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FOREWORD

This report is one volume of a two-volume set of interim reports documenting a
comprehensive evaluation of jointed concrete pavement design and analysis
models. The capabilities and Timitations and a sensitivity analysis of the
various design and analysis models are given. New prediction models were
developed for Present Serviceability Rating, longitudinal cracking, transverse
joint faulting, transverse cracking (joint plain concrete pavement only) and
transverse joint spalling.

Volumes I, IV and V document the performance of 95 experimental or other in-
service pavements in United States or Canada. These volumes have been
previously distributed. Volume III (Summary of Research Findings) and the
Technical Summary will be given widespread distribution in the near future.
This report will be of interest to those involved in the design, construction
and maintenance of jointed concrete pavements.

Sufficient copies of this report are being distributed by FHWA memorandum to
provide one copy to each FHWA Region and Division and two copies to each State
highway agency. Direct distribution is being made to the Division offices.
Additional copies for the public are available from the National Technical
Information Service (NTIS), U. S. Department of Commerce, 5285 Port Royal
Road, Springfield, Virginia 22161. A small charge will be imposed for each

copy ordered from NTIS.
Jr., P.E

Thomas J. Pasko, , P.E.
Director, Office of Engineering and
Highway Operations Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof. The contents
of this report reflect the views of the contractor, who is responsible for the
accuracy of the data presented herein. The contents do not necessarily
reflect the official policy of the Department of Transportation. This report
does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers.
Trade or manufacturers’ names appear herein only because they are considered
essential to the object of this document.
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APPENDIX C

SYNTHESIS OF CONCRETE PAVEMENT DESIGN
METHODS AND ANALYSIS MODELS

PART I. REVIEW OF SELECTED DESIGN AND ANALYSIS MODELS
1. INTRODUCTION

The proper analysis and design of rigid pavements is critical to their
performance. . A number of design methods and analysis procedures for rigid
pavements have been developed over the past several years. Each of the models
and methods were developed to account for a variety of different effects such as
environmental conditions, response to traffic loading, drainage, and various design
parameters (e.g., dowel bars, shoulders, joint spacing, slab thickness, subgrade
support, and many others).

This document provides an evaluation of 19 rigid pavement design methods
and analysis procedures which was performed to assess their adequacy and
sensitivity to key variables. The evaluations were based on the results of
sensitivity analyses, program documentation, suitability of the procedure for
meeting contract objectives, and other criteria. Recommendations are presented
regarding the models which are to be used in future analysis.

2. EVALUATION OF THE ANALYSIS AND DESIGN MODELS

The following analysis models and design procedures were reviewed under
this contract:

. RISC . JSLAB

. ILLISLAB . H-51

. WESLIQID . WESLAYER

. JSC-1 . JCP-1

. AASHTO (DNPS-86) . RPS-3

. PCA . California Rigid Design
. PMARP . PEARDARP

. PREDICT . BERM

d CMS . Liu-Lytton Drainage

. JRCP4

The documentation was obtained for each of these procedures and models and
extensive sensitivity analyses were conducted to determine their suitability to fulfill
the project objectives. The capabilities and limitations of each of the programs are
listed in sections 3 and 4.



The details of the sensitivity analysis are contained in the subsequent parts
of the report and the results are summarized herein. : '

Part II includes details pertinent to the construction of the finite element
meshes that were used in the testing of the finite element programs. A
cross-section of the standard pavement section used in the analyses is illustrated in
figure 1. A 9-in (229 mm) PCC slab over a 5-in (129 mm) unbonded lean concrete
base was chosen. The section has dowels across the transverse joints and tied
concrete shoulders. Table 2 provides the range of variables used to evaluate the
pertinent design features. Tables 3 through 5 provide the inputs used for the
standard section. The finite element meshes required to run each program are
shown in figures 2 through 13. The load configuration for the H51 program is
illustrated in figure 14.

Part III presents summaries of the inputs and outputs required for all of the
programs and procedures under consideration. Tables 6 through 21 are detailed
lists of the inputs required to use each program or procedure and the outputs
. produced. Tables 22 through 31 contains lists of the methods of obtaining each
input for the recommended programs.

Part IV summarizes the results of hundreds of computer runs and design
procedure calculations in the form of tabular sensitivity analyses. The results of
these analyses are shown in tables 32 through 64 and figures 15 and 16.

3. CAPABILITIES AND LIMITATIONS OF ANALYSIS MODELS

ILLISLAB

ILLISLAB is a finite element program, based on medium-thick plate theory,
developed at the University of Illinois for the Federal Aviation Administration
(FAA) for the structural evaluation of one- or two-layer concrete pavements."*?

Capabilities
ILLISLAB has the following capabilities:

¢ Various types of load transfer systems, such as keyways, dowel bars,
aggregate interlock, or a combination of dowels and aggregate
interlock can be considered at joints and cracks. Nonuniformly-
spaced dowel configurations may be considered.

d A second pavement layer such as an overlay (bonded and unbonded)
or a base course layer may be modeled.

N Multiple wheel loads in any configuration located anywhere on the
slab may be modeled.



A combination of slabs such as multiple traffic lanes, traffic lanes and
shoulders, or a series of transverse cracks may be modeled.

Variable subgrade support conditions including complete loss of
support at any location or combination of locations beneath the slab
may be considered.

Concrete shoulders with or without tie bars may be considered.

Concrete slabs of varying thicknesses and strength properties and
subgrade soil of varying strength may be modeled.

A choice of four distinct subgrade models may be specified. These
include Winkler (dense liquid), Vlasov (two-parameter system),
Boussinesq (elastic solid), and the resilient subgrade formulation.

A linear thermal gradient may be modeled to examine slab curling
stresses. The ability to model a nonlinear thermal gradient through
the slab is currently being investigated at the University of Illinois.

Limitations

The significant limitations of ILLISLAB are listed below:

Jointed reinforced concrete pavements JRCP) and continuously
reinforced concrete pavements (CRCP) may be modeled only
indirectly.

A maximum of only two pavement layers in addition to the subgrade
may be modeled.

Moisture effects are not considered, although the moisture gradient
can be modeled as an effective thermal gradient.

Climatic variables, with the exception of the thermal gradient, are not
considered.

The drainability of the pavement section is not considered.
The cumulative effects of traffic are not considered.
Only circular dowels may be modeled.

All transverse joints and/or cracks must have identical load transfer
mechanisms.



. All longitudinal joints and/or cracks must have identical load transfer
mechanisms. ~

. Only a center-loaded, single-slab system may be considered with the
Vlasov and Boussinesq subgrade options.

JSLAB

JSLAB is a finite element program developed by the Portland Cement
Association (PCA) to model jointed concrete pavements.“”

Capabilities

The basic assumptions of JSLAB are very similar to those of ILLISLAB.
JSLAB has identical capabilities to ILLISLAB with the exception of the choice of
subgrade formulations. JSLAB uses the Winkler subgrade formulation exclusively.
JSLAB has these added capabilities:

. Nonuﬁiformly spaced and noncircular dowels may be modeled.

' Slab warping due to a linear top-to-bottom variation in slab moisture
content for one-layer pavement systems may be considered as
converted to an equivalent thermal gradient.

Limitations

The significant limitations of JSLAB include those listed in the ILLISLAB
discussion excluding those concerning moisture effects, noncircular dowels, and the
various subgrade formulations. Other significant limitations to the program are
listed below:

d The principal bending stresses are not calculated.

d The vertical stress on the subgrade is not calculated.

. Only a one-layer pavement system with a uniform thickness can be
analyzed when a thermal or moisture gradient through the slab is
considered.

. Calculation of thermal curling stress typically requires three or more

separate runs of the program and manual subtraction of the results.

. The combination of a weighted slab with thermal gradient and an
applied load will does not execute and results cannot be obtained.



The effects of a thermal gradient applied to two or more slabs with
any degree of load transfer requires considerable knowledge of the
development and theory behind the program.

When vertical slab displacements are specified, applied loads cannot
be located at that particular node or over any element adjacent to that
node.

The JSLAB program is based on an early version of the ILLISLAB
program. This version of the program was shown to have errors in
the stiffness matrix which, in term, cause errors in the deflection and
stress calculations.?

Only a Winkler subgrade option is available.

WESLIQID

WESLIQID is a finite element program, based on thin plate theory,
developed by the U. S. Army Corps of Engineers Waterways Experiment Station
Geotechnical Laboratory for the analysis of concrete pavement systems subject to

multiple wheel loads and/or thermal gradients.

(5.6)

Capabilities

WESLIQID has identical capabilities to ILLISLAB with the exception of the
choice of subgrade formulations. WESLIQID uses the Winkler subgrade
formulation. WESLIQID has these added capabilities:

Partial contact of the slab with the subgrade may be modeled with or
without initial gaps (voids).

Longitudinal and transverse joints and cracks need not have the same
load transfer efficiencies. For example, the user may specify different
characteristics for the traffic lane transverse joints and the shoulder
transverse joints.

Load transfer may be modeled through use of dowel bar data, shear
and moment efficiencies, or spring constants for each joint or crack.

Subgrade stresses and strains may be modeled through use of the
Boussinesq or Burmister equations.

Limitations

The significant limitations of WESLIQID include the following:



. The input data must be carefully chosen to ensure a converging
solution. ' :

° JRCP and CRCP may not be modeled directly.
i Computer memory requirements are limiting. The accuracy of the

finite element mesh is limited by the inability of the program to
efficiently store the program data.

° The effect of temperature gradients may be considered only for
uniformly thick slabs.

d Moisture effects are not considered.

. The cumulative effects of traffic are not considered.

. The drainability of the pavement section is not considered.

. Climatic variables, with the exception of thermal gradient, are not
considered.

d A maximum of only two layers in addition to the subgrade may be
modeled.

WESLAYER

WESLAYER is a finite element program developed by the U. S. Army Corps
of Engineers Waterways Experiment Station to compute the state of stress in rigid
pavement systems based on an elastic solid subgrade formulation.®?

Capabilities

WESLAYER has capabilities identical to those of the WESLIQID program
with one exception: up to five subgrade layers may be modeled.

Limitations

WESLAYER has the identical limitations as the WESLIQID program with the
exception that only two uniformly thick slabs may be modeled with one joint
between them. This is due to the large computer storage capacity required for the
elastic representation of the subgrade. Also, the program considers only transfer
of shear stresses and assumes the moment transfer is zero at the joints.



PMARP

PMARP (Purdue Model for Analysis of Rigid Pavements) is an iterative,
nonlinear finite element program used to analyze reinforced or unreinforced
jointed concrete pavements. The procedure, developed at Purdue University, is
based on modification of the ILLISLAB program to include a fatigue damage

model."®

Capabilities

Results were obtained from the microcomputer version of PMARP dated
June 1987. The capabilities of the program are as follows:

Various types of load transfer systems, such as keyed joints, dowel
bars, aggregate interlock, or a combination of dowels and aggregate
interlock may be considered at joints and cracks.

A combination of six slabs such as multiple traffic lanes, traffic lanes
and shoulders, or a series of transverse cracks may be modeled.

Voids beneath the slab may be modeled in terms of average void
depth.

Concrete shoulders with or without tie bars may be considered.

JRCP may be modeled directly, including the reinforcement ratios in
the x- and y-directions.

The effect of cumulative traffic is considered as it effects stiffness of
the concrete slab, amount of cracking, decay of the load transfer
system, and amount of damage due to pumping.

Stress dependency of the granular layers is considered.

Limitations

The significant limitations of PMARP are listed below:

The memory requirements of the microcomputer version limit the
accuracy of the finite element mesh. The equation presented below
shows the limitations of the mesh size:

26xy* < 26,500
where:

number of node lines in the x-direction,
number of node lines in the y-direction.
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This allows for a significantly smaller number of elements than the
mainframe version. - '

A second layer in addition to the subgrade may only be modeled
indirectly though the k-value.

The effect of thermal and moisture gradients are not considered.

The effects of climate, with the exception of several correction factors
developed for the pumping model, are not considered.

Only circular uniformly spaced dowels may be modeled.

"All transverse joints and/or cracks must have identical load transfer
mechanisms.

All longitudinal joints and/or cracks must have identical load transfer
mechanisms.

CRCP may be modeled only indirectly.

The program is based on an early version of the ILLISLAB program.
Research at the University of Illinois has revealed that the errors in
the stiffness matrix cause errors in the deflection and stress
calculations.®

If the microcomputer input processor is used, several of the input
variables are misassigned, ignored, or changed.

- The reinforcement ratio in the x-direction is assigned to the
reinforcement ratio in the y-direction. The same is true for the
dowel diameter inputs.

- The largest aggregate interlock factor that the input processor
allows the user to input is 10*10%; however, the input screen
indicates values of 10*10" are to be used for keyed joints.

- The input processor changes the users values for the plate
deflection versus the resilient modulus inputs. The first two
entries are accepted while the third entry for both the
deflection and modulus is changed to 0.0.

Several of the inputs are difficult to obtain or estimate. For example,
the user is required to supply the plate deflection versus resilient
modulus for the given soil type. Also, the user is required to
estimate the average void depth beneath the slab corner.



RISC

The approach for the deterioration of load transfer based on the
number of load repetitions has not been validated. -

The use of the resilient modulus of subgrade reaction for the
characterization of the subgrade soil has not been validated.

The fatigue damage effects are based on the use of several
correlations and relationships which have not been validated.

RISC is a computer program developed by Resource International.*® The
program couples a finite element slab model, employing the theory of a flat thin
elastic shell, with an elastic solid foundation of up to three discrete layers.

Capabilities

RISC has the following capabilities:

Transverse joints may be doweled or nondoweled.

Traffic loadings may be modeled through specification of the
magnitude of the standard dual wheel truck axle for edge, corner, or
midslab locations.

A combination of slabs such as multiple traffic lanes, traffic lanes and
shoulders, or a series of transverse cracks may be modeled (up to
three slabs with shoulders).

Concrete slabs of uniform thickness and strength properties may be
modeled.

The subgrade may be modeled as a one-, two-, or three-layer system.
Environmental effects are incorporated into the model through use of
the AASHTO regional factor. The regional factor is used to modify
the traffic data.

The cumulative effects of traffic may be examined through the use of
fatigue damage equations.

Faulting of joints and cracks may be examined.

A linear thermal gradient may be modeled to examine the slab
curling stresses.



Limitations

The significant limitations of RISC are listed below:

H-51

Jointed reinforced concrete pavements (JRCP) and continuously
reinforced concrete pavements (CRCP) may be modeled only
indirectly.

The dual wheels may be placed at the edge, corner, or midslab
locations only.

Moisture effects are not considered.

Drainability of the pavement section is input as good or poor. Due
to lack of published information, the actual method of consideration
of this parameter cannot be evaluated.

Only circular, uniformly-spaced dowels may be modeled.

All transverse joints and/or cracks must have identical load transfer
mechanisms.

All longitudinal joints and/or cracks must have identical load transfer
mechanisms.

Only the maximum displacements and stresses are output.

Large computer run times are required due to the very large work
files that are generated internally.

The fatigue and faulting models have not been tested and verified.

H-51 is a computerized solution to the Pickett and Ray influence charts for

calculating the bending stress at the free edge of a loaded semi
on a dense-
Kreger.‘s'm'”’

liquid or elastic-solid foundation. The program was developed by

Capabilities
H-51 has the following capabilities:

Multiple wheel loads in any configuration consisting of a double
centerline of symmetry may be modeled.

10
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Orientation of the wheel configuration in any position with respect to
the slab edge. :

The user may input the slab thickness and the edge stress will be
calculated or the user may input the maximum allowable edge stress
and the required thickness will be generated.

Limitations

The Pickett and Ray influence charts employed in H-51 were developed for
determining stresses in a semi-infinite slab. The more significant limitations of the
program are listed below:

CMS

Jointing, slab size, and load transfer systems are not considered.
The effects of thermal and moisture gradients are not considered.
No climatic variables are considered.

Base and subbase layers are not directly considered.

Only edge stresses can be calculated.

Loss of support beneath the slab is not considered.

The cumulative effects of traffic are not considered.

Drainability of the pavement system is not considered.

Slab reinforcement cannot be modeled.

The CMS (Climatic-Material-Structural) model is a finite difference program
developed by the University of Illinois.** The program uses climatic and
material inputs to calculate temperature and moisture profiles and their variation
with time. The information is then used in the material model to calculate the
surface, base, subbase, and subgrade stiffness characteristics. This output can then
be used in the structural analysis and performance models.

Capabilities

CMS has the following capabilities:

The effects of climate and moisture are considered comprehensively.

11



. The temperature profile for the pavement system at time and depth
intervals specified by the user is calculated. 8 ‘

d The locations of frost lines in the pavement system at the specified
time are calculated.

. The moisture content for all granular layers is calculated at the
specified time.

. The resilient modulus for each node is calculated for each specified
time.

° The outputs from the CMS program may be used in any appropriate
‘structural model to obtain the required design parameters.

Limitations
CMS has the following limitations:

d Many of the input parameters, which are listed in Part III, are
obscure and difficult to obtain.

i The program is relatively difficult to use, in that numerous inputs are
required, three separate executions are required, and the
microcomputer version of the program is not interactive.

d The various output parameters must be used as input variables to an
appropriate structural model in order to obtain pavement responses
and/or design parameters.

. The output summary of input data is scattered throughout the output
file which does not allow for a quick check of input variables.

° Loss of support beneath the slab is not considered.

* The moisture model only accounts for isothermal moisture movements

from the water table into the pavement system. The subgrade cannot
receive moisture by infiltration through the surface or from adjacent
soil masses with higher pore water pressure.

. The interaction of the moisture, thermal, and materials model has not
undergone extensive testing.

Liu-Lytton Drainage Models

The Liu-Lytton Drainage program is a computerized version of the drainage
and infiltration models developed by the Texas A & M University and Texas

12



Transportation Institute (TTD)."® The program examines the effects of water
saturation of a pavement system. -

Capabilities

The Liu-Lytton models have the following capabilities:

The effect of soil type on drainage time is considered in the model.

The effects of climatic variables such as rainfall and evaporation are
considered in the model.

The infiltration of moisture through the joints and cracks in the
pavement surface is considered.

The adequacy of the subdrainage system is evaluated.

The drainage/infiltration through granular bases layers and subgrade
soil is considered in the model.

The effects of various points of water infiltration, such as surface
cracking, are considered in the model.

The loss in strength due to various moisture conditions is calculated
for the granular layers and the subgrade.

Results of the infiltration and drainage programs may be used as
inputs to various structural models for use in design.

Limitations

The Liu-Lytton Models have the following limitations:

The effect of temperature is not considered in the model.

The output summary of the input data is scattered throughout the
output file which does not allow for a quick check of input variables.
Also, only select input variable are echoed in the output file.

The "input processor” allows the user to input values that are out of
bounds.

Some of the input variables are somewhat obscure and difficult to
obtain.

13



JRCP4

Rigid pavements with a single granular layer may be evaluated. This
is limiting in the evaluation of stabilized base materials and pavement
sections with more than one granular subbase layer.

The material properties are fixed based on testing performed at TTI
for the types of material which are allowed in the program. The user
cannot input material properties for a specific design material.

The program only allows the analysis of fine-grained subgrade
material (A-4 through A-7-6).

The sign convention for the transverse slope is not defined within the
program documentation, user’s guide, or input processor.

JRCP4 is an updated computer program developed at the University of
Texas.”” The program models the stresses, strains, and movements occurring
during the early life of a jointed reinforced concrete pavement slab, resulting from
the combined effects of thermal and shrinkage movements, and frictional restraint
exerted on the slab by a supporting base.

Capabilities
The JRCP4 program has the following capabilities:

The program considers the effects of slab shortening caused by a
drop in temperature after curing.

The program considers the effect of drying shrinkage after curing.

The program predicts the stresses generated from the interaction
between the reinforcing steel and the concrete.

The stresses and strains which develop due to the movements of the
slabs as a function of time after casting.

The program considers the strength gain with time relationship of

portland cement concrete.

Limitations

JRCP4 has the following limitations:

The analysis period is the first 28 days of concrete life.

The stresses due to wheel loading are not considered.

14



. Fatigue cracking from cyclic loading is not considered.

. Stresses caused by daily temperature differentials and moisture
differentials are not included in the model.

d Shrinkage rates between the top and bottom of the slab are not
included.

4, CAPABILITIES AND LIMITATIONS OF DESIGN AND PREDICTION
MODELS

PREDICT

The PREDICT program is a computerized version of the prediction
equations developed under the NCHRP 1-19 Concrete Pavement Evaluation System
(COPES) research study. The equations were developed at the University of
Illinois.*>*1”

Capabilities

The COPES equations which are employed by the PREDICT program are
empirical models developed from a nationwide database of inservice pavements.
Models were developed for serviceability and the following distresses: pumping,
joint deterioration, joint faulting, and slab cracking. The program has the
following capabilities:

° The models consider the effects of climate.

. Drainability of the pavement section is considered in the JRCP
models.

.0 The effects of tied concrete shoulders and transverse joint load
transfer is considered in the models.

. The effect of joint spacing is considered in the JRCP models.

d The effects of reactive aggregate and various soil conditions are

considered in the models.
* The effect of steel reinforcement is considered in the models.

. The cumulative effects of traffic (ESAL) are considered in the models.

15



Limitations

PREDICT has the following limitations:

Models are empirical and usage is limited to the types of pavements
from which they were developed, primarily conventional nondrained
pavements.

Variable subgrade support conditions are not considered in the model.

The effects of joint sealant are evaluated indirectly through the
presence or absence of incompressibles in the joints.

The type and shape of the joint are not considered in the models.
The models are based on a limited number of sample projects. They

were developed for demonstration purposes and require further
refinement to be used in concrete pavement design and analysis.

PEARDARP

PEARDARP (Purdue Economic Analysis of Rehabilitation and Design

Alternatives for Rigid Pavements) is a computer program developed by Purdue
University used to analyze rigid pavement performance.®*

Capabilities
PEARDARP has the following capabilities:

The pavement sections analyzed with the PMARP program can be
further analyzed with the PEARDARP program.

A comprehensive cost analysis based on EAROMAR? is performed for
every year of the analysis program, including maintenance, user, and
rehabilitation costs.

Pavement distress predictive models for pumping, faulting, cracking,
joint spalling, roughness, and PSI for both JPCP and JRCP are
calculated yearly by the analysis program.

The effects of drainage, subbase type, sealant type, dowel bars, and
reinforcement may be evaluated in terms of the pavement
performance distress models.

The cumulative effects of traffic are considered in the model.

Several maintenance and rehabilitation strategies may be evaluated.
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d The effect of climate is directly considered in the model.
d The effect of loss of subgrade support is considered.
Limitations

The major limitations of the PEARDARP program are listed below:

d Multiple runs of the program are required to find the most timely
rehabilitation schedule.

° Several of the predictive models have not been verified.

. Dowel presence or absence is a variable, but dowel bar diameter and

dowel spacing are not variables.
. The effect of shoulders is not considered.
. CRCP cannot be modeled.

