes the Cr value, but if PCI data is not available,
use the recommended Cr values below. In addition, use the values below when it is not
possible to visually determine the condition of the existing base PCC slab. The
relationship between the SCI and Cr is shown in Figure 7-12. An SCI of 100 indicates
good condition and an SCI of 0 indicates poor condition.

. Cr =1.00 for base PCC in very good condition. There are no structural or
reflective cracks in the rigid overlay. If the condition of the base pavement
cannot be determined or is unknown, do not use this value.

. Cr =0.75 for base PCC in good condition. There are a few initial cracks in
the surface PCC due to loading or reflective cracks from the base PC
slabs, but no progressive cracks.

. Cr = 0.35 for badly cracked base PCC layer. Approximately 60 percent of
the slabs in the overlay contain medium- or high-severity cracking or 50
percent of the slabs contain high-severity cracks.
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Figure 7-12 SCI — Condition Factor Relationship
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7-5.1.2 Partially Bonded PCC Overlays.

If the overlay slab was cast directly on the base slab and no effort was made to break
the bond between the overlay and the base pavement by means of a tack coat, sand,
paper, bituminous concrete, or other materials placed between the overlay and the base
pavement, treat it as a partially bonded overlay. Compute the equivalent thickness he of
the combined partially bonded overlay and base pavement using Equation 7-6.

Equation 7-6. Equivalent Thickness for Partially Bonded PCC Overlays

Iy = 144\/(}10 )1.4 +Cr( hy )1.4
Where:
ho = thickness of rigid overlay pavement, inches
C: = coefficient representing condition of rigid base PCC layer
hp = thickness of rigid base pavement, inches

7-51.3 Unbonded PCC Overlays.

If a bond-breaker layer was used between the rigid overlay and the rigid base
pavement, treat it as an unbonded overlay. Compute the equivalent thickness he of the
combined unbonded overlay and base pavement using Equation 7-7. Do not give any
thickness credit to the bond breaker layer if it is less than 4 inches (102 millimeters). If
the thickness of the bond breaker is greater than 4 inches (102 millimeters), evaluate it
as a composite pavement.

100



UFC 3-260-03
21 August 2023

Equation 7-7. Equivalent Thickness for Unbonded PCC Overlays

he=~l(ho )2+ Cr(hy )’

7-5.2 Structural Analysis Using the he Value.

After determining the he value using Equation 7-6 or 7-7, determine the weighted
average flexural strength (R) of the overlay and base pavement using Equation 7-8 and
use these values to determine the load capability the same as a plain PCC pavement.

Equation 7-8. Weighted Average Flexural Strength

ho + hb
Where:
ho = thickness of overlay
R, = flexural strength of overlay
hy = thickness of base slab
Ry = flexural strength of base slab
7-6 FLEXIBLE OVERLAY ON RIGID PAVEMENT.

First determine if the flexible (e.g., asphalt) overlay meets the structural design
(minimum thickness) requirements in UFC 3-260-02. Thin overlays used to correct
surface defects are not given structural credit. When the overlay meets minimum
thickness requirements, the procedures outlined below recommend evaluating the
pavement as both a rigid and flexible structure and using the method that yields the
higher AGL. Use the procedures in Chapter 6 and treat the base slab as a base course
for the flexible analysis. For the rigid pavement analysis, determine the equivalent
thickness he of the combined pavement structure. The equivalent thickness is defined
as a single thickness of plain concrete pavement with the same load-carrying capacity
as the combined thickness of the flexible overlay(s) and the rigid base pavement.
Overlay equivalent thickness calculation examples are provided in the PCASE Getting
Started module and User Guide.

7-6.1 Determining Equivalent PCC Thickness of a Flexible Overlay.

Just as with a rigid overlay, the condition of the base pavement is a key input in
determining the equivalent thickness. In addition, the degree of cracking allowed in the
base slab is also required for the equivalent thickness computation. Start at the bottom
of the structure and determine the equivalent thickness of the base pavement and
overlay using the appropriate equation for the overlay type. If there is more than one
overlay, use that equivalent thickness and the next overlay to determine the combined
equivalent thickness. Continue this procedure with any remaining overlays. When there
is variability in the base slab and overlay thicknesses across a section, use the average
thickness of each layer in the section to determine the equivalent thickness.

101



UFC 3-260-03
21 August 2023

7-6.1.1 Flexible Overlay Condition Factor.

Estimate the flexible overlay condition factor (Cv) based on the current surface condition
(PCI) and percent of load-related distresses, which are used to compute the SCI.
PCASE will compute the Cb value, but if PCI data is not available or if it is not possible
to visually determine the condition of the existing base PCC slab, use the recommended
Cb values below. The relationship between the SCI and Cb is shown in Figure 7-11. An
SCI of 100 indicates good condition and an SCI of 0 indicates poor condition:

o Cb = 1.0 Use if there are no reflective distresses on the asphalt surface
and it is positive that the base pavement is in good condition.
J C» = 0.8 Use if there are only join