4 The program does not accept specific data values, for example, a joint
spacing of 10 ft (3.0 m) or a thickness of 6 in (152 mm).

JCP-1

JCP-1 (Jointed Concrete Pavements-1) is a computerized version of the Zero
Maintenance Design Procedure which was developed at the University of
Ilinois.”*® The design procedure is based on both theoretical studies and field
surveys.

Capabilities

The JCP-1 computer program calculates the fatigue damage and
serviceability index the input pavement sections. The Zero Maintenance design
procedure recommends required design parameters for heavily trafficked pavement
design. The procedure/program has the following capabilities:

. Serviceability /performance relationships are modeled in the procedure.
These relationships were developed based on field performance data
from the AASHO Road Test data and 10 other projects nationwide.

d The procedure considers the effect of various climatic variables,

including, precipitation, potential evapotranspiration, frost heave, and
freeze-thaw damage, through use of a regional/climatic factor.
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The procedure considers the effect of slab movement with respect to
daily temperature cycles.

The procedure considers the effect of cumulative traffic through a
comprehensive fatigue damage analysis.

Future traffic predictive equations were developed for use in the
procedure.

The effect of seasonal variation in subgrade soil is considered in the
model.

The effect of loss of support beneath the slab is modeled in the
procedure as an erodibility factor.

The procedure provides recommendations for the design of joints,
such as type, spacing, shape, sealant type, load transfer device, and
stabilized subbase. The joint spacing, load transfer efficiency, and
subbase type are input directly into the JCP-1 computer program.

The procedure recommends the use of tied concrete shoulders.

Limitations

The Zero Maintenance Procedure has the following limitations:

The procedure does not consider the effect of moisture gradient
through the slab but states that it may be considered through a -0.5
°F/in temperature gradient. (A negative thermal gradient occurs
when the top of the slab is cooler that the bottom which corresponds
a moisture condition where the top of the slab is dryer than the
bottom. These conditions contribute to the development of a tensile
stress at the bottom of the longitudinal edge of the slab midway
between the joints.) '

No validation exists for the recommendations concerning the loss of
support/erodibility factor.

The climatic/regional factor was developed empirically and it has not
been sufficiently verified.

The joint design procedures, with the exception of joint spacing, are
based on previous experience, not analytical procedures.

Variation in construction procedures and material quality are not
considered.
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. The serviceability /performance model is based on limited field data.

o The procedure may only be used for plain jointed concrete
pavements.
DNPS86

The DNPS86 (Design of New Pavement Systems - 1986) program is a
computerized version of the AASHTO design procedure which was developed in
1985 by the subcommittee on Pavement Design for the "AASHTO Guide for
Design of Pavement Structures."®*"

Capabilities

The AASHTO design procedure/DNPS86 program has the following
capabilities:

. The procedure can be used for the design of jPCP or JRCP with or
without an overlay.

d Reliability concepts are incorporated into the design procedure.

d Drainability of the pavement section is considered in the procedure
through use of a drainage quality coefficient.

. Seasonal variation of the subgrade soil strength is considered in the
procedure.

e ' The effects of swelling subgrade soil and frost heave are considered

in the rate of serviceability loss.

* A loss of support factor is included in the design to account for
potential loss of support due to subbase erosion and/or differential
vertical soil movement.

° Stage construction may be modeled through use of the procedure.

d Traffic at the end of the design period is calculated based on the
initial traffic and a growth factor.

d A life-cycle cost analysis is performed for the newly designed
pavement.

Limitations

The AASHTO design procedure/DNPS86 program has the following
limitations:
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RPS-3

The equation developed for use in the procedure was based in data
from very short experimental AASHO Road Test sections where -
construction and material quality was very high. Considerably more
variability will exist in a typical highway design project.

The design equation was developed from a limited data base in terms
of joint design, load transfer devices, subgrade variability, and
climatic variability.

The design equation does not reflect the impact of environmental
conditions.

The mathematical expression used for longitudinal reinforcement
design is an oversimplification of the forces actually encountered.

Loss of load transfer due to corrosion of steel reinforcement and
dowel bars is not considered.

Load é‘quivalency factors, which relate all loads to an equivalent
single-axle load, were developed for the conditions at the AASHO
Road Test. The accuracy of extrapolating them to other regions is not
known.

Adequate guidance is not given for all the input variables, especially
those concerning loss of support and drainage.

RPS5-3 (Rigid Pavement System - 3) is a computer program developed by the
University of Texas at Austin and the Texas Hi%hway Department, for the design
(

of JRCP and CRCP with or without an overlay.

,22,23)

Capabilities
The RPS-3 program has the following capabilities:

The procedure can be used to design JRCP and CRCP.

The user inputs a lower and upper limit on joint spacing and layer
thicknesses. The program outputs the optimum joint spacing and
layer thicknesses, taking in to account cost and structural capacity.

Longitudinal steel is designed based on cost variables and structural
requirements.

Stage construction design may be modeled.
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Alternative designs are output which are compared and optimized
within the program by the single decision criterion of overall cost of
the various designs.

Design reliability is considered in the model.

Erodibility of granular layers is considered in the model.

Maintenance costs are analyzed in the cost analysis model.

The cumulative effects of traffic are considered.

Limitations

The RPS-3 program has the following limitations:

The equations developed for use in the procedure were based on data
from very short experimental AASHO Road Test sections where
construction and material quality was very high. Considerably more
variability will exist in a typical highway design project.

The design equations were developed from a limited data base in
terms of joint design, load transfer devices, subgrade variability, and
climatic variability.

The design equations do not reflect the effects of various
environmental conditions.

Loss of load transfer through corrosion of steel reinforcement and
dowel bars is not considered.

The procedure optimizes the joint spacing and the area of steel in
order to decrease the cost of transverse joints and reinforcement.
Long joint spacings may decrease the total cost; however, lengthening
the joint spacing may produce more joint deterioration. This is not
considered in the model.

No recommendations are provided for load transfer design. A dowel
diameter of 1.25 in (32 mm) is assumed in the calculations.

The equations used for reinforcement design are greatly simplified in
comparison with the actual forces encountered.

No recommendations are made concerning drainage design or
shoulder design.

Climatic variables are considered in the procedure.
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The effects of slab expansion and contraction are not considered in
the design procedure.

PCA Design Procedure

The design procedure developed by the Portland Cement Association (PCA)
is based on theoretical studies, research experience, and observations of inservice
pavement performance.®* It was developed in 1984.

Capabilities

The PCA procedure has the following capabilities:

The procedure may be used for the design of JRCP or JPCP.

The procedure considers the cumulative effects of traffic through use
of a mechanistic-empirical fatigue equation. A criterion is set up for
control of fatigue cracking.

A load safety factor is provided in the procedure to compensate for
the possibility of unprotected heavy truck overloads and normal
construction variation in material properties and layer thicknesses.

Erodibility of support is considered in the model. A criterion is set
up for control of excessive pumping and joint faulting.

Variation in concrete strength is considered by reducing the modulus
of rupture by one standard deviation.

Several joint design recommendations are provided in the procedure.
Included in the procedure are recommendations for joint type,
spacing, shape, load transfer devices, randomized and skewed
transverse joints.

The recommendations for the design of longitudinal steel in JRCP are
similar to those provided by the AASHTO Guide.

Limitations

Limitations of the PCA procedure are listed below:

The effects of moisture and thermal gradients are not considered in
the model.
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Tensile stresses caused by friction between the slab and subbase and
tensile stresses caused by full or partial seizure of the load transfer
devices are not considered. '

The effect of the type of subbase is only considered through its effect
on the k-value. Erodibility of the subbase is not considered.

The effect of nonuniform support resulting from nonuniform subbase
and subgrade materials is not considered.

The procedure does not consider the effects of climate or drainage.

Nonhomogeneity of pavement materials, with the exception of the

. concrete strength, is not considered.

California Rigid Pavement Design Procedure

The California Rigid Pavement Design Procedure was developed by the
California Department of Transportation (Caltrans) for the design of JPCP.**

Capabilities

Using the California Rigid Pavement Design procedure, the designer uses
subgrade soil and traffic information and a nomograph to chose a design from a
series of standard cross-sections. The procedure has the following capabilities:

Given the R-value, Traffic Index, subgrade Plasticity Index, and
subgrade permeability, a design cross section may be chosen.

A variety of subbase types are recommended for each of the design
cross sections, including lean concrete base, asphalt concrete base,
asphalt-treated permeable base, and cement-treated permeable base.

The procedure emphasizes minimizing drainage related problems
through good drainage design and the use of asphalt-treated and
cement-treated permeable bases. In fact, permeable bases are to be
given first consideration in design.

Guidelines are provided for the design of the drainage system.

Recommendations concerning the type and spacing of joints are given
in the procedure.

Limitations

Specific limitations of the CALTRANS procedure are listed below:
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BERM

The slab thickness appears to be based on experience only. The
maximum design slab thickness is 10.2 in (259 mm) for traffic levels
of greater than 13.5 million ESAL over the design period. The
structural design may not be adequate for pavements carrying very
high truck volumes.

The effect of slab warping and curling are considered indirectly
through the recommendations for short joint spacings.

The longitudinal and transverse joint design recommendations are
based on previous experience. No analytical procedure is available
for the project-specific design. No recommendations are provided for
design of the joint sealant reservoir, joint sealant type, or type of load
transfer.

No climatic variables are considered in the design procedure.

No provisions are made in the procedure for nonhomogeneity and
variability in material properties or other design variables.

JRCP and CRCP cannot be designed using the procedure.
The procedure was developed for a specific set of climatic and

material variable. Use of the procedure in other areas of the country
has not been tested.

BERM is a program developed by Resource International, based on analysis
of RISC output, for use in the design of portland cement concrete and asphalt
cement concrete shoulders.

Capabilities

The

program calculates the life of the shoulder in terms of number of

cumulative 18-kip (80 kN) ESAL’s for parked and encroaching traffic loadings.
BERM has the following capabilities:

Tied, keyed, or separate concrete shoulders as well as asphalt concrete
shoulders may be modeled.

For the design of flexible shoulders, the user may input the
viscoelastic properties of the asphalt concrete or use the program
default values.

If an unreasonable value is input, the program prompts the user with
a range of acceptable values.
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. The cumulative effect traffic is considered (output of the program).

. The effects of inner and outer edge loading are considered for rigid
shoulder design and the effects of parked and encroaching traffic are
considered for asphalt concrete shoulder design.

Limitations

BERM has the following limitations:

° The mainline pavement type and thickness are not considered in the
model.

. The effect of climate and moisture is not considered in the model.

4 Only granular base courses may be modeled.

i The exact degree of load transfer may not be specified for the design
of concrete shoulders.

d The effect of loss of subgrade support is not considered in the model.

d Drainability of the pavement section is not considered in the model.

. Design is based on only two locations on the shoulder.

JCS-1

JCS-1 (Jointed Concrete Shoulder-1) is a computer program developed by the
University of Illinois to compute the accumulated fatigue damage over the design
life of concrete shoulders.®*® The program was based on finite element methods
employing classical thin plate theory and field data.

Capabilities
JCS-1 has the following capabilities:

. The cumulative effect of traffic is considered comprehensively.
. The effect of loss of subgrade support is directly considered.
d The lane/shoulder joint load transfer efficiency is directly considered;

therefore, tied or untied concrete shoulders can be modeled.
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. A number of shoulder and mainline pavement thicknesses, load
transfer efficiencies, and shoulder widths may be examined in a single
computer run.

. Fatigue damage is calculated at the lane/shoulder joint and at the
outer edge of the shoulder.

Limitations
The significant limitations are listed below:
g Since the program was developed for the design of plain jointed

concrete shoulders, the mainline pavement is not considered except
- for the thickness and load transfer.

. No climatic variables are considered.

' Drainability of the pavement section is not considered.
. Reinforcement is not considered.

. Design is based on only two locations on the shoulder.

i The design procedure has not been thoroughly tested.
d The program was developed based on a finite element analysis over a

limited range of variables, i.e., subgrade modulus, concrete strength
and Poisson’s ratio, and slab thickness.

d The effects of thermal and moisture gradients are not considered.
5.  OVERALL PROGRAM EVALUATION

An analytical scheme was developed to evaluate each of the models and
methods based on the variables important to rigid pavement analysis and design.
The important variables were assigned relative weights. In turn, each program
was given a rating from 0.0 to 5.0 for each of the important variables. The rating
was then multiplied by the weights and a weighted average was calculated for
each program.

Each program considered could be placed in one of the following three
categories:

1. Structural Analysis/Distress Models.

2. Drainage/Climatic Models.
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3.

Pavement Design Methods.

The variables that were assumed to be most important in each of these categones
are described herein.

Structural Analysis Models

Each of the structural analysis models has been evaluated in terms of: -

Memory requirements.

Run time.

Reasonableness of results.

Theory verified.

Ease of use.

Ablhty to consider:
PCC slab characteristics (thickness, fatigue, durability, stlffness,
etc.).

- Base/subbase characteristics (thickness, fatigue, erodibility,
drainage, stiffness, etc.).

- Subgrade characteristics (stiffness, moisture sensitivity, volume
change potential, etc.).

- Shoulder characteristics (thickness, width, fatigue, durabxhty, .
tied, etc.).

- Joint design (load transfer, aggregate interlock, dowels, sealant,
etc.).

- Moisture gradient.

- Thermal gradient.

- Drainage (permeability, type of drain, erosion potential, etc.).

- Climatic variables (temperature, moisture, freeze, etc.).

- Traffic (truck, axle type, truck distribution, etc.).

- Special design factors (widened lanes, thickened edge, etc.).

Drainage/Climatic Analysis Models

Each of the drainage analysis models has been evaluated in terms of:

Memory requirements.

Run time.

Reasonableness of results.

Theory verified.

Ease of use.

Ability to consider:

- Climate (temperature, moisture, freeze, etc.).

- Material properties of lower pavement layers (stress
dependency, moisture dependency, temperature dependency,
etc.).

- Ability to model pavement cross section.
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Pavement Design Methods

Each of the design methods has been evaluated in terms of:

Memory requirements.
Run time.
Reasonableness of results.
Theory verified.

Ease of use.

Abilit

y to consider:

PCC slab characteristics (thickness, fatigue, durability, stiffness,
etc.).

Base/subbase characteristics (thickness, fatigue, erodibility,
drainage, stiffness, etc.).

Subgrade characteristics (stiffness, moisture sensitivity, volume
change potential, etc.).

Shoulder characteristics (thickness, width, fatigue, durability,
tied, etc.).

Joint design (load transfer, aggregate interlock, dowels, sealant,
etc.).

Moisture gradient.

Thermal gradient.

Drainage (permeability, type of drain, erosion potential, etc.).
Climatic variables (temperature, moisture, freeze, etc.).

Traffic (truck, axle type, truck distribution, etc.).

Reliability of design.

RECOMMENDATIONS

Table 1 shows the assigned variable weights and the resulting ratings for
each program. The ratings were based on the results of the sensitivity analysis,
review of the program documentation and experience in the use of the programs.

Based on the results of these ratings and work accomplished in deriving
them, the following programs are recommended for further use in the Tasks E and
F of this contract:

Structural Analysis Model

The ILLISLAB finite element model is efficient to use and can structurally
model many key design factors. The main deficiencies of ILLISLAB (such as
incomplete consideration of drainage and climate factors) can be addressed by
using other models, such as CMS and Liu-Lytton, in conjunction with the
ILLISLAB model.
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Evaluation of analysis models and design methods.

Table 1.
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, For the evaluation described herein, ILLISLAB has been shown to have
several advantages over the JSLAB finite element model. For example, the
analysis of curling requires several executions of JSLAB and then manually
subtracting the results. Also, numerous attempts were made to execute JSLAB
while specifying curling and load which resulted in aborted executions for no
apparent reason. Analysis of warping stresses caused similar problems. ILLISLAB
handles these same types of problems flawlessly and is recommended for general
~use. The ILLISLAB code is constantly being updated at the University of Illinois.
Currently, the use of a nonlinear thermal gradient is being incorporated into the
ILLISLAB model, thus fully emulating the thermal gradient capabilities of the CMS
model. :

Several problems were also noted with the PMARP finite element program.
These include its limited mesh size capabilities, its neglect of thermal and moisture
gradients, the errors associated with the input processor, and the errors in the
stiffness matrix.

~ Prediction Models

The PEARDARP (using the appropriate PMARP output) program may be
used as a prediction model for distress as well as a comprehensive cost analysis
model. However, since several of the PEARDARP distress models have not been
verified, it is recommended that the PREDICT program be used in conjunction
with the PEARDARP program for comparative purposes.

Drainage/Climatic Model

The CMS program is a very comprehensive climatic and material analysis
model. The program outputs, such as thermal gradient, moisture profiles, and soil
strength properties, may be used as inputs to the analysis and predictive models
and the design methods.

The Liu-Lytton drainage models also model many drainage variables which
are considered key to the design of concrete pavements. The program is fairly
adaptable to various soil and moisture conditions and may be used to evaluate or
design a pavement drainage system.

Design Method
- The Zero Maintenance Design Procedure incorporates many of the important
rigid pavement design factors. If used in conjunction with both the CMS model

and the Liu-Lytton models, the weaknesses of the Zero Maintenance Design
Procedure described in section 4 can be rectified.
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For rigid shoulder design, the JCS-1 program is recommended and for
flexible shoulder design the BERM program is recommended. The JCS-1
procedure is recommended over the BERM rigid shoulder design procedure
because JCS-1 incorporates more of the important shoulder design parameters.
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PART II. STANDARD PAVEMENT SECTION AND
VARIABLES UNDER CONSIDERATION -

This section illustrates the standard section for the sensitivity analysis and the
range of variables tested. = A cross section of the standard pavement section used
in the analyses is illustrated in figure 1. A 9-in (229 mm) PCC slab over a 5-in
(129 mm) unbonded lean concrete base was chosen. The section has dowels across
the transverse joints and tied concrete shoulders. Table 2 provides the range of
variables tested for each of the design features evaluated. Tables 3 through 5
provide the inputs used for the standard section. The finite element meshes
required to run ILLISLAB and JSLAB are shown in figures 2 through 5. A
four-slab system loaded at the edge of the slab was chosen as the standard loading
configuration. The maximum-density four-slab configuration mesh for WESLIQID
and WESLAYER is shown in figure 6. The mesh is very coarse due to the
considerable memory requirements of these programs. The accuracy of the results
was greatly affected by the use of this mesh; thus a two-slab system was adopted
for these programs. The two-slab meshes are shown in figures 7 through 10. The
same problem of memory requirements was encountered in executing the PMARP
program, therefore, a two-slab configuration was also developed for the PMARP
program. These meshes are presented in figures 11 through 13. The use of a
two-slab system does not greatly affect the stress calculation results for the
longitudinal edge loading condition; however, in examining the corner loading
condition a large affect can be seen. Figure 14 illustrates the load configuration
employed by the H-51 program.
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Table 2. Levels of design variables.

DESIGN STANDRRD VARIATION
VRARIABLES LEVELS OF LEVELS
THICKNESS <inmd 9 6, 12, 1S
DOWELS <imd Y, 1.25 NO / 0.0; VYES / 1.0, 1.S

BASE TYPE

REINFORCEMENT

SLAB LENGTH <Ff&>

JOINT MIDTH <inmd

TIED SHOULDERS

WIDENED LANES <F&

SOIL STRENGTH c(k~valued <paid

0 00 00 50 0 00 o0 58 ¢4 45 55 00 ¢4 00 s 40 =4 24 o5 00 00 2o oo

NOTE: Only main effects were
standard in a separate

UNBONDED STRB.
NO
1s
0.25
YES
NO
200

exanined. Each
computer run.

GRANULAR, BONDED STAB.
YES

10, 20 <IPCPD

C.1S, 0.24, 0.30, 0C.«8
NO

YES /7 1S

S0, 100, SO0

Ffactor was varied from the

(1 in = 25.4 mm, 1 1b = 2.205 kg)
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Table 3. Parameters assumed for use in the analysis

models and design methods.®

SURFACE LAYER

PCC Slab Thickness
Poisson’s Ratio
Modulus of Rupture

BASE LAYER
Bonding Condition Bonded /Unbonded
Thickness 5in
Poisson’s Ratio 0.20
Modulus of Elasticity 200,000 psi
SUBGRADE LAYER
Subgrade Model Winkler
Subgrade Modulus 200 pci
DOWEL AND JOINT PARAMETERS
Transverse Joint
Joint Width 0.25 in
Modulus of Dowel Support 1,500,000 pci

Modulus of Elasticity of Dowel Bars
Poisson’s Ratio of Dowel Bars

9 in
0.20
5,000,000 psi

29,000,000 psi
0.30

Dowel Bar Diameter 1.25 in
Dowel Bar Spacing 12.0 in
Dowel Concrete Interaction Factor

By Friberg’s Analysis' 1514419
Longitudinal Joint
Tie Bar Diameter 0.625 in
Tie Bar Spacing _ 30.0 in
Interaction Factor (Friberg) 444,279

LOADING CONDITIONS

Type of Axle Dual Wheel
Gross Weight of Axle 18 kip
Tire Pressure 100 psi
Thermal Gradient 1.5, -3.0 °F/in

(for curling analyses only)

1

In calculating Friberg’s dowel-concrete interaction factor, a coefficient of 1.0 instead of 1.8
was used. This corrects the problem of the analysis resulting in dowels which are too small.
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Table 4. Traffic data assumed in design models.®

TRAFFIC DATA

ADT at Beginning of Design Period
ADT at End of Design Period

Percent Trucks of ADT

Percent Trucks in Design Traveled Lane
Mean Axles Per Truck

Length of Surveyed Stretch

Average Total Length of Encroachments per
Truck in the Shoulder Stretch

Percent Trucks that Park on Shoulder

36

17,100
39,100
21%
85.15%
2.60

10 Miles

0.24 Miles

0.016%



Table 5. Loadometer data assumed in design models.®

LOADOMETER DATA

Single Axle Load Distribution

Weight Distribution (Pounds) Percent in Range
0 - 3000 , 5.75
3001 - 7000 10.33
7001 - 8000 7.76
8001 - 12000 29.54
12001 - 16000 4.37
16001 - 18000 1.77
18001 - 20000 1.02
20001 - 22000 0.54
20001 - 24000 0.34
24001 - 26000 0.14
26001 - 30000 0.04
30001 - 32000 0.01
32001 - 34000 0.01

Tandem Axle Load Distribution

Weight Distribution (Pounds) Percent in Range
0 - 6000 0.27
6001 - 12000 13.34
12001 - 18000 7.05
18001 - 24000 5.51
24001 - 30000 14.92
30001 - 32000 3.61
32001 - 34000 1.40
34001 - 36000 0.50
36001 - 38000 0.25
38001 - 40000 0.16
40001 - 42000 0.11
42001 - 44000 0.08
44001 - 46000 0.07
46001 - 50000 0.07
50001 - 52000 0.02
52001 - 54000 0.01
54001 - 56000 0.01
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DISTANCE (INCHES)

10 10’

Sl

—x
)
A

264

248"
232"

216"
208.5"
197°

182.5" 12'
168°
153.5"

139°

129.5"
120" \

100

801

. 10’
60

40°

o*
15°
3o
20*
106"
120°
140*
160"
180"
200"
220°
240°

46.5°
55.5°
64.5°
73.5°

DISTANCE (INCHES)

(1 in = 25.4 mm)

Figuré 3. ILLISLAB and JSLAB finite element mesh for
10-ft joint spacing analysis.
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Figure 7. WESLIQID and WESLAYER finite element mesh for standard
pavement analysis using a two-slab system.
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Figure 8. WESLIQID and WESLAYER finite element mesh for
10-ft joint spacing analysis.
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Figure 9. WESLIQID and WESLAYER finite element mesh for 20-ft

joint spacing analysis.
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Figure 10. WESLIQID and WESLAYER finite element mesh for
widened lane analysis.
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- Figure 12. PMARP finite element mesh for widened
lane analysis.
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Figure 13. PMARP finite element mesh for 20-ft joint

spacing analysis.
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Figure 14. Wheel configuration used for H-51 analysis.
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PART III. SUMMARY OF INPUT AND OUTPUT VARIABLES

This section presents summaries of the inputs and outputs required for all
of the programs and procedures under consideration. Tables 6 through 21 are
detailed lists of the inputs required to use each program or procedure and the
outputs produced. Tables 22 through 31 contains lists of the method of obtaining
each input for the recommended programs.
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Table 19. RPS-3

1 WwPuUT

input and output

curPUYT

variables.

CORNENTS

THRAEFIC INFURANTIAON
AXLE CRCUTH FACTOR
ADT CROWTH RATE
DIRECTIONAL OISTRIBUTION FACTOR
DESIGN LANE DISTRIBDUTION FACTOR
INITIAL ROT
TOTAL 10-KIP ESAL FOR ANALYSIS FERIOCD

HESTRAINSS

Mxlnun INTIAL FUNDS/SQ ro
X INITIAL THICKNES:

ﬂXN TINRE TO FIRST OVERLﬁ\'S

NIN TINE BETHEEN OVERLAYS

RAX FOTAL AC DUERLRY TNICKNESS

NIN AC OL THICK & ON:

RNAX TATAL CONC OL f"lCK
PNIN TOTAL CONC OL THIC

RAVERAGE LEVEL UP I'I‘IICKNESS

LENGTH GF ANALYSIS PERIOOD

CONFIDENCE LEVEL

PERFORNANCE vRARIABLES
INITIAL SERVICABILITY
TERNI HAL SERVICRBILITY
SERVICABILITY AFTER WERLﬁY
PROBHBILITY OF BAD SOI
SHELLING RATE CONST“NY
SHELLING ACTIVITY

rnarnc DELAY cosvT
OF SLOW TRARFFLL COV/NOND
. OF OPEN LANES RESTRICT ZONE

AVG APPROMCH SPEED TG OL ZOME
OETOUR CISTHANCE

8 HOURS/DAY OL CONSTRUCT
THIFFIC nOGEL

ROAL LOCHTION

CO“CRETE INFCRANTION

FLEXTURAL STRENGTH

TENSILE STRENGTM

ELASTIC NODuULUS

UNIT WEIGHT

CONSTRUCTION :auxpn:ur costv
€COST/CU YO OF CONCRETE
COST oF SURF”CINO CONCRETE
SALYAGE VALUE OF CONCRETE

STEEL INFORNATIA

BARS <LONGI I'UDINRL/I’RRNSVCRSE)
BRR STEEL ASTH
TCN?ILE STRQNGTN

BAR NUHOERS To BE TRIED
HIRE NESH
“lRE HE " ASTN DESIG
TENSILE STRENGEN
COsST/LS
NESH SIZES TO BE raz:n
LONG HMIRE SPRCI
N. MIRE SPMING
TIiE BMS USEC WITH RESH
YIE BAR ASTN GESIG
TENSILE STRENGTH
cosT/Le
FIE BAR HUNBERS TO BE TRIED

SUBB"SE éNF ORARTION

EROOnulLl Ty FRCTOR

FRICFION FRC l'

ELASTIC noou

CONSTRUCTI ON EOUI D’Eﬂ{rﬂ' cost
COST/CONZACTED Cu

SHLYAGE VHLUE

NIN ALLUKED THICKNESS

RAX ALLOGHED THICKNESS

BESIGN ﬁEﬁl;Xl;EﬂENTS
SUBBAHSE THICKNESS
TOTAL PERFORNNNCE LIFE
SPRCING TRANVERSE JOINTS
SFACING LONGITUODINAL .JOINFS

COST ANALYSIS
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PROGCARARN

Table 19. RPS-3 input and output variables (continued).

T HPUT

ourPyYTr

crPAHENT S

INCRENENT FOQ SUBNDASE

SUBGRADE INFORMATION
HODULYUS OF SUBGRADE REACTION
SUBGRADE FRICTION FACTOR
ERQUANILITY FRCTO
COST/LANE RILE PREPARATION

OVERLAY INFORNATION
INTITIAL COST/LANE MILE
CosSt/CU YO CO"PQC"!O ASPHALT
SALVAGE VAL
ASPHALT HOFUL'JS
PRODUCTION RATE OF ASPHALT
PRODUCTLION RATE OF COMCRETE
CONCRETE COtFl‘!CXENl’
ADOTIONAL CO:

JOINT DESIGN
COST/FT TRANSVUFRSE JO!N“

ALUE
INCRENENT OF SPACING

MR NTENANCE
FREEZING r:nvtnruﬂzmm
CONPOSITE LAPOR
CONPOSITE CQUIP"EN" REMTAL RATE
COST OF MATERT S
UIDTH OF EACH LA
# LANES IMN BOTH BIREI:"XWS
RATE OF INTEREST

CW!WNC! LEVEL VARIABLES
CV W FL!M\'U‘?“L srn:m:ru
SD noDULY:

S0 Ur SUDGRRD! bd VHLUZ

SD OF INITIAL SERVICABILITY
SD OF TERMINAL SERVICRBILITY
SD OF THICKNESS OF CONCRETE

OVERLAY CONSTRUCTION VRRIABLES
TINE UMEN OL COMSTRUCT BEGINS
TINE UHEN OL CONSTRUCT ENDS
NUMBER OF COWCRETEZ CURE DRVS
TOTAL ¢ OF LANE TO OVERLAY
OL LENGTH IN ONE LANE
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PROGRADN

Table 21. JCS-1

T HNPUT

QuUuTPUT

and BERM input and output variables.

CoOnNnNnENTS

(-]

GRARN

SHOULOER DESIGM LIFE

P.C.C. SLa® XNFORMI‘ION
DER THICKI
LﬁNE I'NXCKNSSS
SMOULDER HIOFN
CC NLOLLUS OF RUPTURE <2. DAYS)>
COEFFICIENT OF VARIATION PCC NODULUS
LANE/SHOULOER JOINI LOARD fﬂNNSPER err.

SUOGM !NFORMI’KON

AROE
uODﬁB!l.lf" or FOUND&!’XON SUPPORI’ Ar
BEGIMNING OF DESIGN FER
ERCOABTILITY OF FOUNDATIGOH SIJ?PORI’ AT
ENMD OF DESIGH PERICD

TRAFFIC
RDT AT BEGINNING OF DESICN PERICO

RDT AT END OF DESIGH PERIGO
TRUCKS OF ADT
TRUC&S IN DESIGH TRAVELED LANE

RECTIONRL DISTRIBUTION
NEAN RXL!$ PER TRUCK
LENGIH OF SURVEYED STRETCH
AVERAGE LENGTH OF ENCROACHNENTS
PERCENT TRUCKS PARKING ON SHOULOER
SINGLE AXLE LORD DISTRIBUTIODN
TRANDEN AXLE LOAD OISTRIBUFION

RCENT

INPUT

ACCUNULATED FATIGUE DANAGE PER YERR
FATIGUE DANAGE DUE TO PARKED TRAFFIC
FATIGUE OUE To

SuUTPULUT

MG TRAFFIC

CONPUTER SYSTEN: muwm
DATA INPUT NET IePUT FILE
BAFCH FILE C”h.ll.lle res

cConNnnENTS

BERN

SHOULDER TYPE
RIGIO/FLEXIBLE
SEPARATE/NONOLITHIC

DESIGN TENPERRTURE

CONCRETE SHOULDER INFORNATION
THICKNESS

HooLLUS
FLEXURAL STRENGTH

ASPHALT SHOULDER INFORRATION
STATIC ANOG OYNANIC noouu coerr.
ORf USE DEFAHULT VALUES
THICKNESS

LOMER LAYER INFORMATION
BASE noduLus
BASE THICKNESS
SUBGRRDE NGOULUS

OESIGHN LIFE - TOTAL 16K E£SAL
POR RIGID SHOULDER:
INNER EOGE
OUYER EOGE

FOR FLEXIBLE SHOULDER:
ENCR oacnxuc rnarnc
ARKED
ASPHALT CONCRETE PROPERTIES
DYNANIC RODULUS
CREEP S
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Table 24. Methods of obtaining input variables for CMS.

PROOGARADN ¢ tNPrUT METHOD OF OB TAINING ODATAL!PROBLENS

cns SuRrace,/ STNBILIZED LAYER INFORNATION
FREEZING/FROZEN/UNFROZEN THERMAL CONOUCT.

”Sm BASED OH CNS RECOMMENDATIONS
FREEZIMG/FROZEN/UNFROZEN HEAT CRPACITIES |

]
)
]
T
1
1
1
1
1
1
)
)
)
)
)
1
1
]
1
1
]
)
]
]
[}
1
t
*
1
1
t
t
)
1
t
1
)
]
]
)
]
]
1
\
]
t
13
1
13
)
]
]
]
1
t
t
1
1
1
)
1
)
]
1
1
1
1
1
1

FREEZING/FROZEN/UNFROZEN UNIT UEIGHY
STIFFM

GRAVINETRIC IIRI'ER CONTE""

RING RND RALL v

POISSON*S RAT

TENPERATURE - srxrrwss RELATIONSHIP
PENETRATION VALUE

SHORT -UNVE ARSORPTIVITY

ALR CONTENT

COARSE QGGHEGQT! CONTENT

NUNBER OF LARYE

AATERTIAL CODE

BASE COURSE/SUGBASE LAYER INFORNATION
UNFRO. IOOULUS

FROZEN FOLSSON'S RATIO

FROZEN RESILIENT MOOULUS

LENGTH OF RECOVERY PERIOD

ORY DENSIT

PERCENT PASSING NUNBER 200 Steve
HATERIAL CODE

SUBGRADE LAYER INFORMATION
SPECIFIC SURFACE ARER
CLAY LATTICE EXPANSION COMSTANT
INITIAL SOIL TENPERATURE PROFILE
T

o
setL fﬁQ!Z!NG TENPERATURE
FLASTIC LI
LIOULO LINM: |'
UNFROZEM RESILIENT NODULUS

LENGTH OF R!CWEHV PERICO

ORY OENSIT

PERCENT PQSSXNG NUNBER 200 SIEVE
MATERTAL CODE

CLIMATIC INFORNMATION
HISSIVITY FRCTOR C(SURFACED
DRILY EXTOATERRESTRIAL RACIATION
GEIGER LOYG-UAVE BACK RADIATION FACTOR
AVERAGE OAILY UIND VELOCITY
HARTNIN SUST UTND VELOCITY
CLOUY PNSE FACTOR
GROUND SURFACE VAPOR PRESSUR!
RIR TENP OF FIRST OF OAY NNﬁL\’SlS
AR TENP OF LAST OF DAY ANALYSLS
TINE OF RMAXINUN AIR I'EHPEQRYUR!
TINE OF MININUN AIR TERPERATURE
UPPER TERMP LINIT OF fﬁ!!!!”c RANGE
LOUER TEMP IN FREEZING RANGE
CONSTANT DEEP GROUND TENPERATURE

AAXRIAUN ANG HININUM ORILY AIR TEMW!S'

AVERAGE DRILY SUNSHIME ERACH
TINE SUN SET EACH DAY OF M\’SIS PERIOOD

TINE SuUM RISE EACH DAY OF ANRLYSIS PERICODT

INVENTORY/LOCATION TNFORMATION
NODAL TMICKNESS
NUNBER OF TERAINAL NODE
# OAYS IM ANALYSIS PER!OD
LOCNATIOM OF NNALY
¢ TINES A DAY THAT TEMP, PROFILE RECORD
PAMINUR ALLOURBLE CONVECTION COEFFICIENT
TInE !NC’EHEN? FOR TERP CALCULATION
ANALYSIS Dar
DEPTH TO UQYER TRBLE FROM SURFACE

THICKNESS IHFORHATION
TOTAL NUFBER OF LAYERS
TOTAL PAVEMENT THICKNESS
THICKNESS OF ERACH LAYER

SUNME BRASED OM CHS RECONMNMEHONTIONS
ﬂ$SUﬂ! BASED ON CNS RECOMMENOATTONS
'WKCRLCUL‘ITE COEFLECTIOND
ASSUNE BASED OM CNS RECOMNENDATIONS FOR PCC
ASSUNE BASED OM CHS R! COMNEMDATIONS FOR PCC
ASSUNE OM CNS RECOMMENDATIONS FOR PCC
ASSUME BASED ON CNS RECOMNENDATIONS FOR PCC
BASED OM CNS RECOMNENDATIONS FOR PCC
BASED OM CNS RECOMMEMDATIONS FOR PCC
ASSUNE BASED ON CNS RECONNEHDATIONS FOR PCC

ON CMS RECONNENDATIONS FOR PCC
CORES/CONS"QUC TION RECDRDS
INCTION OF RATERINL

o
k-]
w
m
9

BACKCALCULRTE <(DEFLECTION>
ASSUNE
ASSUNE

ASSYNE
ASSUNE BASED NN PUBLISHED LITERATURE
CORES/LAD TESTS
CORES/LAB TESTS
FUNCTION OF NMATERIAL

ASSUNE BASED ON FUBLI SHED L:rnaruru-
ASSUNE BASED ON FUBLISHED LITERATURI
BASED ON FUBLISHED L!I RATUR!
RSSUNE BASED ON FUBLISHED LITERATURI
BASED OMN PUBLISMED LITERATUR
UME BASED OM PUBLISHED LITERATURI
UNE BASED ON P'JBL!S"K?SLI TERATURE

CORES/LQB TEST
BRCKCALCULNTE EFLEC"! oN>

23

CORES/LAD TESTS
CORES/LAG TESTS
FUNCTION OF RATERTAL

ASSUNE BASED ON CMS RECONMENORTIONS FOR PCC
DETERHINE BRSED OM CNS RADIATION PROGANM
ASSUNE BASED OM CHS RECOMMEZNOATIONS
LOCAL WEATHER STATION
LOCAL URATHER STATIOM
ASSUME DASED NN CHS RECONMEMDATIONS
LOCAL. UEATHER STATION
LOCRL UEATHER STATIOM
LOCAL UEATHMER STRATION
LOCA, UEATHER STATION
LOCAt, UEATHER STATION

ICRt, UEATHER STATION
LOCAL UEATHER STATION
LOCAL WEATHER STATION
LOCRAL UEATHER STATION
LOCAL UENTHER STATION
LOCAM. UEATHER STATION
LOCAL UERTHER STATION

FUNCTION OF NAMALYSIS
FUNCTION OF ANALYSIS

FUNCTION OF ANALYSIS
FUNCTION OF RNNLVSIS
FUNCTION OF ANALY:

ASSUNE. BASED ON CHS RECOHHEND“I"I ONS
FUNCTIOM OF AMALYSIS
FUNCTION OF ANALYSIS
COUNTY SOILS MRP

CORES/CONSTRUCTION RECORDS
CORES/CONSTRUCTION RECORDS
CORES/CONSTRUCTION RECORDS
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Table 25.

rROGCGRAN

Method of obtaining

tRwPUT

I HETHOD OF OBDTAINING DATAIPROBLENRS

input variables for Liu-Lytton Drainage Models.

]
LUT=-LYTTON )
DRAINAGE NOOELSH

'
]
1
1
]
)
[}
1
1
1
1

DRATNACE NHODEL

CNQ”CY!QISY!CS OF BASE & SUBGRADE
T BASE

DEPI‘N OF BASE

PASE SLOPE knrlO
BASE PERNEADILI
SUBGRADE PERHQM!L! L d
BASE POROS
SUBGRADE ?OI'IOSI"V

MATERIAM. PROPERTTES BASE & SUBGRADE

CRACK

BASE COURSE lNO!
VWVEH!NT TYR

0IL CLASSTF tcnrxo
SW"RGBE SOtL. HMORIZON

AND JOTNT SURVEY INFORHATION
LENGTH OF JOINTS AND CRACKS
LENGTH OF SURVEY

INTENSITY=-OURATT DN-R!MR!“CZ

EVALUATED PERT

K CONSTANT

POUER OF RECURRENCE INTERVAL
POUER OF RAINFALL DURATION
RATHFALL CURVE SHAPE FRCTOR

RG!WM.L QUANTITY & FREOUENCY DATA

NUMBER OF CONSECUTIVE ORY DAYS

FIELD SURVEYS
CORES

PPPPIPERITITY
CORES/LAB TESYS?2?2?272?7?7
CORES/LAD T TS??2?2?7?
CORES/LAB TESTI??2222?7
CORES/LA® TESTS??2?7?277

ASSUNE BASED 0N RECONMHNENOATIONS
FIELD SURVEYS
CORES/LAG TESTS
COUNTY SOILS HAP

FIELD SURVEY
FIELD SURVEY

FUNCTION OF ANALYSES
ASSUNE BASED OM RECOMNNENDRTIONS
RSSUNE BASED ON RECONNMENCATIONS

SURE BASED OM RECOMMENDATIONS
ASSUNE BASED ON RECOHMMENDRTICONS

FUNCTION OF ANALYSIS

L
LOCAL UEATHER STATION

INFILTRATION HOOEL

BASE

COURSE CRACKS/JOINTS
uLIorH oFr JOXNT/CR"CK
DEPTH OF JOINT/CRNCI

HORI 20NMTAL PEI!NE"O!LI"V
POROSITY

CRPILLARY HEAD

MATER EVAPORATION CHARACTERISTICS

NITIAL SUCTION OF BQS! ToURSE
mrrusxon COE?F‘lcl!
ER conr:nr-—mﬂon

:vuvonnn ON co:rr 1c1ENT

F!!LO IRVEYS
(R

URVEYS
l:o-nu.artou Il!f” VERT1ICAL PERMEABILTY

ES/LAN TESTS??927272
CORESILQU TESTSP???77?

LOCAL UEATHER STATION

5TS?2722227

TESTS??722?272

CORES/LRB TESTS??77777
ASSUNE DASE TONS
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PART IV. RESULTS OF SENSITIVITY ANALYSIS

This section summarizes the results of hundreds of computer runs and
design procedure calculations in the form of tabular sensitivity analyses. The
results of these analyses are shown in tables 32 through 64 and figures 15 and 16.
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Table 39, Effect of void depth, drainage factor, rainfall factor, and
subbase treatment factor on pavement responses as measured

by PMARP.

EFFECT OF VARIODUS PARANETERS ON PRAVENENT RESPONSES

Ix VARIED AVERAGE vOIO OEPTrH
PRARP QUTPUTS IISTANCARDO II
II0.001 IN. II O.12 IN. ! % DIFF II Q.S IN. ! 2 OIFF
RININUN LORO LONGITUOINAL IT ?1.0 II 68.0 ~-.2 II 67.0 ¢ -$.6
TRANSFER 23 Iz Iz : Iz ° :
NAXIMUR PRINCIPAL 80TTON OF SLAB (I 217.3 11 295.6 ! 13.0 1I 3s53.8 ¢ $3.7
TENSILE STRESS (PSI] II I1 H II H
DAXKINUN SUBGRAOE STRESS (PSIJ] II 2.4 II 2.8 ¢ 16.7 II 3.0 ¢ 2s.0
ARAXINUA OEFLECTION CMILS] II 11.3 II 12.9 ¢ 14.2 IX 19.5 ¢ 2.8
- Iz VRARIED ORAINAGE FRCTOR, RAINFALL FACTOR, AND SUBBASE FACTOR
PORRP QUTPUTS II STANGRRD IX Orsinage Iz Rainfall Iz Subbase
IT /w1t Iz [+ ! % oIFF IX o i % OIFF IX (=] : z DIFF
RININUM LOAC LONGITUDINAL IX ?1.0 11 ?1.0 ¢ 0.0 IX ?1.0 @ .0 II 75.0 @ S.5
TRANSFER (X3 iz Iz H Iz : Iz :
MRARINUA PRINCIPAL 29TTOR OF SLAB II 2A1W7.3 1T 218.5 ! 0.6 II 217.4 ¢ a.0 II 229.2 S.5
TENSILE STRESS CPSI] 1x II H Iz H II H
AAXINUR SUBGRADE STRESS CPSI] II 2.4 II 2.0 2W.0 IX 2.8 @ “.2 1T 1.5 ¢ -37.5
AAKINUM OEFLECTION INILS] T 11.3 11 12.2 ¢ 8.0 I 11.4 ¢ Q.9 II 9.9 ¢ -12.4

EFFECT OF VARIOUS PARANETERS ON PAVENENT RESPONSES

VARIED SHOULOER PARANETERS

IX STANOARD II NG SHOULDER II  UIOENED LANE
PHARP QUTPUTS Iz T1ED 11 II
I1 SHOULOER II : % DIFF II 1S°* UIDE: X OIFF
RINIMUN LORD LONGITUOINAL II ?1.0 1I N/A II s8.0 : ~18.3
TRANSFER (23 $ 31 Iz : II :
ARKIMUM PRINCIPAL  BOTTORM OF SLAB II 217.3 IT 284.9 31.1 1 139.9 ¢ -35.8
TENSILE STRESS CPSIJ I 11 : Iz :
AAXINURM SUBGRADE STRESS CPSII II 2.4 12 3.9 : 62.5 II 1.9 : -20.8
RAXINUN OEFLECTION CMILS3 It 1.3 11 22.4 se.2 I 7.9 : =30.1
I VARIED TRAFFIC LEVEL <ESAL
II STANOARD II
PHMRARP OUTPUTS Iz 1.0 II SX10~6 : 2 OIFF II 1SX10"~6 @ 2 OIFF
AINIAUR LOROD LONGITUOINAL IX ?1.0 11 s7.? -18.7 I a3.1: =39.3
TRANSFER (23 Iz II H 24 H
AANINUM PRINCIPAL  SOTTON OF SLAS II 217.3 1T 2853.3 ¢ 16.6 I 2313.5 ! 1.3
. TENSILE STRESS (PSI] II b4 H It :
MAXINUR SUBGRAOE STRESS CPSII IX 2.4 II 2.7 2.8 IX 3.8 : s8.3
nAXINUM OEFLECTION CNILSI 34 21.3 12 1.8 4.4 12 19.3 ¢ 70.8

(1 in = 25.4 mm and | psi = 6.894 kPa)
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Table 40. ILLISLAB and JSLAB curling analysis.

ILLI-SLAB CURLING ANALYSIS RESULTS

PROGRArM: ILLI-SLAB
RESULTS FOR CURLING ANALYSIS WITHOUT TRAFFIC LORD
NAXINUR PRINCIPAL SLAB STRESS

SUBGRADE “K* VRALUE <PCI>

SLRAB SLAB SO SO 200 200 S00 S00
THICKNESS SIZE
CINCHD <FT.0 TENPERATURE GRADIENT <DEGREES F/INCH>
1.5 -3.0 1.5 -3.0 1.5 -3.0
8.0 - 12 = 1S 67.0 11?7.3 11?.6 180.S 14S.2 218.9
8.0 12 » 20 120.5 222.7 165.3 283.2. 182.1 301.S
10.0 12 » 1S Si.1 91.7? 98.9 1S2.S 126.S 183.4
10.90 12 = 20 107.2 198.7 164.S 276.6 191.9 31S.2
10.0 12 = 2S5 157.8 302.7 203.7 369.5 218.8 38?7.S
10.0 12 » 30 1980.7 373.1 217.1 €08.5 221.1 417.9
14.0 12 » 157 30.4 ' $8.2 69.1 108.2 91.7?7 131.2
14.0 12 » 20 76.0 143.2 133.2 216.2 163.9 240.1

Note: A positive temperature gradient iz defined as slab bottow
temperature higher than slab top temperature.

Unit Height of Concrete = 0.0868 1b/in"3
Concrete Coefficient of Empansion = S.0k10%=6 in/in/f

JSLAB CURLING ANRLYSIS RESULTS

PROGRAN: JSLAB
RESULTS FOR CURLING ANALYSIS WITHOUT TRAFFIC LOAD
NMAXINUN PRINCIPAL SLAB STRESS

SUBGRADE “"K" VALUE <PCID

SLAB SLAB So SO 200 200 SO0 Soo
THICKNESS SIZE
<INCH> CFT.D TENPERATURE GRADIENT <DEGREES F/INCH>
1.5 -3.0 1.5 -3.0 1.5 -3.90
8.0 12 » 1S 52.3 98.5 9?.7 141.3 116.2 162.4
8.0 12 = 20 94.0 180.2 127.4 225.0 133.S 233.8
10.0 12 = 15 0.1 ??.1 83.S 120.4 109.4 141.8
10.0 12 = 20 84.? 160.4 133.8 221.3 1S51.2 249.4
10.0 12 = 25 124.1 241.S 160.6 292.5 159.8 300.1
10.0 12 » 30 148.S 249.9 168.1 321.5 166.5 322.4
14.0 12 » 1S 23.8 4?.8 $9.9 88.2 81.6 10S.9
14.0 12 » 20 60.1 116.0 114.6 184.2 141.7 204.9

Note: R positive temperature gradient iz defined as slab bottow
temperature higher than slab top tewmperature.

Unit Height of Concrete = 0.0868 1b/in™3
Concrete Coefficient of Empansion = S.0mn107-6 in/in/¥

NOTE: JSLAB models a thermal gradient by application of a calibrated moment
along the slab edges due to the temperature variation. WESLIQID,
WESLAYER, and ILLISLAB use an interative computation routine to
model the effects of thermal gradient.

1 1b = 2.205kg, 1 psi = 6.894 kPa, and °C = 5/9(°F-32)
38



Table 41.

WESLIQID and WESLAYER curling analysis.

HESLIQUID CURLING RANALYSIS RESULTS

PROGRAN: JSLAB

RESULTS FOR CURLING ANALYSIS HITHOUT TRAFFIC LORD
NMAXINUN PRINCIPAL SLAB STRESS

SUBGRADE “K*“ VALUE <PCID>
S0 200

SLAB SLRB S0 200 Soo0 S00
THICKNESS SIZE
CINCH> CFT.D> TEMPERATURE GRADIENT CDEGREES F/INCH>
1.5 -3.0 1.5 ~3.0 1.5 -3.0
8.0 12 = 1S 69.2 121.5 120.1 184.4 147.9 227.6
8.0 12 = 20 121.3 223.9 166.1 278.5 182.4 302.86
10.0 12 = 1S, 52.9 9S5.1 102.0 157.9 129.2 191.2
10.0 12 » 20 108.1 201.3 165.1 279.3 192.4 320.8
10.0 12 =« 2S5 159.3 303.4 20S5.56 364.0 219.9 388.3
10.0 12 = 30 191.2 373.5 217.4 <410.56 221.0 413.9
14.0 12 = 1S 31.7 60.7 ?1.0 111.9 94.0 136.S
14.0 12 = 20 76.8 145.6 133.6 221.1 164.0 246.3
Note: R pozitive temperature gradient iz defined as slab bottom
teomperature higher than slab top temperature.
Unit WHeight of Concrete = 0.0868 1lb/in™3 A .
Concrete Coefficient of Expansion = S.0x107-6 in/in/f
HWESLAYER CURLING ANALYSIS RESULTS
PROGRAMN: MESLAYER
RESULTS FOR CURLING ANALYSIS HITHOUT TRAFFIC LORD
AAXINAUR PRINCIPAL SLAB STRESS
SUBGRRADE "K' VALUE <PCID
SLAB SLAB SO S0 200 200 sSoo Soo
THICKNESS SIZE
CINCHD CFT.D TENPERATURE GRADIENT CDEGREES F/INCH>
1.5 -3.0 1.5 ~3.0 1.8 -3.0
8.0 12 » 1S 49.7 189.5 119.0 267.0 142.4 282.6
8.0 12 » 20 91.0 264.S 1S5.3 d12.0 172.2 314.2
10.0 12 » 1S 35.8 160.8 102.1 220.6 129.1 231.3
10.0 12 » 20 ?9.7 254.1 155.8 347.4 180.8 367.6
10.0 12 » 25 152.1 370.1 209.7 399.7 220.4 €403.1
10.0 12 » 30 149.9 389.4 2W0V4.2 “411.0 213.3 410.2
14.0 12 = 1S 1S.6 112.2 ?1.4 is?.7? 94.S5 16S.2
14.0 12 = 20 $0.9 200.8 127.6 262.8 110.9 269.9

Note: R positive temperature gradient iz defined as slab bottow
termperature higher than slab top temperature.

Unit Height of Concrete = 0.0868 1lb/in~3
Concrete Coefficient of Expansion = S.0m10%=6 in/in/f

(1 1b = 2.205 kg, | psi = 5.894 kPa and °C = 5/9 (°¥-32)
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Table 42. Analysis of RISC.

PAVEMENT SECTION RISC RNALYSIS CORPARISON OF SINGLE SLAB ANALYSIS

RESPONSES : FOR STRANDRRD { OF ILLISLAB CELASTIC SOLID> TO RISC

!  PAVENENT SECTION i FOR THE STANDARD THICKNESS
: : RISC !  ILLISLRS

DEFLECTION Cind : 0.0128 : 0.0131 : 0.0120
H : :
H B :

SLAB STRESS Cpsid : 165.4 : 166.9 : 136.4
: : :

SUBGRADE STRESS Cpeid : 2.14 : 2.13 : 3.28
: ; ;

LOAD TRANSFER EFFICIENCY | 25 2 :

(1 in = 25.4 mm and | psi = 6.894 kPa)

NOTE: RISC was run only twice due to excessive execution times.
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Table 43. Effect of subgrade strength and pavement thickness
on pavement response as measured by H-51.

H-S1
EFFECT OF SUBGRADE VALUE
ON PRAVENMENT STRESS

I STANDARDI H 2 1 : 2 X H 2
POSITION I K=200 I K=S500 ! DIFF I K=100 ! DIFF I K=S0 { DIFF
LONG. R I 254.2 I 218.9 @ 13.9 I 286.4 ! -12.7 1 318.7 ! =-25.4
TRANS. R I -27?.7 I -53.7 : 93.9 1 8.4 ! -130.3 I 33.2 | -219.9
B I 169.8 I 147.1 13.4 I 192.6 ! ~13.4 I 21?.? ! -28.2
cI 1S8.0 I 133.5 @ 15.5 1 1?9.3 ! =13.S I 211.9 ! -34.1
DI 171.8 I 1S4.2 ¢ 10.2 I 190.3 ! -10.8 1 211.8 ! =23.3

H-S1
EFFECT OF THICKNESS
ON PRAVENENT STRESS

I STANDARDI H 2 b 4 H & I H &
POSITION I H=9 IN.I H«6 IN.!: ODIFF IH=12 IN.! DIFF IH=1S IN.! ODIFF
LONG. R I 254.2 I 470.3 ! -85.0 1 166.0 ¢ 34.7 I 117.2 ¢ S$3.9
TRANS. A I ~27?.7 I ~135.6 ! 389.5 I 7.5 ! -127.1 1 14,3 ! ~-151.6
B I 169.8 I 314.6 ! -85.3 I 111.6 : 34.3 I 80.5 @ S2.6
c1I 1S8.0 I 283.6 ! -?39.S I 105.4 ! 33.3 I ?8.6 ¢ S0.3
01I 171.8 I 332.9:! -93.8 I 109.8 @ 36.1 X ?P.? 8 S4.8
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Table 44. CMS capabilities. .

cns

DUE TO LACK OF DATA THE PROGRAN WAS RUN FOR CONDITIONS IN URBANA, ILLINOIS
FOR THE MONTH OF APRIL. THE FOLLOWING GRAPH SHOMS THE TENPERATURE GRADIENT
THROUGH THE SLAB ON APRIL 13 1986 AT 11:00 PN. THE PROGRAM CALCULATES:

1> RESILENT MODULUS PROFILE WITH DEPTH OF ERCH DAY AT EACH TINE SPECIFIED,
2> DEGREE DAYS PROFILE MITH DEPTH OF ERCH DAY AT ERACH TINE SPECIFIED,

3> RNOISTURE PROFILE MWITH DEPTH RT SPECIFIED TIME, RAND

4> THE LOCATION OF FROST LINES AT THE SPECIFIED TINE.

(1 1b = 2.205 kg and | in = 25.4 mm)
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Table 47. Effect of climatic region on distresses of JPCP as measured
by PREDICT.

PREDICT
EFFECT OF CLINATIC REGION
ON PAVENENT DISTRESS OF JPCP

CLINATIC I PURPING III FAULTING III CRACKING III JT. DET. III PSR

REGION AGE/ESAL I O=L0 3=HI III INCHES III FT./RILE III NO./nMILE IIX O TO S

III 111 IIX . IIX
IITI-AR 10/1.5 1 1 III 0.02 II1 138 II1 1 III 3.7
20/5 I 1.6 III 0.02 III 367 III 12 I11 3.6

= IIT III IIX 11X
II-A 10/1.5 1 1.1 IIX G.02 III 158 111 1 I1X 3.7
20/5 I 1.9 111 0.02 III <403 II1 12 III 3.3

III IIX ITI ITII
I-A 10/1.5 I 1.2 III .02 IXI 132 IIX 1 I1X 3.6
20/8 I 2.1 III 0.02 III 356 II1X 12 III 3.1

III IX1 III IXIX
IIX-B 10/1.5 1I 0.4 IIIX 0 III 86 III 1 IIX 3.8
20/5 I 0.7 III 0 IXX 168 IIX 12 II1 3.7

11X IIX IXII IXX
II-8 10/1.5 I 0.6 III 0 III 102 11X 1 IIX 3.7
20/5 b 1 II11 o III 196 III 12 II1 3.4

IIT 11X III IIX
I-B 10/1.5 I 0.7 111 0o III e1 IIX 1 III 3.6
20/5 I 1.3 111 0o III 1?8 III 12 IIX 3.3

I1X 11X IIX IIX
III-C 10/1.5 I 0.5 III 0 III 66 IIIX 1 IIX 3.8
20/5 I 0.8 III o IXI 128 III 12 11X 3.7

III 11X IIX I1I
II-C 10/1.5 I 0.6 III 0 IIX 71 IIX 1 III 3.7
20/5 I 1.1 III c II1I 13?7 IIIX 12 IIX 3.5

IIX IIX IIX IXIX
I-C 10-1.S5 1 0.8 III 0o IIX S$3 11X 1 I1I 3.7
20/S I 1.3 III 0 III 105 IXX 12 111 3.3

»  JOINT DETERIORATION WAS NOT AFFECTED BY THE PRESCENCE OF SUBDRAINS
+ PSR HAS NOT AFFECTED BY THE PRESCENCE OF SUBDRRAINS

(1 kip = 80 kN and | in = 25.4 mm)
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Table 48. Specific variables for the nine climatic zones.(5)

Moist Climates
Thermal
Climates Dry Seasonally Wet Wet
( 111 ) ( IT ) (1)
b ITII-A II-A I-4
Freeze *Prec : 30 , Prec : 61 Prec : 89
Frze : 650 Frze : 650 Frze : 630
() Teap : 8.3 Temp : 9.4 Temp : 8.9
T.R. : 41 T.R. : &4 T.R. ¢ 40
I1I-B II-B I-3
Freeze-Thaw Prec : 48 Prec : 88 Tec : 122
Frze : 75 Frze : 50 Frze : 75
( B) Temp : 16.7 Temp : 15 Temp : 15
T.R. : 33 T.R. : 36 T.R. : 34
» III-C 11-C I-C
No Freeze Prec : 61 Prec : 102 Prec : 142
Activity Frze : O Frze : 0 Frze : 0
(c) Temp : 21.7 Tezp : 21.1 Temp : 18.9
T.R. : 29 T.®. : 30 T.R. : 2%
*NOTES: ¢ = Mean arpoual precipitation, cas

Pre
Frze = Corps of Engineers Freezing Index, degc-ee-days
Tezmp = Mean annuzl temprature, degree C
T.R. = Temperztura range (difference betwesn ave. daily mzx temp
y t= -
in July and ave. daily min. temp. ia Jznuary), degree C
P - b Qo
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Table 49. Effect of climatic region on distresses of JRCP
as measured by PREDICT.

PREDICT
EFFECT OF CLIMATIC REGION
ON PAVENMENT DISTRESS OF JRCP

CLIMATIC I PURPING I FRULTINGICRACKING I JOINT I PSR
REGION RGE/ESAL I I I 1 DETER. I
I I I I
III-A 10-/1.5 I 0.0 I 0.0 I ?5.0 1 8.0 I 3.9
20/5 I 0.0 I 0.0 I 26S5.0 X 3.0 I 3.5
I I I I
II-A 10/1.5 I 0.3 I 0.0 I ?5.0 I 8.0 1 3.8
20/5 I 0.7 I 0.1 1I 266.0 I 43.0 I 3.4
I I I I
I-A 10/1.5 1 0.5 1 0.0 1I ?5.0 I 8.0 I 3.8
20/5 I 1.4 I 0.11 280.0 I 43.0 I 3.2
I I I I
III-B 10/1.5 I 0.0 I G.0 I 74.0 I 6.0 I 3.9
20/S 1 8.0 I 0.0 1 264.0 I 31.01 3.4
I I I I
II-8 10/1.5 1I 0.4 1 0.0 I 7?4.0 6.0 1 3.8
20/S b ¢ 1.01I 0.0 1 266.0 I 31.01 3.3
I I 1 I
I-8 10/1.5 1 0.7 I 0.0 1 ?5.0 6.0 1 3.7
20/5 X 1.6 1 0.11I 295.0 I 31.01 3.1
I I I I
III-C 10/1.5 I 0.0 I 0.0 I ?4.0 I 6.0 I 3.9
20/5 I 0.0 I 0.0 I 263.0 I 30.0 I 3.4
3 ¢ I I I
II-¢ 10/1.5 I 0.3 1 0.0 I ?4.0 1 6.0 I 3.8
20/S I 0.6 I 0.0 I 264.0 I 30.0 1 3.3
2 4 I I 2 4
I-C 10/1.5 I 0.5 1 0.0 I 74.0 1 6.0 1 3.7
20/S I 1.2 1 0.1 1I 270.0 I 30.0 1 3.1

RESULTS FOR PAVEMENT WITH SUBDRRINS

(1 kip = 80 kN and | in = 25.4 mm)
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Table 30. Effect of climatic region on distress of JRCP
as measured by PREDICT.

PREDICT
EFFECT OF CLINATIC REGION
ON PAVENENT DISTRESS OF JRCP

CLIMATIC I PUNPING I FAULTINGICRACKING I JOINT I PSR
REGION RGE/ESAL I i § I DETER. §
1 1

III-A 10/1.5 I 0.00 I 0.021 ?5.00 I 8.00 I 3.90
2005 . I 0.00 I 0.04 1 265.001 43.00 I 3.50

. 1 I 1 1 I
II-A 10/1.5 1I 0.50 I 0.03 1 ?5.00 I 8.00 I 3.80
20/ 1 1.10 I 0.05S1 269.00I <43.00 I 3.40

1 ¢ 1 I I
I-R 10/1.5 I 0.80 I 0.031 7?S.001 8.00 I 3.80
20/ I 1.80 I 0.06 I 315.00 1 43.00 i 3.20

1 I I I

III-B 10/1.5 1 0.10 I 0.021I 74.00 I 6.00 X 3.90
20/ 1 0.20 1 0.0491I 264.001 31.00 I 3.40

1 1 I 1 I
II-8 10/1.5 I 0.60 I 0.021 7?4.001 6.00 I 3.80
20/5 1 1.30 I 0.051I 27?6.00I 31.00 I 3.30

X 1 1 1 I
I-8 10/1.5 1 0.90 1 0.031 7v6.00 I 5.00 I 3.70
205 I 2.00 I 0.06 I 353.00 I 31.00 I 3.10

I I I I T
III-C 10/1.5 I 0.00 I 0.021I 74.00 I 5.00 I 3.90
205 I 0.00 1 0.04I 263.00I 30.00 I 3.40

1 I I 1 I
II-C 10/1.5 I 0.490 I 0.021 74.00 I 6.00 I 3.80
205 1 1.00 I 0.04 I 266.00 I 30.00 I 3.30

I 1 I 1 I
I-¢ 10/1.5 1 0.70 I 0.021 ?4.00 I 6.00 I 3.70
20/5 1 1.50 I 0.051 290.00 I 30.00 I 3.10

RESULTS FOR PAVEMENT HITHOUT SUBDRAINS

(1 kip = 80 kN and 1 in = 25.4 mm)
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Effect of subdrainage on JRCP distress as measured by PREDICT.

Table 51.

PREDICT RESULTS IN THE 9 CLIHATIC RECIONS CREINFORCED PAVEHEHTY> FOR:

RDIENS

PSR €O TO S>

CHO/NILED>

DETER.

CRACKING <FT./NILE>

FAULTING <INCHES>

PUHPI NG <O=LOU, D=l GH>

Lelsleteloisiaisicioicioioiaiaieloladalioldalalalalalelolel
[oislelaloieinicioloicioioiolaie lalalalalatorarrorororetel
L L R I e rarerel

+ NO LONG.
SUBDRALI NS

| S 81
S 111

* HD LONG
SUBDRNI N

r iy
11

PERCEHN

¢
H

SUODRALHS
OIFF 111 VES H HD

PERCENT I11 LOHG.

NO

! FERCEMY 111 LONG. SUBDRAIMNS
! ODIFF 111 YES

HO

1
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REGION AGE/ESAL I YES
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ov |
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11-D
1-B
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el
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0.0
-0
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-y
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20/8

Ixx-C
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- gt
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L T

" ?a.0 ¢
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?4.0 1}
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1]
Qo

(-2-1

(-]

1
20/8 b
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I1-¢

no
on

10/1.8
20/5

I-c

JOINT DETVERIORATION HAS NOT AFFECTED BY THE PRESCENCE OF SUBDRAINS

PSR UAS NOT AFFECTED BY THE PRESCENCE OF SUBDRAINS

.

(1 kip = 80 kN and 1| in = 25.4 mm)



Effect of subgrade strength on JPCP distress as measured
by PEARDARP.

Table 52.

PEARDARP: EFFECT OF SUBGRADE STRENGTH ON PRVENENT DISTRESSES
FRAULTING CAVG. IN.>
YERR T ESAL ITI STRANORRO IIIX STAe Iir STRB LII UNSTRB
ENG I NILLIONS IIISTAB K=s200IIl Kee0Q ! R OIFF  XII KeS00 : % OIFF III Ka=300 : X DIFF
S.0 I 23.389 Iz Q.02¢ III 0.02«4 @ 0.000 III Q.02 9.000 III 0.02S 4,167
10.0 I ?7.S12 Iz 0.029 III Q.028 ¢ 0.000 IIX Q.028 0.000 IIX 0.030 : ?.143
5.0 12.528 °‘IIIr 0.033 11X '9.033 : g.000 IIX ¢.033 @ 0.000 IIX 0.038 ¢ 65.061
SPRALLS <NG. OF JOINTSD
YERR I ESAL III STANORRD IIIX STRE III STRB III UNSTRS
ENO I NMILLIONS IIISTAS KX=200III Ka<00 I X% OIFF III KeSO0 i 2 OIFF III K=300 ¢ R OIFF
S.0 I 3.389 Itz $.000 IIX 6.000 @ 0.000 IIl 6.000 0.000 III 6.000 ¢ 8.000
10.8 & ?.S12 III -4%.000 III “45.000 Q0.000 III 5,000 @ 0.000 IIX 45.000 @ G.000
1S.0 ¢ 12.528 III 133.000 III 133.000 @ g.00C III 133.000 ¢ 0.000 III 133.000 @ G.000
CRACKING <FEETY
YEAR I ESAL III STANDARD IIX STARB IIT STARB III UNSTRB
END I NMILLIONS IIISTAB Kel0OIIl Ke<0O P % OIFF III K=S00 : % DIFF III K=300 : X OIFF
s.0 I 3.389 III 21?7.000 III C.000 :-100.00C IIX Q.000 :=-100.000 IIXI S?9.000 : 166.8320
18.0 I ?.S12 III «?2.000 IIX G.000 :-100.00C III 0.000 -100.000 IIXI ?85.000 : 66.314
15.0 I 12.528 III 621.000 III 0.000 :-100.000 IIIX 0.000 !-100.000 III 895.000 : 49, 122
PUNPING <JOINTSD>
YEAR I ESAL ITII STANDARD III STRB IIiT STAB III UNSTRB
ENO I NILLIONS I[IISTAS Ke200III Kea0OQ : & DIFF IIX KeS00 : 2 OIFF 1III K=300 : 2 OIFF
S.0 I 3.389 Iz a+4.000 ILIX 8«4.000 G.000 III 84.000 @ ©.000 IIX 112.000 33.333
0.2 I ?.S12 III 1?71.000 III 1?71.000 G.000 III 171.000 G.000 IXI 212.000 23.9??7
1S.0 I 12.528 III 270.000 III 2?70.000 0.000 III 29?0.000 0.000 III 318.000 @ re.778
PUNPING <VOLUME FEET~3>
YERR I ESAL IIXI STANORRC IIX STRB III stRe III UNSTRS
ENG I NMILLIONS IIISTRB Km200III Xea00 $ 2 DXFF III ReS0OO ¢ R OXFF III K=300 : % OIFF
S.0 I 3.389 TII 2S1.000 IIXI 251.000 @ Q.000 III 2S1.000 @ Q.000 III 2337.000 34.263
10.0 I ?7.S12 IITI S14.000 IIXI $S14.000 : G.000 III S$14.000 0.000 III 637.000 : 23.930
1S.0 T 12.828 III 910.000 IIT 810.000 @ Q.000 III 810.000 @ 0.000 III 955.000 @ 1?.901
PSI
YEAR I ESAL III STANDARO [IXI STRO ) $ &4 STRB III UNSTARS
ENO I MILLIONS IIISTRB Ke200IIIl Ke-00 ¢ 2 OIFF IIIX K=S500 ! % OIFF 1III X=300 ! # OIFF
S.0 L 3.389 III “4.420 IIX 4.5S00 1.810 II1 4.5S00 1.810 III 4.330 -2.036
10.0 I ?7.S1i2 IIT 3.840 IIX 4.1?0 @ 8.59« III 4.190 @ 9.115 IIX 3.810 : -0.781
1S.6 I 12.528 III 3.280 IIX 3.690 @ 12.S00 IIX 3.730 13.720 11T 3.290 0.308
(1 kip = 80 kN, | in = 25.4 mm, | 1b. = 2.205 kg)
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Table 53. Effect of pavement thickness on JPCP distress as measured by
PEARDARP.
PEARDARP: EFFECT OF THICKNESS ON PAVERNENT DISTRESSES
FRAULTING <AVG. IN.>
YERR I ESAL IXIISTANDARD IIX 111 IIX
END I RILLIONS IIXI 9 IN. III 12 IN. ¢ 2 DIFF III 1S IN. ! 2 DIFF III 6 IN. ! 2 DIFF
S.0 I 3.389 I1X 0.024 III 0.016 (-33.333 111 0.014 [ -411.666 III :
10.0 I 7?7.512 III 0.028 IIX 0.016 {-42.857 III 0.012 !-5?7.142 III :
1S.0 I 12.S28 III 0.033 11X 0.016 (-51.51S I1I 0.012 !-63.636 IIX :
SPALLS <NO. OF JOINTS>
YEAR I EsSAL IIISTANDARD IIIX III IIX
END I RMILLIONS XIXI 9 IN. III 12 IN. ! Z DIFF III 1S IN. $ 2 DIFF III 6 IN. ! 2 DIFF
S$.0 I 3.389 III 6 III 5 3 0 IIX 6 3 0 III H
10.0 I ?7.512 II1 4S5 IIIX 45 0 III <4s 0 III H
1S.0 I 12.S528 III 133 IIX 133 ¢ 0 IXIX 133 ¢ 0o III H
CRACKING <FEET>
YEAR I  ESAL IXIISTANDARD IIIX III IIX
END I RNILLIONS IXI 9 IN. III 12 IN. ! % DIFF III 15 IN. ¢ 2 DIFF III 6 IN. ¢ 2 DIFF
S.0 I 3.389 I1I 217 II1I 0 -100 III [« -100 III H
10.0 I ?.S512 III 472 III 03 -100 III [+ I -100 IIIX :
15.0 I 12.528 III 621 IIIX [« I -100 IIIX o 3 -100 III H
PUMPING <JOINTS>
YERR I ESAL IIISTANDARD IIIX IIX IIX
END I RNILLIONS III 9 IN. III 12 IN. ! 2 DIFF III 1S IN. ! 2 DIFF IIXI 6 IN. : 2 DIFF
$.0 I 3.389 II1 84 III 14 (-83.333 III 2 $-9?7.619 III H
10.0 I ?.S12 I11 171 III 239 (-83.040 III S 1-9?7.076 III :
1.0 I 12.528 III 270 II11 46 :-82.962 II1I ? $~-97.407 IIX :
PUNPING <VOLUNE FEET"3>
YERR I ESRAL ITIISTANDARD III III1 I1I
END I RILLIONS IIXI 9 IN. III 12 IN. ! 2 DIFF III 1S IN. ! R DIFF IIXI 6 IN. : 2 DIFF
S.0 I 3.389 I1I 251 II1I 41 !-83.66S5 III 6 :1-97.609 III :
10.0 I ?7.S12 III S14 111 86 :!-83.268 IIXI 14 :-97.276 III H
15.0 I 12.528 III 810 III 138 !-82.962 IIIX 22 1-97.283 I1III H
PSI
YERR I ESAL IIXISTANDARD IIIX III IIX
END I RILLIONS IXIX 9 IN. IIXI 12 IN. ¢ 2 DIFF III 1S IN. ¢ Z OIFF III 6 IN. : 2 DIFF
S.0 I 3.389 III q4.42 III 4.5 $1.8099S III 4.5 :1.8099S IIX :
10.0 I ?7.S512 III 3.849 III 4.5 117.189S III 4.5 :117.187S IIX :
1S.0 I 12.S28 III 3.28 I1I 4.4S (35.6707 III 4.5 :137.19S51 IIIX :
(1 kip = 80 kN and | in = 25.4 mm)
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Table 54.

Effect of various inputs on fatigue
damage as measured by JCP-1.

JCP1: EFFECT OF PAVERNENT THICKNESS ON FATIGUE DAMAGE
YEARR III STANDARD III III 11X
END 1III 9 IN. III &6 IN. III 12 IN. 111 1S IN.
S.0 IITI 3.149E+03 I1I 3.60E+08 I1II 2.37E-01 111 1.8<4E-03
10.0 III 2.SSE+03 III 3.90E+08 IIl 2.16E-01 III 1.8<4E-03
15.0 . III 2.73E+03 III 4.68E+08 III 2.2SE-01 III 1.9SE-03
20.0 TIII 3.13E+03 IIY S.73E+08 I1I 2.491E-01 IIl1 2.08E-03
JCP1l: EFFECT OF SUBGRADE STRENGTH ON FATIGUE DANMAGE
YEAR III STANDRRD IIX IIX Il1
END III K=200 III K=S0 IIx K=100 I11 K=S5S00
S.0 III 3.14E+03 III 1.82E+04 II1 1.02E+04 III ?7.04E+02
10.0 III 2.SSE+03 III 1.493E+04 III 8.11E+03 III S.87E+02
15S.0 III 2.73E+03 III 1.S4E+04 III B8.67E+03 III 6.2SE+02
20.0 III 3.13€E+03 III 1.80E+04 III 1.00E+04 III ?.10E+02
JCP1: EFFECT OF CLINATIC ZONE ON FATIGUE DRAMAGE
YEAR TIII STANDARD II1l WET IIX DRY
END III UTFZ/DRFZIII NO FREZ III NO FREZ
S.0 IXII 3.149E+03 IIXI 3.12E+03 1II1 2.20E+03
10.0 IIX 2.5SSE+03 III 2.S3E+03 I1I 1.82E+03
15.0 III 2.73E+03 III 2.7?3E+03 III 1.98E+03
20.0 III 3.13E+03 III 3.18E+03 III 2.32E+03
JCP1: EFFECT OF SLAB LENGTH ON FATIGUE DAMAGE
YEAR II1 STANDARD IIIX 111
END IIX 1S FT. 111 10 FT. III 20 fFT.
5.0 III 3.1<4E+03 IIXY S.?71E+02 III 1.61E+04
10.0 III 2.SSE+03 III 4.649E+02 III 1.32E+04
1S.0 IIXII 2.7?3E+03 III 4.90E+02 III 1.43E+04
20.0 III 3.13E+03 III S.S5S6E+02 III 1.67E+Q4
(1 in = 25.4 mm and 1 1b = 2.205 kg)
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Table 55.

as measured by JCP-1.

JCP1: EFFECT OF PRAVERENT

THICKNESS ON SERVICERBILITY

Effect of various inputs on serviceability

YEAR 11l STANDARD III 111
END IIIX 9 IN. III 12 IN. ! 2 OIFF XIII 1S IN. ! 2 DIFF
S.0 II1 <“4.1 III 4.3 @ 4.9 III q4.4 3 7.3
10.0 III 3.4 IXI 4.1 3 20.6 III 4.2 23.5
1S.0 I11 2.7 I1X 3.7 ¢ 37.0 I1X 4.1 ¢ S51.9
20.0 III C. 2.2 III J.4 2 S4.5 III 3.9 ¢ ??.3

NOTE: FOR & INCH PAVEHENT SERVICEABILITY WAS TOO LOMW

FOR THE PAVENENT TO BE CONSIDERED RN
“ADEQUATE STRUCTURE*

JCP1: EFFECT OF SUBGRADE STRENGTH ON SERVICERBILITY
YEAR III STANDARD III III 11X
END IXII K=200 III K=So ! 2 DIFF III K=100 ! 2 DIFF III K=S00 # DIFF
S.0 Iz 4.1 III 4.0 @ -2.4 III 4.1 ¢ 0.0 IIX 4.1 0.0
10.0 1III 3.4 III 3.0 -11.8 III 3.2 ¢ -5.9 III 3.6 S.9
15.0 I1I 2.7 I1I 2.2 ¢ -18.5 III 2.9 ! -11.1 IIX 3.0 11.1
20.0 III 2.2 III N/A ¢ III 2.1 ¢ -4.5 II1I 2.6 18.2

JCP1l: EFFECT CLINATIC ZONE ON SERVICEABILITY
YEAR 1III STANDARD I1I NET 11X DRY
END IIXI WHTFZ/DRFZIII NO FREZ | 2 DIFF III NO FREZ ! % DIFF
S.0 IIX 4.1 IIX 4.1 ! 0.0 III 4.1 3 0.0
10.0 IIIX 3.4 III 3.4 ¢ 0.0 IXII 3.4 ¢ 0.0
15S.0 III 2.7 III 2.7 ¢ 0.0 III 2.7 ¢ 0.0
20.0 IIIXI 2.2 III 2.2 ¢ 0.0 IIIX 2.2 ¢ 0.0.~

JCP1:EFFECT OF SLAB LENGTH ON SERVICEABILITY
YEAR III STANDARD III III
END IIXI 15 FT. 1III 10 FT. ! 2 DIFF III 20 FT. ! 2 DIFF
S$.0 I1X “4.1 IXIX 4.1 ¢ 0.0 III 4.1 2 0.0
10.0" III 3.4 III 3.4 @ 0.0 IIIX 3.4 0.0
1S.0 IIIX 2.7 11X 2.7 ¢ 0.0 III 2.7 3 9.0
20.0 III 2.2 III 2.2 3 0.0 III 2.2 ¢ 0.0
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Table 57. Effect of loss of support, drainage factor, and
ESAL's on design using DNPS 86.

AARSHTO: EFFECT OF LOSS OF SUPPORT RAND DRAINAGE OMN

RASHTO OUTPUTS II STANDRRD 1II LOSS OF SUPPORT/DRRINAGE FACTORS
II 1.0/6.00 11 0.5/6.00 ! 2 DIFF I 1.0/0 ! 22 DIFF
EFFECTIVE MODULUS OF I II : I H
SUBGRADE RERCTION <K> IIX 263.0 IIX “483.0 @ 83.7 I 263.0 ¢ .0
REQUIRED SLAB 1 II : I H
THICKNESS CINCHES> II 8.3 IX 7.9 2 -<4.9 I 8.3 ¢ 0.0
ALLOWABLE 18-KIP ESAL II II : I H
REPETITIONS <MILLIOND II 3.7 11 3.7 0.01 3.7 3 0.0

AASHTO: EFFECT OF INITIAL ESAL ON DESIGN

AASHTO OUTPUTS IX STANDARD IX INITIAL ESAL
II 31.0/6.00 II ?S0000 : & OIFF
EFFECTIVE RNODULUS OF II II H
SUBGRRADE RERCTION <K> II 263.0 II 263.0 ¢ 0.0
REQUIRED SLRB II I1 H
THICKNESS CINCHES> 1II 8.3 1II 10.0 ¢ 19.8
ALLOMABLE 18-KIP ESAL X1 Ix :
REPETITIONS <HILLION> XI 3.7 IX 11.2 ¢ 200.0
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Table 59. Effect of subgrade strength and load transfer on PCA design outputs.

PCA: EFFECT OF NODULUS OF SUBGRADE REACTION ON DESIGN

PCR OUTPUTS 11 STANDARD II NODULUS OF SUBGRADE REACTION 1

1z 200 Iz S0 ! ¥ DIFF I 100 ! % DIFF 1 SO0 $ 2 DIFF 1

REQUIRED SLAB II II : I H I H 1
THICKNESS <CINCHES> 1I1I 9.5 II 10.5 ¢ 1.5 I 10.0 ¢ $.31 8.0 ¢ =-1S.8 1
TOTAL FATIGUE II II : I H I : I
LIFE USED <> II 90.5 II 98.8 9.2 1 95.3 ¢ $.3 1 91.3 ¢ 0.9 1

PCR: EFFECT OF LONGITUBINAL SND TRANSVERSE LOAD TRANSFER ON DESIGN

PCA OUTPUTS II STRNDARD II LOAD TRANSFER IIIX
II0DOMEL/TIE II NO DOMEL : 2 DIFF I NO TIE ! 2 DIFF III

REQUIRED SLAB . IX 11 : I ¢ I
THICKNESS <CINCHES> II 9.5 1I 11.5 3 21.11 10.5 ¢ 10.5S II1I
TOTAL FATIGUE I II : I : 111
LIFE USED <2 Iz 90.5 II 95.8 ¢ S.9 1 88.5 ¢ -2.2 111

(1 1b = 2.205 kg and | in

25.4 mm)
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Table 60. Effect of subgrade strength on California rigid
pavement design outputs.

CALIFORNIA RIGID DESIGN: EFFECT OF R-VALUE ON DESIGN

OUTPUTS I1 I1 - IT1

II 2S 1I 43  III

REQUIRED SLRB 11 Ix O IIX
THICKNESS <CINCHES> 1I1I 10.2 II 10.2 III
II II IIX

SUBBRSE TYPE I1 CTB/ASB 1II cTB III
IX II IIX

SUBBASE THICKNESS II 6%/8.4" 11 6" IIX
IX Ix . IIX

R=VALUE 1x 25 IIx 43 III

NOTE: . The surface thickness is a function of the traffic.
The subbase types and thicknesses vary with subgrade conditions.

(I in = 25.4 mm)
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Table 64. Effect of various inputs on JRCP4 outputs.

JRCP4: EFFECT OF TEMPERATURE, SLAB LENGTH, AND SLAB THICKNESS.

: SLAB THICKNESS T
SLAB ! ! I !
LENGTH ! LR ! 10" : 12" !
! : ' !
! 16.50 = ! 12.78 ! 10.33 !
20° ! .03241 xz ! ,03203 ! .03192 !
' ] 1} 7
! 45.12 ! 36.73 ! 30.57 ]
a0’ ! .05S800 ! .05838 t  .05904 ¢
! ! ! !
. ! 76.03 ! 62.43 't 53.20 '

60’ ! 07573 ! .07826 ! .08042 !

* Maximum Concrete Stress in the Center of the Slab
Before the Crack Occurs (PSI).

** Joint Movement (IN).

Curing Temperature = 45 F.

Minimum Temperature = 5 F.

JRCP4: EFFECT OF TEMPERATURE, SLAB LENGTH, AND SLAB THICKNESS.

r SLAB THICKNESS !

SLAB It r ' !
LENGTE ! 8" ! 10" ! 12" !
! ! ! !

!o14.53 £ ¢ 11,24 1 g.12 !

20’ ! .02446 2 ! 02402 ! .02387 ¢
1] ] ] 1

! 38.79  t 31.17 1 26.41 !

40’ ' .04311 ' .0433 ! .04364 !
] ] 1 '

!64.1T ! 53.05 r 45.14 1

'

1]

60" ! .08542 !t .08702 ! .05869

* Maximum Concrete Stress in the Center of the Slab
Before the Crack Occurs (PSI).

*x Joint Movement (IN).

Curing Temperature = 100 F.

Minimum Temperature = 70 F.

(1 im = 25.4 mm and °C = 5/9 (°F-32), and 1 psi = 6.894 kPa)
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APPENDIX D

SUMMARY OF ANALYSIS DATA FOR THE
EVALUATION OF PREDICTIVE MODELS

1. INTRODUCTION

Under this study, several predictive models were evaluated. These models
include the AASHTO design equation, the PEARDARP models, the COPES models,
and the PFAULT models. The predictive models were used to generate the
predicted values based on site-specific inputs which were obtained from field
surveys, construction records, and previously published reports. The actual
performance data were measured during the field surveys. This appendix presents
the summary tables and graphs resulting from the comprehensive statistical
analyses performed to evaluate the predictive models. The design and
performance information gathered for each section is summarized in volume IV.
Volume II presents the methodology employed in these analyses as well as a
detailed explanation of the results.

2, DESCRIPTION OF TABLES AND FIGURES

A multitude of tables and graphs are presented herein to supplement the
discussion of volume II. Tables 65 through 69 and figures 17 through 21 represent
the results of the analyses of the AASHTO design equation. The results of the
analyses of the PEARDARP models are presented in tables 70 through 101 and
figures 22 through 52. Tables 102 through 146 and figures 53 through 97 illustrate
the analyses of the COPES models, while tables 147 through 157 and figures 98
through 108 represent the results of the PFAULT analysis. Table 158 is an
itemized listing of all of the input variables for each section which were used to
analyze the various models.
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Table 65. Actual ESAL’s (based on ADT) versus ESAL’s as predicted using the
AASHTO design equation for all Phase I sections. -

Section Actual Predicted
ID ESAL's ESAL's Difference
AZ 11 3968618 5390854 1422236
AZ 12 3414954 48472076 45057122
AZ 14 2387085 73223621 70836536
AZ 1-5 2801246 27569140 24767894
AZ 1-6 2012173 20088394 18076221
AZ 1-7 1522951 15829304 14306353
AZ 2 1622817 26346047 24723230
CA 11 7621830 3397328 4224502
CA 13 7621830 3998471 3623359
CA 1-5 . 7621830 96074941 - 88453111
CA 1-7 7621830 9589304 1967474
CA 19 7621830 - 8719466 1097636
CA 22 4423827 4364140 59687
CA 23 4423827 706241 3717586
CA 31 3641197 2758625 882572
CA 3-2 3641197 5001246 1360049
CA 35 3641197 5245140 1603943
CA 6 4434338 7348331 2913993
CA7 10524966 1445695 9079271
CA S8 5263439 5115692 147747
FL 2 2005755 47913163 45907408
FL 3 5967175 5231660 735515
MI 1-1a 885249 9870400 8985151
MI 1-1b 885249 5551862 4666613
MI 1-4a 885249 4244329 3359080
MI 1-7a 885249 6361392 5476143
MI 1-7b 885249 2468056 1582807
MI 1-10a 885249 2720817 1835568
MI 1-10b 885249 3180672 2295423
MI 1-25 885249 2160668 1275419
M3 2768818 5856575 3087757
MI 4-1 4367392 6276089 1908697
Ml 4-2 4367392 6420228 2052836
MI 5 3123694 7872373 4748679
MN-1 5518188 3035032 2483156
MN 1-2 5518188 14781654 9263466
MN 1-3 5518188 2122105 3396083
MN 1-4 5518188 2344959 3173229
MN 1-5 5518188 773411 4744777
MN 1-6 5518188 1348804 4169384
MN 1-7 5518188 1302798 4215390
MN 1-8 5518188 4645086 873102
MN 1-9 5518188 1404908 4113280
MN 1-10 . 5518188 5347315 : 170873
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Table 65. Actual ESAL’s (based on ADT) versus ESAL’s as predicted using the
AASHTO design equation for all Phase I sections (continued).

Section Actual Predicted
ID ESAL’s ESAL’s Difference
MN 1-11 5518188 649608 4868580
MN 1-12 5518188 2337369 3180819
MN 2-1 2785505 3943992 1158487
MN 2-2 2785505 948723 1836782
MN 2-3 2785505 2089325 696180
MN 2-4 2785505 2456677 328828
MN 3 1495624 1963278 467654
MN 4b 218813 907487 688674
MN 5 5518188 5317725 200463
MN 6a 845032 1245151 400119
NJ 2 34813131 12175454 22637677
NJ 3-1 4181394 10146071 5964677
NJ 3-2 4181394 11988764 7807370
NY 1-1 3136345 1338290 1798055
NY 1-3 3136345 4721918 1585573
NY 14 3136345 1928422 1207923
NY 1-6 3136345 876615 2259730
NY 1-8a 3136345 1910165 1226180
NY 1-8b 3136345 3092095 44250
NY 2-3 1428074 8862139 7434065
NY 2-9 1428074 4835568 3407494
NY 2-11 1428074 4187432 2759358
NY 2-15 1428074 1986258 558184
NC 1-1 9137389 2254068 6883321
NC 1-2 9137389 3854366 5283023
NC 1-3 9137389 2050734 7086655
NC 14 9137389 5128565 4008824
NC 1-5 9137389 1969204 7168185
NC 1-6 9137389 1134801 8002588
NC 1-7 9137389 2041842 7095547
NC 1-8 9137389 1818467 7318922
NC 2 5755336 14685777 8930441
OH 1-1 3424613 2616350 808263
OH 1-3 3424613 1719740 1704873
OH 1-4 3424613 2407985 1016628
OH 1-6 3424613 2595204 829409
OH 1-7 3424613 7018721 3594108
OH 1-9 3424613 4157382 732769
OH 1-10 3424613 : 5467127 2042514
OH 2-33a 3295668 87540724 84245056
OH 2-33b 3295668 68000765 64705097
PA 1-1 603407 4015023 3411616
PA 1-2 270228 28375209 28104981
PA 1-3 270228 23476741 23206513
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Table 65. Actual ESAL’s (based on ADT) versus ESAL’s as predicted using the
AASHTO design equation for all Phase I sections (continued).

Section Actual Predicted
ID ESAL’s ESAL’s Difference

PA 1-4 270228 20266347 19996119

PA 1-5 270228 9456488 9186260
ONT 1-1a 1011133 10920554 9909421
ONT 1-1b 1011133 10920554 9909421
ONT 1-2a 1011133 1164537 153404
ONT 1-2b 1011133 1309615 298482
ONT 1-3a 1011133 1639857 628724
ONT 1-3b 1011133 1639857 628724
ONT 1-4a 1011133 1001419 9714
ONT 1-4b 1011133 908542 102591

ONT 2 35649275 2310396 33338879

Analysis Variable : DIFESAL

N Obs Mean Std Error T Prob>ITI

99  8845439.92  1672589.92 52884690  0.0001
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AASHTO Design Equation

All Phase | Sections

Predicted ESAL's (Millions) n=99
100 :
80 fmececcccnacsan Trrrneee e B R R PR TS
60 e et e ittt it ttiieieetacmeecsrneasaantancsasaacaasesssesssoaassaceeneananosanasoncasancasansansasocassns

Actual ESAL’s (Millions)

Figure 17. Actual ESAL's (‘based on ADT) versus ESAL's as predicted
using the AASHTO design equation for all Phase I sectioms.
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Table 66. Actual ESAL’s (based on ADT) versus ESAL’s as predicted using the
AASHTO design equation for the dry-freeze region. -

Section Actual Predicted
ID ESAL’s ESAL’s Difference

MN 1-1 5518188 3035032 2483156
MN 1-2 5518188 14781654 9263466
MN 1-3 5518188 2122105 3396083
MN 1-4 5518188 2344959 3173229
MN 1-5 5518188 773411 4744777
MN 1-6 5518188 1348804 4169384
MN 1-7 5518188 1302798 4215390
MN 1-8 5518188 4645086 873102
MN 1-9 5518188 1404908 4113280
MN 1-10 5518188 ‘ 5347315 170873
MN 1-11 5518188 649608 4868580
MN 1-12 5518188 2337369 3180819
MN 2-1 2785505 3943992 1158487
MN 2-2 2785505 948723 1836782
MN 2-3 2785505 2089325 696180
MN 2-4 2785505 2456677 328828
MN 3 1495624 1963278 467654
MN 4b 218813 907487 688674
MN 5 5518188 5317725 200463
MN 6a 845032 1245151 400119

Analysis Variable : DIFESAL

N Obs Mean Std Error T Prob>ITI

20  2521466.30 517646.83 48710166  0.0001
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Table 67. Actual ESAL’s (based on ADT) versus ESAL’s as predicted using the
AASHTO design equation for the dry-nonfreeze region. ’

Section Actual Predicted
ID ESAL’s ESAL's Difference

AZ 1-1 3968618 5390854 1422236
AZ 12 3414954 48472076 45057122
AZ 14 2387085 73223621 70836536
AZ 15 2801246 27569140 ' 24767894
AZ 1-6 2012173 20088394 18076221
AZ 1-7 1522951 15829304 14306353
AZ 2 1622817 26346047 24723230
CA 11 7621830 3397328 4224502
CA 13 7621830 3998471 3623359
CA 15 7621830 96074941 88453111
CA 1-7 7621830 9589304 1967474
CA 19 7621830 8719466 1097636
CA 22 4423827 4364140 59687
CA 23 4423827 706241 3717586
CA 6 4434338 7348331 2913993
CA7 10524966 1445695 9079271
CA 8 5263439 5115692 147747

Analysis Variable : DIFESAL

N Obs Mean Std Error T Prob>ITI

17 18498468.12  6345904.66 29150246  0.0101
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AASHTO Design Equation

Dry-Freeze Region
Predicted ESAL’s (Millions) n=20
16
14 bR R T R R I N
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Actual ESAL’s (Millions)
Figure 18. Actual ESAL's (based on ADT) versus ESAL's predicted using

80
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40

20

Figure 19.

the AASHTO Design equation for the dry-freeze region.

AASHTO Design Equation

Dry-Nonfreeze Region

Predicted ESAL's (Millions) n=17
. | ]
1 .I ™ k) ! ] ' 1 1 ! L] ]

0 1 2 3 4 5 6 7 8 9 10 N 12

Actual ESAL’s (Millions)

the AASHTO design equation for the dry-nonfreeze region.
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Table 68. Actual ESAL’s (based on ADT) versus ESAL’s as predicted using
AASHTO design equation for the wet-freeze region.

the

Section Actual Predicted
D ESAL’s ESAL’s Difference
MI 1-1a 885249 9870400 8985151
MI 1-1b 885249 5551862 4666613
MI 1-4a 885249 4244329 3359080
MI 1-7a 885249 6361392 5476143
MI 1-7b 885249 2468056 1582807
MI 1-10a 885249 2720817 1835568
‘MI 1-10b 885249 3180672 2295423
MI 1-25 885249 2160668 1275419
MI 3 2768818 5856575 3087757
MI 4-1 4367392 6276089 1908697
MI 4-2 4367392 6420228 2052836
MI 5 3123694 7872373 4748679
NJ 2 34813131 12175454 22637677
NJ 3-1 4181394 10146071 5964677
NJ 3-2 4181394 11988764 7807370
NY 1-1 3136345 1338290 1798055
NY 1-3 3136345 4721918 1585573
NY 14 3136345 1928422 1207923
NY 1-6 3136345 876615 2259730
NY 1-8a 3136345 1910165 1226180
NY 1-8b 3136345 3092095 44250
NY 2-3 1428074 8862139 7434065
NY 29 1428074 4835568 3407494
NY 2-11 1428074 4187432 2759358
NY 2-15 1428074 1986258 558184
OH 1-1 3424613 2616350 808263
OH 1-3 3424613 1719740 1704873
OH 14 3424613 2407985 1016628
OH 1-6 3424613 2595204 829409
OH 1-7 3424613 7018721 3594108
OH 19 3424613 4157382 732769
OH 1-10 3424613 5467127 2042514
OH 2-33a 3295668 87540724 84245056
OH 2-33b 3295668 68000765 64705097
PA 1-1 603407 4015023 3411616
PA 1-2 270228 28375209 28104981
PA 1-3 270228 23476741 23206513
PA 1-4 270228 20266347 19996119
PA 1-5 270228 9456488 9186260
ONT 1-1a 1011133 10920554 9909421
ONT 1-1b 1011133 10920554 9909421
ONT 1-2a 1011133 1164537 153404
ONT 1-2b 1011133 1309615 298482
ONT 1-3a 1011133 1639857 628724
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Table 68.  Actual ESAL’s (based on ADT) versus ESAL’s as predicted using the
AASHTO design equation for the wet-freeze region (continued). ~

Section Actual Predicted -

ID ESAL’s ESAL’s Difference
ONT 1-3b 1011133 1639857 628724
ONT 1-4a 1011133 1001419 9714
ONT 1-4b 1011133 908542 102591

ONT 2 35649275 2310396 33338879

Analysis Variable : DIFESAL

N Obs Mean Std Error T Prob>ITI

48  8302672.40  2308752.11 3.5961732  0.0008
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Table 69. Actual ESAL’s (based on ADT) versus ESAL’s as predicted using the
AASHTO design equation for the wet-nonfreeze region. '

Section Actual Predicted :
ID ESAL’s ESAL’s Difference
CA 31 3641197 2758625 882572
CA 32 3641197 5001246 1360049
CA 35 3641197 5245140 1603943
FL 2 2005755 47913163 45907408
FL 3 5967175 5231660 735515
NC 1-1 9137389 2254068 6883321
NC 1-2 9137389 3854366 5283023
NC 1-3 9137389 2050734 7086655
NC 14 9137389 5128565 4008824
NC 1-5 9137389 1969204 7168185
NC 1-6 9137389 1134801 8002588
NC 1-7 9137389 2041842 7095547
NC 1-8 9137389 1818467 - 7318922
NC 2 5755336 14685777 8930441

Analysis Variable : DIFESAL

N Obs Mean Std Error T Prob>ITI

14 8019070.93  3014277.08 2.6603629 0.0196

125



AASHTO Design Equation

Wet-Freeze Region

100 e ESALS (lins) =48
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Figure 20. Actual ESAL's (based on ADT) versus ESAL's as predicted
using the AASHTO design equation for the wet-freeze region.

AASHTO Design Equation

Wet-Nonfreeze Region

50 Predicted ESAL's (l\fillions) n=14

R
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D) e eeee e ettt
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Actual ESAL’s (Millions)

Figure 21. Actual ESAL's (based on ADT) versus ESAL's as predicted using

the AASHTO design equation for the wet-nonfreeze region.
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Table 70. Actual PSR as determined by a panel of users versus PSI as
predicted by the PEARDARP PSI model for all Phase I sectioms.

Section Measured Predicted

D PSR PSI Difference
AZ 1-1 3.4 3.83840 0.43840
AZ 1-2 3.8 4.61179 0.81179
AZ 1-4 3.6 4,02162 0.42162
AZ 1-5 3.8 4.27845 0.47845
AZ 1-6 3.5 4.09450 0.59450
AZ 1-7 3.8 4.18487 0.38487
AZ 2 3.6 4.50871 0.90871
CA 1-1 2.9 4.01136 1.11136
CA 1-3 3.0 4.09483 1.09483
CA 1-5 2.7 3.75125 1.05125
QA 1-7 2.7 3.97884 1.27884
CA 1-9 2.5 3.76244 1.26244
CA 2-2 3.8 3.95092 0.15092
CA 2-3 4.1 4.01003 0.08997
CA 3-1 3.6 3.51742 0.08258
CA 3-2 3.9 3.98322 0.08322
CA 3-5 3.8 3.97460 0.17460

6 3.4 3.30703 0.09297
7 3.8 4.18935 0.38935
8 3.8 4.16959 0.36959
2 3.7 4.62917 0.92917
3 3.2 4.,21346 1.01346
1-la 3.6 4.09540 0.49540
1-1b -3 4.16516 0.86516
1-4a .9 4.90967 1.00967

.6 4,73423 1.13423
1-7b .7 5.00000 1.30000

4.07975 1.17975
3.97914 1.17914
3.31366 0.41366
5.00000 0.20000
3.54548 1.14548

e o o

.

AEARAAAARARAAHRESR

3
3
3
3
2.9
2.8
2.9
4.8
2.4
4-2 2.4 3.79985 1.39985
5 4.2 5.00000 0.80000
MN 1-1 3.7 4.81157 1.11157
MN 1-2 3.3 3.96843 0.66843
MN 1-3 3.4 4.94663 1.54663
MN 1-4 3.3 3.87900 0.57900
MN 1-5 3.4 4.87743 1.47743
MN 1-6 3.4 3.89595 0.49595
MN 1-7 3.6 5.00000 1.40000
MN 1-8 3.4 4.08421 0.68421
MN 1-9 3.7 4.87483 1.17483
MN 1-10 3.3 3.89619 0.59619
MN 1-11 3.7 4.83348 1.13348
MN 1-12 3.5 3.85523 0.35523
MN 2-1 3.8 4.49176 0.69176
MN 2-2 3.9 4.31084 0.41084
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Table 70. Actual PSR as determined by a panel of users versus PSI as predicted
by the PEARDARP PSI model for all Phase I sections (continued).

Section Measured Predicted

ID PSR PsSI Difference
MN 2-3 4.0 4.42467 0.42467
MN 2-4 4.0 4.09948 0.09948
MN 3 3.8 4.97845 1.17845
MN 4b 4.7 5.00000 0.30000
MN 5 3.3 3.98914 0.68914
MN 6éa 4.5 4.85733 0.35733
NT 2 . 3.8 4.6113% 0.81139
NI 3-1 3.6 3.60393 0.00393
NJ 3-2 3.5 3.39049° 0.10951
NY 1-1 4.0 4.76943 0.76943
NY 1-3 3.6 4.36094 0.76094
NY 14 3.4 4.18630 0.78630
NY 1-6 3.9 4.30671 0.40671
NY 1-8a 4.1 4.61931 0.51931
NY 1-8b 3.8 4.6117% 0.81179
NY 2-3 4.2 4,63033 0.43033
NY 2-9 4.0 4.,55597 0.55597
NY 2-11 4.1 4.,40455 0.30455
NY 2-15 4.0 4.63557 0.63557
NC 1-1 3.4 4.31035 0.91035
NC 1-2 3.5 4.32475 0.82475
NC 1-3 3.6 4.,33677 0.73677
NC 1-4 3.4 4,27845 0.87845
NC 1-5 3.2 3.96187 0.76187
NC 1-6 3.8 4.,54283 0.74283
NC 1-7 4 4.,25623 0.85623

4.65600 0.85600
4.39160 0.59160
4.52574 0.82574
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3
NC 1-8 3.7 4.08872 0.38872
NC 2 4.2 4.61523 0.41523
CH 1-1 4.2 3.88380 0.31620
CH 1-3 4.2 3.96489 0.23511
O 1-4 4.1 3.70739 0.39261
CH 1-6 4.2 3.96700 0.23300
OH 1-7 4.2 3.79489 0.40511
CH 1-9 4.2 3.86923 0.33077
CH 1-10 4.2 3.72167 0.47833
OH 2-33a 3.4 4.18999 0.78999
OH 2-33b 3.5 4.26394 0.76394
PA 1-1 4.2 4.41345 0.21345
PA 1-2 3.8 4.18487 0.38487
PA 1-3 3.7 3.86887 0.16887
PA 1-4 4.1 3.92323 0.17677
PA 1-5 4.1 4.32643 0.22643
ONT 1-la 3.8 4.20025 0.40025

3.8

3.8

3.7



Table 70. Actual PSR as determined by a panel of users versus PSI as predicted
by the PEARDARP PSI model for all Phase I sections (continued).

D PSR PSI Difference
ONT 1-3a 3.8 4.72767 0.92767
ONT 1-3b 3.8 4.55802 0.75802
ONT 1-4a 3.7 4.57997 0.87997
ONT 1-4b 3.8 4.45336 0.65336
ONT 2 3.9 3.98322 0.08322

Analysis Variable : DIFPSR

N Obs Mean Std Error T Prob>|T|

99 0.6487074 0.0375570 17.2726296 0.0001
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Figure 22. Actual PSR as determined by a panel of users versus PSI as predicted
' by the PEARDARP PSI model for all Phase I sectioms.
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Table 71. Actual PSR as determined by a panel of users versus PSI as predicted by the
PEARDARP PSI model for the dry-freeze region.

Section Actual Predicted

ID PSR PSI Difference
MN 1-1 3.7 4.81157 1.11157
MN 1-2 3.3 3.96843 0.66843
MN 1-3 3.4 4.94663 1.54663
MN 1-4 3.3 3.87900 0.57900
MN 1-5 3.4 4.87743 1.47743
MN 1-6 3.4 3.89595 0.49595
MN 1-7 3.6 5.00000 1.40000
MN 1-8 3.4 4.08421 0.68421
MN 1-9 3.7 4.87483 1.17483
MN 1-10 3.3 3.89619 0.59619
MN 1-11 3.7 4.83348 1.13348
MN 1-12 3.5 3.85523 0.35523
MN 2-1 3.8 4.49176 0.69176
MN 2-2 3.9 4.31084 0.41084
MN 2-3 4.0 4.42467 0.42467
MN 2-4 4.0 4.09948 0.09948
MN 3 3.8 4,97845 1.17845
MN 4b 4.7 5.00000 0.30000
MN 5 3.3 3.98914 0.68914
MN 6a 4.5 4.85733 0.35733

Analysis Variable : DIFPSR

N Obs Mean Std Error T Prob>|T|

20 - 0.7687315 0.0961522 7.9949480 0.0001
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Table 72. Actual PSR as determined by a panel of users versus  PSI as predicted by
the PEARDARP PSI model for the dry-nonfreeze region.

Section Actual Predicted

ID PSR PsI Difference
AZ 1-1 3.4 3.83840 0.43840
AZ 1-2 3.8 4.61179 0.81179
AZ 1-4 3.6 4.02162 0.42162
AZ 1-5 3.8 4,27845 0.47845
AZ 1-6 3.5 4.09450 0.59450
AZ 1-7 3.8 4.18487 0.38487
AZ 2 3.6 4.50871 0.90871
A 1-1 2.9 4.01136 1.11136
CA 1-3 3.0 4,09483 1.09483
CA 1-5 2.7 3.75125 1.05125
CA 1-7 2.7 3.97884 1.27884
CA 1-9 2.5 3.76244 1.26244
Ca 2-2 3.8 3.95092 0.15092
CA 2-3 4.1 4.01003 0.08997
CA 6 3.4 3.30703 0.09297
CA 7 3.8 4.18935 0.38935
CA 8 3.8 4,16959 0.36959

Analysis Variable : DIFPSR

N Obs Mean Std Exror T Prob>|T|

17 0.6429329 0.0987758 6.5090146 0.0001
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Figure23. Actual PSR as determined by a panel of users versus PSI as predicted by
the PEARDARP PSI model for the dry-freeze region.
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Figure 24, Actual PSR as determined by a panel of users i}ersus PSI as predicted by
the PEARDARP PSI model for the dry-nonfreeze region.
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Table 73. Actual PSR as determined by a panel of users versus PSI as predicted by

the PEARDARP PSI model for the wet-freeze region.

Section Actual Predicted
ID PSR PsSI Difference

MI 1-l1a 3.6 4.09540 0.49540
MI 1-1b 3.3 4.16516 0.86516
MI 1-4a 3.9 4.90967 1.00967
MI 1-7a 3.6 4,73423 1.13423
MI 1-7b 3.7 5.00000 1.30000
MI 1-10a 2.9 4.07975 1.17975
MI 1-10b 2.8 3.97914 1.17914
MI 1-25 2.9 3.31366 0.41366
MI 3 4.8 5.00000 0.20000
M 4-1 2.4 3.54548 1.14548
MI 4-2 2.4 3.79985 1.39985
MI 5 4.2 5.00000 0.80000
N 2 3.8 4.61139 0.81139
NJ 3-1 3.6 3.60393 0.00393
NI 3-2 3.5 3.39049 0.10951
NY 1-1 4.0 4.76943 0.76943
NY 1-3 3.6 4.36094 0.76094
NY 1-4 3.4 4,18630 0.78630
NY 1-6 3.9 4.30671 0.40671
NY 1-8a 4.1 4.61931 0.51931
NY 1-8b 3.8 4.61179 0.81179
NY 2-3 4.2 4.63033 0.43033
NY 2-9 4.0 4.,55597 0.55597
NY 2-11 4.1 4.40455 0.30455
NY 2-15 4.0 4.63557 0.63557
CH 1-1 4.2 3.88380 0.31620
CH 1-3 4.2 3.96489 0.23511
OH 1-4 4.1 3.70739 0.39261
OH 1-6 4.2 3.96700 0.23300
CH 1-7 4.2 3.79489 0.40511
CH 19 4.2 3.86923 0.33077
OH 1-10 4.2 3.72167 0.47833
OH 2-33a 3.4 4.18999 0.78999
OH 2-33b 3.5 4.26394 0.76394
PA 1-1 4.2 4.41345 0.21345
PA 1-2 3.8 4,18487 0.38487
PA 1-3 3.7 3.86887 0.16887
PA 1-4 4.1 3.92323 0.17677
PA 1-5 4.1 4.32643 0.22643
ONT 1-la 3.8 4.20025 0.40025
ONT 1-1b 3.8 4.65600 0.85600
ONT 1-2a 3.8 4.39160 0.59160
ONT 1-2b 3.7 4.52574 0.82574
ONT 1-3a 3.8 4.,72767 0.92767
ONT 1-3b 3.8 4.55802 0.75802
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Table 73. Actual PSR as determined by a panel of users versus PSI as predicted by
the PEARDARP PSI model for the wet-freeze region (continued).

Section Actual Predicted
ID PSR PSI Difference
ONT 1-4a . 4.57997 0.87997

3.7
ONT 1-4b 3.8 4.45336 0.65336
ONT 2 3.9 3.98322 0.08322

.

Analysis Variable : DIFPSR

N Cbs Mean std Error T Prob>|T|

48 0.6066526 0.0503567 12.0470978 0.0001
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Table 74. Actual PSR as determined by a panel of users versus PSI as predicted by
the PEARDARP PSI model for the wet-nonfreeze region.

;
j

Predicted

D PSR PSI Difference
CA 3-1 3.6 3.51742 0.08258
CA 3-2 3.9 3.98322 0.08322

- CA 3-5 3.8 3.97460 0.17460
FL 2 3.7 4.62917 0.92917
FL 3 3.2 4.21346 1.01346
NC 1-1 3.4 4.31035 0.91035
NC 1-2 3.5 4.32475 0.82475
NC 1-3 3.6 4.33677 0.73677
NC 1-4 3.4 4.,27845 0.87845
NC 1-5 3.2 3.96187 0.76187
NC 1-6 3.8 4.54283 0.74283
NC 1-7 3.4 4.25623 0.85623
NC 1-8 3.7 4.08872 0.38872
NC 2 4.2 4.61523 0.41523

Analysis Variable : DIFPSR

N Obs Mean Std Error T Prob>|T|

14 0.6284444 0.0882623 7.1201886 0.0001
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Figure 25. Actual PSR as determined by a panel of users versus PSI as predicted
by the PEARDARP PSI model for the wet-freeze region.
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Figure 26. Actual PSR as determined by a panel of users versus PSI as predicted
by the PEARDARP PSI model for the wet-nonfreeze regiom.
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Table 75. Actual field measured roughness versus roughness as predicted using the
PEARDARP roughness model for all Phase I sectioms.

Actual

Section Mays Predicted
D Roughness Roughness Difference

AZ 1-1 114 190 76
AZ 1-2 65 162 97
AZ 1-4 102 143 41
AZ 1-5 85 155 70
AZ 1-6 97 136 39
AZ 1-7 91 114 - 23
AZ 2 71 117 46
A 1-1 102 233 131
A 1-3 94 220 126
CA 1-5 122 169 47
QA 1-7 102 214 112
QA 1-9 116 215 99
A 2-2 107 199 92
G 2-3 98 208 110
A 3-1 134 191 57
A 3-2 104 183 79
CA 3-5 102 179 77
CA 6 158 195 37
a7 87 216 129
CA 8 92 190 o8
FL: 2 64 133 69
FL 3 84 215 131
MI 1-la 96 76 20
MI 1-1b o1 69 22
MI 1-4a 48 77 29
MI 1-7a 58 74 16
MI 1-7b 36 68 32
MI 1-10a o8 70 28
MI 1-10b 104 72 32
MI 1-25 159 72 87
MI 3 37 160 123
MI 4-1 132 207 75
MI 4-2 112 198 86
ML 5 36 174 138
MN 1-1 53 219 166
MN 1-2 104 205 101
MN 1-3 44 225 181
MN 1-4 110 202 92
MN 1-5 46 225 179
MN 1-6 107 215 108
MN 1-7 32 217 185
MN 1-8 93 213 120
MN 1-9 50 216 166
MN 1-10 108 207 99
MN 1-11 50 224 174
MN 1-12 111 225 114
MN 2-1 72 161 89
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Table 75. Actual field measured roughness versus roughness as predicted using the
PEARDARP roughness model for all Phase I sections (continued).

Actual
Section Mays Predicted
ID Roughness Roughness Difference

MN 2-2 82 98 16
MN 2-3 76 165 89
MN 2-4 96 160 64
MN 3 44 94 50
MN 4b 37 38 1l
MN 5 100 220 120
MN 6a 51 44 7
NI 2 63 201 138
NJ 3-1 134 199 65
NJ 3-2 153 199 46
NY 1-1 56 177 121
NY 1-3 78 171 93
NY 1-4 90 177 87
NY 1-6 82 177 95
NY 1-8a 64 176 112
NY 1-8b 65 177 112
NY 2-3 61 109 48
NY 2-9 66 104 38
NY 2-11 76 107 31
NY 2-15 63 95 32
NC 1-1 83 201 118
NC 1-2 79 214 135
NC 1-3 77 204 127
NC 1-4 85 203 118
NC 1-5 105 209 104
NC 1-6 €9 223 154
NC 1-7 85 244 159
NC 1-8 95 204 109
NC 2 64 186 122
CH 1-1 109 184 75
CH 1-3 106 186 80
CH 1-4 123 185 62
CH 1-6 104 180 76
OH 1-7 115 176 6l
CH 1-9 109 176 67
CH 1-10 122 179 57
CH 2-33a 90 156 65
CH -2-33b 85 156 71
PA 1-1 75 66 9
PA 1-2 91 49 42
PA 1-3 113 49 64
PA 1-4 109 50 59
PA 1-5 82 49 , 33
ONT 1-la S0 89 1
ONT 1-1b 62 89 27
ONT 1-2a 78 58 20
ONT 1-2b 70 58 12
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Table 75. Actual field measured roughness versus roughness as ’lpredicted using the
PEARDARP roughness model for all Phase I sections (continued).

Actual
Section Mays Predicted
iD Roughness Roughness Difference

ONT 1-3a 57 58 1l
ONT 1-3b 66 58 8
ONT 1-4a 65 36 29
ONT 1-4b 72 36 36
ONT 2 104 214 110

Analysis Variable : DIFRGH

N Cbs Mean Std Error T Prob>|T|

99 79.0404040 4.6819020 16.8821143 0.0001
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Figure 27.. Actual field measured roughness versus roughness as predicted using
the PEARDARP roughness model for all Phase I sectionms.
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Table 76. Actual field measured roughness versus roughness as ﬁredicted using the
PEARDARP roughness model for the dry-freeze region.

Actual
Section Mays Predicted
ID Roughness Roughness Difference

MN 1-1 53 219 166
MN 1-2 104 205 101
MN 1-3 44 225 181
MN 1-4 110 202 92
MN. 1-5 46 225 179
MN 1-6 107 215 108
MN 1-7 32 217 185
MV 1-8 93 213 120
MN 1-9 50 216 166
MN 1-10 108 207 99
MN 1-11 50 224 174
MN 1-12 11 225 114
MN 2-1 72 161 89
MN 2-2 82 98 16
MN 2-3 76 165 89
MN 2-4 96 160 64
MN 3 44 94 50
MN 4b 37 38 1
MN 5 100 220 120
MN 6a 51 44 7

Analysis Variable : DIFRGH

N Obs Mean Std Error T Prob>|T|

20 106.0500000 12.9932118 8.1619542 0.0001
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Table 77. Actual field measured roughness versus roughness as predicted using the
PEARDARP roughness model for the dry-nonfreeze region.

Actual
Section Mays Predicted
D Roughness Roughness Difference

AZ 1-1 114 190 76
AZ 1-2 65 162 97
AZ 1-4 102 143 41
AZ 1-5 85 155 70
AZ 1-6 97 136 39
AZ 1-7 91 114 23
-AZ 2 71 117 46
QA 11 . 102 233 131
QA 1-3 94 220 126
G 1-5 122 169 47
QA 1-7 102 214 112
QA 1-9 116 215 99
Q 2-2 107 199 92
 2-3 98 208 110
6 158 195 37
a7 87 216 129
A8 92 190 98

Analysis Variable : DIFRGH

N Cbs Mean Std Exrror T Prob>|T|

17 80.7647059 8.7470707 9.2333432 0.0001
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Figure 28 . Actual field measured roughness versus roughness as predicted using
the PEARDARP roughness model for the dry-freeze region.
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Figure 29. Actual field measured roughness versus roughness as predicted using
the PEARDARP roughness model for the dry-nonfreeze region.
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Table 78. Actual field measured roughness versus roughness as predicted using the
PEARDARP roughness model for the wet-freeze region.

Actual
Section Mays Predicted
ID Roughness Roughness Difference

MI 1-la 96 76 20
MI 1-1b 91 69 22
MI 1-4a 48 77 29
MI 1-7a 58 74 16
MI 1-7b 36 68 32
MI 1-10a 98 70 28
MI 1-10b 104 72 32
MI 1-25 159 72 87
MI 3 37 160 iz23
MI 4-1 132 207 75
MI 4-2 112 198 86
MI S 36 174 138
NJ 2 63 201 138
NJ 3-1 134 199 65
NJ 3-2 153 199 46
NY 1-1 56 177 121
NY 1-3 78 171 93
NY 1-4 90 177 87
NY 1-6 82 177 95
NY 1-8a 64 176 112
NY 1-8b 65 177 112
NY 2-3 61 109 48
NY 2-9 66 104 38
NY 2-11 76 107 31
NY 2-15 63 95 32
CH 1-1 109 184 75
CH 1-3 106 186 80
CH 1-4 123 185 62
CH 1-6 104 180 76
CH 1-7 115 176 61
CH 1-9 109 176 67
CH 1-10 122 179 : 57
OH 2-33a 90 156 66
CH 2-33b 85 156 71
FA 1-1 75 66 9
PA 1-2 91 49 42
PA 1-3 113 49 64
PA 1-4 109 50 59
PA 1-5 82 49 33
ONT 1-la 90 89 1
ONT 1-1b 62 89 27
ONT 1-2a 78 58 20
ONT 1-2b 70 58 12
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Table 78. Actual field measured roughness versus roughness as predicted using the
PEARDARP roughness model for the wet-freeze region (continued).

ID Roughness Roughness Difference

ONT 1-3a 57 58 1
ONT 1-3b 66 58 8
ONT 1-4a 65 36 29
ONT 1-4b 72 36 36
ONT 2 104 214 110

Analysis Variable : DIFRGH

N Cbs Mean Std Error T Prob>|T|

48 57.7500000 5.3333472 = 10.8280969 0.0001
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Table 79. Actual field measured roughness versus roughness as predicted using the
PEARDARP roughness model for the wet-nonfreeze region.

Section Mays Predicted
ID Roughness Roughness Difference

QA 3-1 134 191 57
Q 3-2 104 183 79
QA 3-5 102 179 77
FL 2 64 133 €9
FL 3 84 215 131
NC 1-1 83 201 118
NC 1-2 79 214 135
NC 1-3 77 204 127
NC 1-4 85 203 118
NC 1-5 105 209 104
NC 1-6 69 223 154
NC 1~7 85 244 159
NC 1-8 95 204 109
NC 2 64 186 122

Analysis Variable : DIFRGH

N Cbs Mean Std Error T Prob>|T|

14 111.357142° 8.2924613 13.4287203 0.0001
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Figure 30. Actual field measured roughness versus roughness as predicted using
the PEARDARP roughness model for the wet-freeze region.
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Figure 3. Actual field measured roughness versus roughness as predicted using
the PEARDARP roughness model for the wet-nonfreeze region.
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Table 80. Comparison of actual field observed pumping with the normalized
pumping index, volume of pumping, number of joints pumping, and
volume of undersealing material required as predicted by
the PEARDARP pumping model for all Phase I sections.

0.82137 30.120 195.556 225.675
0.82137 30.120 195.556 225.675

149

Normalized
Section Measured Punping Volume Number of Volume
iD Pumping Index Pumping Joints Undersealing
AZ 1-1 N 0.74069 27.161 301.788 379.161
AZ 1-2 N 0.01833 0.672 84.039 352.672
AZ 1-4 N 0.00895 0.328 41.003 352.328
AZ 1-5 N 0.13556 4.971 55.231 356.971
AZ 1-6 N 0.40208 14.744 163.825 366.744
AZ 1-7 N 0.25415 9.320 103.553 361.320
AZ 2 N 0.38896 14.263 158.480 366.263
A 1-1 M 2.77250 101.668 676.923 778.591
A 1-3 N 2.77250 101.668 340.645 442.313
CA 1-5 L 0.25521 9.358 103.982 350.004
A 1-7 H 2.77250 101.668 340.645 442.313
A 1-9 L 2.77250 101.668 340.645 442.313
CA 2-2 N 1.96170 71.936 340.645 412.581
CA 2-3 N 1.96170 71.936 340.645 412.581
Ca 3-1 N 1.97865 72.557 340.645 413,202
CA 3-2 N 1.97865 72.557 340.645 413.202
CA 3-5 N 1.97865 72.557 340.645 413.202
CA6 N 0.8654 31.735 352.615 422.846
A 7 N 1.4711 53.945 340.645 394.590
Ca 8 N 0.7469 27.390 304.338 418.501
FL 2 N 0.3946 14.471 160.794 355.117
FL 3 M 3.7212 136.456 270.769 407.226
MI 1-1a N 8.4082 308.329 74.157 382.486
MI 1-1b N 8.4082 308.329 74.157 382.486
MI 1-4a N 0.17%96 6.587 73.188 347.232
MI 1-7a N 0.6492 23.806 264.516 387.944
M 1-7b N 0.6492 23.806 264.516 390.473
MI 1-10a L 0.1796 6.587 73.188 347.232
MI 1-10b L 0.1796 6.587 73.188 347.232
MI 1-25 L 0.1796 6.587 73.188 347.232
MI 3 N 9.8977 362.950 128.780 491.730
MI 4-1 N 19.6409 720.230 74.157 794.388
MI 4-2 N 19.6409 720.230 74.157 794.388
MI S N 10.5595 387.216 128,780 515.996
MN 1-1 L 1.12517 41.260 195.556 236.815
MN 1-2 N 1.12517 41.260 195.556 236.815
MN 1-3 L 3.83444 140.609 195,556 336.165
MN 1-4 L 3.83444 140.609 195.556 336.165
MN 1-5 L 2.87583 105.457 195.556 301.012
MN 1-6 N 2.87583 105.457 195.556 301.012
MN 1-7 M 0.82137 30.120 195.556 225.675
MY 1-8 N 0.82137 30.120 195.556 225.675
L
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Table 80. Comparison of actual field observed pumping with the normalized
pumping index, volume of pumping, number of joints pumping, and volume
of undersealing material required as predicted by the PEARDARP
pumping model for all Phase I sections (continued).

Normalized
Section Measured Pumping Volume Number of Volume
ID Pumping Index Pumping Joints Undersealing
MN 1-11 L 2.87583 105.457 195.556 301.012
MN 1-12 M 2.87583 105.457 195.556 301.012
MN 2-1 N 0.59995 22.000 244.446 362.645
MN 2-2 N 1.23234 45,190 340.645 385.835
MN 2-3 N 1.48121 54.316 195.556 249.871
MN 2-4 N 1.48121 54.316 195.556 249.871
MN 3 N 1.40937 51.681 195.556 247.237
MN 4b N 0.1807 6.63 73.620 358.63
MN 5 L 1.1282° 41.26 195.556 236.82
MN 6a N 1.9483 71.44 195.556 267.00
NI 2 N 33.3053 1221.30 67.261 1288.57
N 3-1 N 19.2164 704.66 67.261 771.92
NJ 3-2 N 14.0279 514.40 67.261 581.67
NY 1-1 N 1.2800 46.94 264.000 310.94
NY 1-3 M 12.1163 444.30 86.842 531.15
NY 1-4 N 16.5976 608.64 86.842 695.48
NY 1-6 N 1.7312 63.48 264.000 327.48
NY 1-8a N 1.2800 46.94 264.000 310.94
NY 1-8b N 1.2800 46.94 264.000 310.94
NY 2-3 N 0.9756 35.77 264.000 299.77
NY 2-9 N 0.9756 35.77 264.000 299.77
NY 2-11 N 0.9756 35.77 197.753 233.53
NY 2-15 N 10.9382 401.10 83.150 484.25
NC 1-1 N 17.0353 624.69 176.000 800.69
NC 1-2 N 3.0058 110.22 176.000 286.22
NC 1-3 N 3.3706 123.60 176.000 299.60
NC 1-4 N 3.6525 133.94 176.000 309.94
NC 1-5 N 4.3673 160.15 176.000 336.15
NC 1-6 N 3.3706 123.60 176.000 299.60
NC 1-7 N 31.5273 1156.11 88.000 1244.11
NC 1-8 N 4.0957 150.19 176.000 326.19
NC 2 H 1.7059 62.56 249.057 311.61
CH 1-1 N 17.3646 636.76 132.000 768.76
OH 1-3 N 12.6761 464.83 251.429 716.26
CH 1-4 N 12.6761 464.83 132.000 596.83
OH 1-6 N 17.3646 636.76 251.429 888.19
CH 1-7 N 17.3646 636.76 132.000 768.76
CH 1-9 N 17.3646 636.76 132.000 768.76
CH 1-10 N 17.3646 636.76 251.429 888.19
CH 2-33a L 1.0300 37.77 264.000 301.77
OH 2-33b M 1.0300 37.77 264.000 301.77
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Table 80. Comparison of actual field observed pumping with the normalized
pumping index, volume of pumping, number of joints pumping, and volume
of undersealing material required as predicted by the PEARDARP
pumping model for all Phase I sections (continued).

Normalized
Section Measured Purmping Volume Number of Volume
D Purnping Index Pumping Joints Undersealing
PA 1-1 N 2.9972 109.908 113.548 223.457
PA 1-2 N 1.8744 68.736 113.548 182.284
PA 1-3 N 2.6401 96.811 113.548 210.360
PA 1-4 N 2.6401 96.811 113.548 210.360
PA 1-5 N 2.6401 96.811 113.548 210.360
ONT 1-la L 0.0902 3.309 220.588 343.954
ONT 1-1b L 0.0902 3.309 220.588 343.954
ONT 1-2a M 1.1404 41.819 340.645 382.465
ONT 1-2b M 1.1404 41.819 340.645 382.465
ONT 1-3a L 1.1404 41.819 340.645 382.465
ONT 1-3b L 1.1404 41.815 340.645 382.465
ONT 1-4a N 2.2147 81.214 340.645 421.859
ONT 1-4b N 2.2147 81.214 340.645 421.859
ONT 2 N 11.9089 436.700 340.645 777.346
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Table 81. Actual field measured spalling versus spalling as predicted
using the PEARDARP spalling model for all Phase I sections.

Section Measured Predicted
D Spalling Spalling Difference

AZ 1-1 22 38 16
AZ 1-2 1 21 20
AZ 1-4 0] 7 7
AZ 1-5 0 7 7
AZ 1-6 1 3 2
AZ 1-7 0 3 3
Az 2 0 0 0
QA 1-1 2 0 2
A 1-3 0 46 46
G 1-5 3 46 43
QA 1-7 9 46 37
G 1-9 3 46 43
Q 2-2 0 5 5
A 2-3 0 5 5
QA 3-1 2 23 21
QA 3-2 3 23 20
CA 3-5 6 23 17
A6 3 4 1
Qa7 0 7 7
as o 1l 1
FL 2 o] 0 0
FL 3 2 3 1l
MI 1-la 0 88 88
MI 1-1b 0 88 88
MI 1-4a 9 23 14
MI i-7a 12 20 8
MI 1-7b 11 20 9
MI 1-10a 41 23 18
MI 1-10b €3 23 40
MI 1-25 75 23 52
MI 3 0 0 0
MI 4-1 0 99 99
ML 4-2 6 99 93
ML 5 0 2 2
MN 1-1 4 85 81
MN 1-2 14 85 71
MN 1-3 8 85 77
MN 1-4 15 85 70
MN 1-5 24 85 61
MN 1-6 31 85 54
MN 1-7 15 85 70
MN 1-8 69 85 16
MN 1-9 4 85 81
MN 1-10 6 85 79
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Table 81. Actual field measured spalling versus spalling as predicted using
the PEARDARP spalling model for all Phase I sections (continued).

Section Measured Predicted
I Spalling Spalling Difference

MN 1-11 37 85 48
MN 1-12 29 85 56
MN 2-1 3 18 15
MN 2-2 9 18 9
MN 2-3 3 39 36
MN 2-4 8 39 31
MN 3 0 1 1
MN 4b 0 0 o)
MN 5 36 85 49
‘MN 6a 0] 2 2
NI 2 20 100 80
NJ 3-1 0 50 50
NJ 3-2 43 50 7
NY 1-1 6 90 84
NY 1-3 73 100 27
NY 1-4 9 100 - 91
NY 1-6 13 90 77
NY 1-8a o) 90 90
NY 1-8b 0 90 90
NY 2-3 0 34 34
NY 2-9 ¢) 34 34
NY 2-11 0 47 47
NY 2-15 0] 85 85
NC 1-1 0 95 95
NC 1-2 0 95 95
NC 1-3 0 95 95
NC 1-4 0 95 95
NC 1~-5 0] 95 95
NC 1-6 0 95 95
NC 1-7 0 100 100
NC 1-8 0 95 95
NC 2 0 3 3
CH 1-1 0] 83 83
CH 1-3 13 51 38
CH 1-4 0 83 83
CH 1-6 0 51 51
OH 1-~7 0 83 83
OH 1-9 0 83 83
CH 1-10 0 51 51
G 2-33a 15 34 19
CH 2-33b 23 34 11
PA 1-1 0 22 22
PA 1-2 0 22 22
PA 1-3 0] 22 22
PA 1-4 0 22 22
PA 1-5 0 22 22
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Table 8l. Actual field measured spalling versus spalling as predicted using
the PEARDARP spalling model for all Phase I sectioms (continued).

Section Measured Predicted
ID Spalling Spalling Difference

ONT 1-la
. ONT 1-1b
ONT 1-2a
ONT 1-2b
ONT 1-3a
ONT 1-3b
ONT 1-4a
ONT 1-4b
ONT 2

[eNeoNoNoNeNoNeNoNe]
WMDY
Wb

(4
183

Analysis Variable : DIFSPALL

N Cbs Mean Std Error T Prob>|T|

99 40.090371 3.4917113 11.4742244 0.0001
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PEARDARP Spalling Model
All Phase | Regions
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Figure 32. Actual field measured spalling versus spalling as predicted using
the PEARDARP spalling model for all Phase I sectionms.
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Table 82. Actual field measured spalling versus spalling as predicted
using the PEARDARP spalling model for the dry—-freeze region.

Section Predicted Measured
ID Spalling Spalling Difference

MN 1-1 4 85 81
MN 1-2 14 85 71
MN 1-3 8 85 77
MN 1-4 15 85 70
MN 1-5 24 85 61
MN 1-6 31 85 54
MN 1-7 15 85 70
MN 1-8 69 85 16
MN 1-9 4 85 81
MN 1-10 6 85 79
MN 1-11 37 85 48
MN 1-12 29 85 56
MN 2-1- 3 18 15
MN 2-2 9 18 9
MN 2-3 3 39 36
MN 2-4 8 39 31
MN 3 0 1 1l
MN 4b 0 0 0
MN 5 36 85 49
MN 6a 0 2 -2

Analysis Variable : DIFSPALL

N Obs Mean Std Error T Prcb>|T|

20 45.3500000 6.5499196 6.9237491 0.0001
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Table 83. Actual field measured spalling versus spalling as predicted
using the PEARDARP spalling model for the dry-nonfreeze region.

Section Predicted Measured
ID Spalling Spalling Difference

AZ 1-1 22 38 16
AZ 1-2 1 21 20
AZ 1-4 0 7 7
AZ 1-5 0 7 7
AZ 1-6 1 3 2
AZ 1-7 0 3 3
AZ 2 0 o 0
QA 1l-1 2 0 2
QA 1-3 0 46 46
QA 1-5 3 46 43
Q 1-7 9 46 37
G 1-9 3 46 43
Qa 2-2 0 5 5
ca 2-3 0 5 5
CA 6 3 4 1
a7 0 7 7
ca 8 0 1 1
Analysis Variable : DIFSPALL
N Cbs Mean Std Error T Prob>|T|
17 14.4705 4.001013 3.413111 0.0026
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PEARDARP Spalling Model
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Figure 33. Actual field measured spalling versus spalling as predicted using
the PEARDARP spalling model for the dry-freeze regionm.

PEARDARP Spalling Model

Dry-Nonfreeze Region
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Figuré 34, Actual field measured spalling versus spalling as predicted using
the PEARDARP spalling model for the dry-nonfreeze region.
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Table 84. Actual field measured spalling versus spalling as predicted
using the PEARDARP spalling model for the wet-freeze region.

Section Predicted Measured
ID Spalling Spalling Difference

MI 1-la (o] 88 88
MI 1-1b (0] 88 88
MI 1-4a ] 23 14
MI 1-7a 12 20 8
MI 1-7b 11 20 9
MI 1-10a 41 23 18
MI 1-10b 63 23 40
‘MI 1-25 75 23 52
MI 3 0 0 0
M 4-1 0 99 99
MI 4-2 6 99 93
MI S 0 2 2
NT 2 . 20 100 80
NI 3-1 0 50 50
NJ 3-2 43 50 7
NY 1-1 6 90 84
NY 1-3 73 100 27
NY 1-4 ] 100 91
NY 1-6 13 S0 77
NY 1-8a 0] 90 90
NY 1-8b 0 80 S0
NY 2-3 o 34 34
NY 2-9 0 34 34
NY 2-11 0 47 47
NY 2-15 0 85 85
CH 1-1 0 83 83
CH 1-3 13 51 38
CH 1-4 0 83 83
CH 1-6 0 51 51
CH 1~7 0 83 83
OH 1-9 0 83 83
CH 1-10 0 51 81
CH 2-33a 15 34 19
OH 2-33b 23 34 11
PA 1-1 0 22 22
PA 1-2 0. 22 22
PA 1-3 0 22 22
PA 1-4 0 22 22
PA 1-5 0 22 22
ONT 1-l1a 0 2 2
ONT 1-1b 0 2 2
ONT 1-2a (1] 2 2
ONT 1-2b 0 2 2
ONT 1-3a 0 2 2
ONT 1-3b 0 2 2
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Table 84. Actual field measured spalling'versus spalling aéwpredicted using
the PEARDARP spalling model for the wet-freeze region (continued).

Section Predicted Measured

ID Spalling Spalling Difference
ONT 1-4a 0 2 2
ONT 1-4b 0 2 2
ONT 2 o 53 53

Analysis Variable : DIFSPALL

N Cbs Mean Std Error T Prcb>|T|

48 41.4166667 4.9555078 8.3570292 0.0001
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Table 85. Actual field measured spalling versus spalling as predicted using
the PEARDARP spalling model for the wet-nonfreeze region.

Section Predicted Measured

D Spalling Spalling Difference
A 3-1 2 23 21
CA 3-2 3 23 20
QA 3-5 6 23 17
FL 2 0 0] 0o
FL 3 2 3 1
NC 1-1 o 95 95
NC 1-2 0 95 95
NC 1-3 0 95 95
NC 1-4 0 95 95
NC 1-5 0 .95 95
NC 1-6 0 95 95
NC 1-7 o 100 100
NC 1-8 o 95 95
NC 2 0 3 3

Analysis Variable : DIFSPALL

N Cbs Mean Std Error T Prob>|T|

14 59.0714286 11.8281952 4.9941202 0.0002
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Figure 35. Actual field measured spalling versus spalling as predicted using
the PEARDARP spalling model for the wet-freeze regionm.

PEARDARP Spalling Model
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Figure 36. Actual field measured spalliﬁg versus spalling as predicted using
the PEARDARP spalling model for the wet-nonfreeze region.
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Table 86. Actual field measured faulting versus faulting as predicted using
the PEARDARP faulting models for all Phase I sections.

Section Measured Precicted
ID Faulting Faulting Difference

AZ 1-1 0.08 0.062442 0.017558
AZ 1-2 0.01 0.043220 0.033220
AZ 1-4 0.01 0.041664 0.031664
AZ 1-5 0.03 0.043387 0.013387
AZ 1-6 0.01 0.C44050 0.034050
AZ 1-7 0.02 0.041420 0.021420
AZ 2 0.01 0.028689 0.018689
G 1-1 0.06 0.040313 0.019687
A 1-3 0.10 0.094215 0.005785
CA 1-5 0.11 0.052014 0.057986
c 1-7 0.06 0.055448 0.004552
QA 1-9 0.13 0.078814 0.051186
A 2-2 0.11 0.060802 0.049198
CA 2-3 0.11 0.068998 0.041002
G 3-1 0.08 0.063730 0.016270
G 3-2 0.11 0.063730 0.046270
CA 3-5 0.10 0.06373 0.03627
6 0.15 0.04031 0.10969
CA 7 0.06 0.05662 0.00338
s 0.04 0.04031 0.00031
FL 2 0.01 0.02866 0.01866
FL 3 0.08 0.02146 0.05854
M 1-1a 0.05 0.06154 0.01154
MI 1-1b 0.08 0.06154 0.01846
MI 1-4a 0.03 0.09039 0.06039
MI 1-7a 0.04 0.03013 0.00987
MI 1-7b 0.04 0.02966 0.01034
MI 1-10a 0.14 0.11041 0.02959
MI 1-10b 0.19 0.11041 0.07959
MI 1-25 0.20 0.11041 0.08959
ML 3 0.02 0.02904 0.00904
ML 4-1 0.12 0.02971 0.09029
MI 4-2 0.06 0.029714 0.03029
MI 5 0.05 0.022408 0.02759
MN 1-1 0.31 0.074832 0.23517
MN 1-2 0.06 0.019322 0.04068
MN 1-3 0.31 0.094959 0.21504
MN 1-4 0.06 0.024518 0.03548
MN 1-5 0.37 0.085301 0.28470
MN 1-6 0.00 0.022025 0.02202
MN 1-7 0.31 0.068731 0.24127
MN 1-8 0.06 0.017746 0.04225
MN 1-9 0.37 0.068731 0.30127
MN 1-10 0.13 0.017746 0.11225
MN 1-11 0.50 0.085301 0.41470
MN 1-12 0.06 0.022025 0.03798
MN 2-1 0.06 0.016240 0.04376
MN 2-2 0.06 0.018924 0.04108
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Table 86. Actual field measured faulting versus faulting as predicted using the
PEARDARP faulting models for all Phase I sections (continued).

Section Measured Precicted
ID Faulting Faulting Difference

MN 2-3 0.05 0.01893 0.031070
MN 2-4 0.06 0.01893 0.041070
MN 3 0.02 0.02192 0.001921
MN 4b 0.01 0.02865 0.018646
MN 5 0.0% 0.02594 0.064059
MN 6a 0.01 0.01881 0.008808
NJ 2 0.06 0.13677 0.076769
NJ 3-1 0.05 0.01440 0.035602
NI 3~-2 0.06 0.01385 0.046153
NY 1-1 0.02 0.07400 0.053997
NY 1-3 0.14 0.07656 0.063437
NY 1-4 0.09 0.11993 0.029926
NY 1-6 0.03 . 0.08966 0.059659
NY 1-8a 0.01 0.07400 0.063997
NY 1-8b 0.03 0.06437 0.034373
NY 2-3 0.01 0.01450 0.004496
NY 2-9 0.02 0.01450 0.00550
NY 2-11 0.01 0.01511 0.00511
NY 2-15 0.02 0.01660 0.00340
NC 1-1 0.12 0.17830 0.05830
NC 1-2 0.16 0.02643 0.13357
NC 1-3 0.13 0.11820 0.01180
NC 1-4 0.13 0.03987 0.09013
NC 1-5 0.16 0.11820 0.04180
NC 1-6 0.05 0.11820 0.06820
NC 1-7 0.15 0.07171 0.07829
NC 1-8 0.22 0.17830 0.04170
NC 2 0.02 0.01826 0.00174
CH 1-1 0.13 0.02556 0.10444
CH 1-3 0.06 0.01782 0.04218
OH 1-4 0.07 0.01818 0.05182
CH 1-6 0.03 0.02159 0.00841
OH 1-7 0.07 0.021234  0.04877
CH 1-9 0.14 0.025565 0.11444
CH 1-10 0.10 0.018395 0.08161
CH 2-33a 0.11 0.045915 0.06409
CH 2-33b 0.11 0.045915 0.06409
PA 1-1 0.03 0.014937 0.01506
PA 1-2 0.02 0.014472 0.00553
PA 1-3 0.03 0.014699 0.01530
PA 1-4 0.03 0.014878 0.01512
PA 1-5 0.03 0.014878 0.01512
ONT 1-la 0.05 0.041091 0.00891
ONT 1-1b 0.07 0.041091 0.02891
ONT 1-2a 0.05 0.043596 0.00640
ONT 1-2b 0.06 0.043596 0.01640
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Table 86. Actual field measured faulting versus faulting as predicted using the
PEARDARP faulting models for all Phase I sections (continued).

Section Measured Precicted
8y Faulting Faulting Difference

ONT 1-3a 0.04 0.043596 0.00360
ONT 1-3b 0.09 0.043596 0.04640
ONT 1-4a 0.04 0.045840 0.005840
ONT 1-4b 0.07 0.045840 0.024160
ONT 2 0.01 0.068245 0.058245

Analysis Variable : DIFFLT

N Obs Mean Std Error T Prob>|T|

99 0.0529429 0.0067659 7.8249659 0.0001

165



PEARDARP Faulting Models

All Phase | Regions
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Figure 37. Actual field measured faulting versus faulting as predicted using
the PEARDARP faulting models for all Phase I sectioms.
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Table 87.

Actual field measured faulting versus faulting as predicted usi
the PEARDARP faulting models for the dry-freeze region.

Section Measured Predicted

ID Faulting Faulting Difference
MN 1-1 0.31 0.074832 0.23517
MN 1-2 0.06 0.019322 0.04068
MN 1-3 0.31 0.094959 0.21504
MN 1-4 0.06 0.024518 0.03548
MN 1-5 0.37 0.085301 0.28470
MN 1-6 0.00 0.022025 0.02202
MN 1-7 0.31 0.068731 0.24127
MN 1-8 0.06 0.017746 0.04225
MN 1-9 0.37 0.068731 0.30127
MN 1-10 0.13 0.017746 0.11225
MN 1-11 0.50 0.085301 0.41470
MN 1-12 0.06 0.022025 0.03798
MN 2-1 0.06 0.016240 0.04376
MN 2-2 0.06 0.018924 0.04108
MN 2-3 0.05 0.018930 0.03107
MN 2-4 0.06 0.018930 0.04107
MN 3 0.02 0.021921 0.001921
MN 4b 0.01 0.028646 0.018646
MN 5 0.09 0.025941 0.064059
MN 6a 0.01 0.018808 0.008808
Analysis Variable : DIFFLT
N Obs Mean Std Error T Prob>|T|

20 0.1116612 0.0273476 4.0830317 0.0006
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PEARDARP Faulting Models
Dry-Freeze Region
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Figure 38. Actual field measured faulting versus faulting as predicted using
the PEARDARP faulting models for the dry-freeze regionm.
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Table 88. Actual field measured faulting versus faulting as predicted
using the PEARDARP faulting models for doweled pavement
for the dry-freeze region.

Section Measured Predicted

ID Faulting Faulting Difference
MN 1-2 0.06 0.019322 0.04068
‘MN 1-4 0.06 0.024518 0.03548
MN 1-6 0.00 0.022025 0.02202
MN 1-8 0.06 0.017746 0.04225
MN 1-10 0.13 0.017746 0.11225
MN 1-12 0.06  0.022025 0.03798
MN 2-1 0.06 0.016240 0.04376
MN 2-2 0.06 0.018924 0.04108
MN 2-3 0.05 0.018930 0.03107
MN 2~4 0.06 0.018930 0.04107
MN 3 0.02 0.021921 0.00192
MN 4b 0.01 0.028646 0.01865
MN 5 0.09 0.025941 0.06406
MN 6a 0.01 0.018808 0.00881

Analysis Variable : DIFFLT

N Obs Mean Std Error T Prob>|T|

14 0.0386485 0.0070719 5.4650645 0.0001
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Table 89. Actual field measured faulting versus faulting as predicted
using the PEARDARP faulting models for nondoweled pavement
for the dry-freeze region.

Section Measured Predicted

ID Faulting Faulting Difference
MN 1-1 0.31 0.074832 0.23517
MN 1-3 0.31 0.094959 0.21504
MN 1-5 0.37 0.085301 0.28470
MN 1-7 0.31 0.068731 0.24127
MN 1-9 0.37 0.068731 0.30127

MN 1-11 0.50 0.085301 0.41470

Analysis Variable : DIFFLT

N Cbs Mean Std Error T Prab>|T|

6 0.2820243 0.0296217 9.5208638 0.0002
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PEARDARP Doweled Faulting Model
Dry-Freeze Region
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Figure 39 . Actual field measured faulting versus faulting as predicted using
the PEARDARP faulting models for doweled pavements for the dry-freeze region.

PEARDARP Non-Doweled Faulting Model
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Figure 40. Actual field measured faulting versus faulting as predicted using
the PEARDARP faulting models for nondoweled pavements for the dry-freeze region.
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Table.90. Actual field measured faulting versus faulting as predicted
using the PEARDARP faulting models for the dry-nonfreeze region.

Section Measured Predicted
D Faulting Faulting Difference

AZ 1-1 0.08 0.062442 0.01756
AZ 1-2 0.01 0.043220 0.03322
AZ 1-4 0.01 0.041664 0.03166
AZ 1-5 0.03 0.043387 0.01339
AZ 1-6 0.01 0.044050 0.03405
AZ 1-7 0.02 0.041420 = 0.02142
AZ 2 0.01 0.028689 0.01869
QA 1-1 0.06 0.040313 0.01969
QA 1-3 0.10 0.094215 0.00579
G 1-5 0.11 0.052014 0.05799

A 1-7 0.06 0.055448 0.00455
QA 1-9 0.13 0.078814 0.05119
A 2-2 0.11 0.060802 0.04920
QA 2-3 0.11 0.068998 0.04100
CA 6 0.15 0.040313 0.10969
Qa7 0.06 0.056622 0.00338
Cas8 0.04 0.040313 .0003125

Analysis Variable : DIFFLT

N Obs Mean Std Error T Prob>|T]

17 0.0301625 0.0065484 4.6061117 0.0003
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PEARDARP Faulting Models

Dry-Nonfreeze Region
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Figure #1. Actual field measured faulting versus faulting as predicted using the
PEARDARP faulting models for the dry-nonfreeze region.
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Table 91. Actual field measured faulting versus faulting as predicted
using the PEARDARP faulting models for the wet-freeze region.

Section Measured Predicted
ID Faulting Faulting Difference

MI 1-1a 0.05 0.06154 0.011538
MI 1-1b 0.08 0.06154 0.018462
M 1-4a 0.03 0.09039 0.060386
MI 1-7a 0.04 0.03013 0.009869
MI 1-7b 0.04 0.02966 0.010344
MI 1-10a 0.14 0.11041 0.029585
MI 1-10b 0.19 0.11041 0.079585
MI 1-25 0.20 0.11041 0.089585
MI 3 0.02 0.02904 0.009042
ML 4-1 0.12 0.02971 0.090286
MI 4-2 0.06 0.02971 0.030286
MI 5 0.05 0.02241 0.027592
NT 2 0.06 0.13677 0.076769
NI 3-1 0.05 0.01440 0.035602
NI 3-2 0.06 0.01385 0.046153
NY 1-1 0.02 0.07400 0.053997
NY 1-3 0.14 0.07656 0.06344
NY 1-4 0.0% 0.11993 0.02993
NY 1-6 0.03 0.08966 0.05966
NY 1-8a 0.01 0.07400 0.06400
NY 1-8b 0.03 0.06437 0.03437
NY 2-3 0.01 0.01450 0.00450
NY 2-9 0.02 0.01450 0.00550
NY 2-11 0.01 0.01511 0.00511
NY 2-15 0.02 0.01660 0.00340
CH 1~-1 0.13 0.02556 0.10444
CH 1-3 0.06 0.01782 0.04218
CH 1-4 0.07 0.01818 0.05182
CH 1-6 0.03 0.02159 0.00841
CH 1-7 0.07 0.02123 0.04877
CH 1-9 0.14 0.02556 0.11444
CH 1-10 0.10 0.01839 0.08161
CH 2-33a 0.11 0.045915 0.064085
OH 2-33b 0.11 0.045915 0.064085
PA 1-1 0.03 0.014937 0.015063
PA 1-2 0.02 0.014472 0.005528
PA 1-3 0.03 0.014699 0.015301
PA 1-4 0.03 0.014878 0.015122
PA 1-5 0.03 0.014878 0.015122
ONT 1-la 0.05 0.041091 0.008909
ONT 1-1b 0.07 0.041091 0.028909
ONT 1-2a 0.05 0.043596 0.006404
ONT 1-2b 0.06 0.043596 0.016404
ONT 1-3a 0.04 0.043596 0.003596
ONT 1-3b 0.09 0.043596 0.046404
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Table 91. Actual field measured faulting versus faulting as predicted using
the PEARDARP faulting models for the wet-freeze region (continued).

Section Measured Predicted
ID Faulting Faulting Difference

ONT 1-4a 0.04 0.045840 0.005840
ONT 1-4b 0.07 0.045840 0.024160
ONT 2 0.01 0.068245  0.058245

Analysis Variable : DIFFLT

N Obs Mean Std Error T Prab>|T|

48 0.0373712 0.0043467 8.5975476 0.0001
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PEARDARP Faulting Models
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Figure 42. Actual field measured fatilting versus faulting as predicted using
the PEARDARP faulting model for the wet-freeze region.
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Table 92. Actual field measured faulting versus faulting as predicted
using the PEARDARP faulting models for doweled pavements
for the wet-freeze region.

Section Measured Predicted
ID Faulting Faulting Difference

MI 1-la 0.05 0.06154 0.01154
MI 1-1b 0.08 0.06154 0.01846
MI 1-7a 0.04 0.03013 0.00987
MI 1-7b 0.04 0.02966 0.01034
MI 3 0.02 0.02904 0.00904
M 4-1 0.12 0.02971 0.09029
MI 4-2 0.06 0.02971 0.03029
ML 5 0.05 0.02241 0.02759
NJ 2 0.06 0.13677 0.07677
NJ 3-1 0.05 0.01440 0.03560
NJ 3-2 0.06 0.01385 0.04615
NY 2-3 0.01 0.01450 0.00450
NY 2-9 0.02 0.01450 0.00550
NY 2-11 0.01 0.01511 0.00511
NY 2-15 0.02 0.01660 0.00340
OH 1-1 0.13 0.02556 0.10444
OH 1-3 0.06 0.017821 0.04218
OH 1-4 0.07 0.018175 0.05182
OH 1-6 0.03 0.021589 0.00841
OH 1-7 0.07 0.021234 0.04877
OH 1-9 0.14 0.025565 0.11444
OH 1-10 0.10 0.018395 0.08161
PA 1-1 0.03 0.014937 0.01506
PA 1-2 0.02 0.014472 0.00553
PA 1-3 0.03 0.014699 0.01530
PA 1-4 0.03 0.014878 0.01512
PA 1-5 0.03 0.014878 0.01512
ONT 2 0.01 0.068245 0.05824

Analysis Variable : DIFFLT

N Obs

Mean Std Error

T Prob>|T|

28

0.0343032

0.0061869

5.5444690

0.0001
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Table 93.

Actual field measured faulting versus faulting as predicted

using the PEARDARP faulting models for nondoweled pavements

for the wet-freeze region.

Section Measured Predicted
D Faulting Faulting Difference
MI 1-4a 0.03 0.09039 0.060386
MI 1-10a 0.14 0.11041 0.029585
MI 1-10b 0.19 0.11041 0.079585
MI 1-25 0.20 0.11041 0.089585
NY 1-1 0.02 0.07400 0.053997
NY 1-3 0.14 0.07656 0.063437
NY 1-4 0.09 0.11993 0.029926
NY 1-6 0.03 0.08966 0.059659
NY 1-8a 0.01 0.07400 0.063997
NY 1-8b 0.03 0.06437 0.034373
OH 2-33a 0.11 0.04591 0.064085
OH 2-33b 0.11 0.04591 0.064085
ONT 1-la 0.05 0.04109 0.008909
ONT 1-1b 0.07 0.04109 0.028909
ONT 1-2a 0.05 0.04360 0.006404
ONT 1-2b 0.06 0.04360 0.016404
ONT 1-3a 0.04 0.043596 0.003596
ONT 1-3b 0.09 0.043596 0.046404
ONT 1-4a 0.04 0.045840 0.005840
ONT 1-4b 0.07 0.045840 0.024160
Analysis Variable : DIFFLT
N Obs Mean Std Error T Prob>|T|
20 - 0.0416663 0.0058612 7.1088928 0.0001
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Figure 43. Actual field measured faulting versus faulting as predicted using the
PEARDARP faulting models for doweled pavements for the wet-freeze region.
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Figure 44 . Actual field measured faulting versus faulting as predicted using the
PEARDARP faulting models for nondoweled pavements for wet-freeze region.
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Table 94. Actual field measured faulting versus faulting as predicted'
using the PEARDARP faulting models for the wet-nonfreeze region.

Section Measured Predicted
ID Faulting Faulting Difference

Q 3-1 0.08 0.06373 0.01627

QA 3-2 0.11 0.06373 0.04627
G 3-5 0.10 0.06373 0.03627
FL 2 0.01 0.02866 0.01866
FL 3 0.08 0.02146 0.05854
NC 1-1 0.12 0.17830 0.05830
NC 1-2 0.16 0.02643 0.13357
NC 1-3 0.13 0.11820 0.01180
NC 1-4 0.13 0.03987 0.09013
NC 1-5 0.16 0.11820 0.04180
NC 1-6 0.05 0.11820 0.06820
NC 1~7 0.15 0.07171 0.07829
NC 1-8 0.22 0.17830 0.04170
NC 2 0.02 0.01826 0.00174

Analysis Variable : DIFFLT

N Cbs Mean Std Error T Prob>|T|

14 0.0501105 0.0094095 5.3254929 0.0001
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PEARDARP Faulting Models
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Figure 45. Actual field measured faulting versus faulting as predicted using the
PEARDARP faulting models for the wet-nonfreeze region.
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Table 95. Actual field measured faulting versus faulting as predicted using
the PEARDARP faulting models for doweled pavements for
the wet-nonfreeze region. '

Section Measured Predicted
ID Faulting Faulting Difference

FL 2 0.01 0.028663 0.01866
FL 3 0.08 0.021456 0.05854
NC 1-2 0.16 0.026430 0.13357
NC 1-4 0.13 0.039868 0.09013
NC 1-7 0.15 0.071711 0.07829
NC 2 0.02 0.018263 0.00174

Analysis Variable : DIFFLT

N Cbs Mean Std Error T Prob>|T|

6 0.0634892 0.0197377 3.2166425 0.0236
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Table 96. Actual field measured faulting versus faulting as predicted
using the PEARDARP faulting models for nondoweled pavements
for the wet-nonfreeze region.

Section Measured Predicted
ID Faulting Faulting Difference

QA 3-1 0.08 0.06373 0.016270
Q 3-2 0.11 0.06373 0.046270
QA 3-5 0.10 0.06373 0.036270
NC 1-1 0.12 0.17830 0.058295
NC 1-3 0.13 0.11820 0.011802
NC 1-5 0.16 0.11820 0.041802
NC 1-6 0.05 0.11820 0.068198
NC 1-8 0.22 0.17830 0.041705

Analysis Variable : DIFFLT

N Obs Mean Std Error T Prob>|T|

8 0.0400764 0.0067446 5.9419636 0.0006
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Figure 46. Actual field measured faulting versus faulting as predicted using the
PEARDARP faulting models for doweled pavements for the wet-nonfreeze region.
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Figure 47. Actual field measured faulting versus faulting as 'predicted using the
PEARDARP faulting models for nondoweled pavements for the wet-nonfreeze region.

184



Table 97. Actual field measured cracking versus cracking as predicted
using the PEARDARP cracking model for all Phase I sections.

Section Measured Predicted

D Crack Crack Difference
AZ 1-1 47 392 345
AZ 1-2 0 0 0
AZ 1-4 0 1 1
AZ 1-5 0 258 258
AZ 1-6 0 383 383
AZ 1-7 (0] 382 382
AZ 2 0 369 369
A 1-1 19 415 396
CA 1-3 385 412 27
CA 1-5 0 324 324
‘CA 1-7 357 411 54
ca 1-9 862 413 449
A 2-2 o 388 388
CA 2-3 947 404 543
CA 3-1 95 398 303
CA 3-2 19 397 378
CA 3-5 426 395 31
CA 6 186 399 213
CA 7 646 377 269
CA 8 0 368 368
FL 2 0 0 0
FL 3 1275 395 880
MI 1-la 38 364 326
MI 1-1b 76 369 293
MI 1-4a 0 380 380
MI 1-7a 0 370 370
MI 1-7b -0 372 372
MI 1-10a 0 381 381
MI 1-10b 38 379 341
MI 1-25 38 382 344
MI 3 19 362 343
MI 4-1 1319 387 932
MI 4-2 1326 394 932
MI S5 1136 358 778
MN 1-1 19 396 377
MN 1-2 114 397 283
MN 1-3 191 412 221
MN 1-4 170 412 242
MN 1-5 647 417 230
MN 1-6 570 417 153
MN 1-7 551 401 150
MN 1-8 882 401 481
MN 1-9 o] 401 401
MN 1-10 246 401 155
MN 1-11 276 418 142
MN 1-12 300 418 118
MN 2-1 0 395 395
MN 2-2 47 413 366
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Table 97. Actual field measured cracking versus cracking as predicted using
the PEARDARP cracking model for all Phase I sections (continued).

Section Measured Predicted

ID Crack Crack Difference
MN 2-3 0 392 392
MN 2-4 19 391 372
MN 3 0 379 379
MN 4b 0 399 399
MN 5 718 398 320
MN 6a 0 408 408
NT 2 230 385 155
NJ 3-1 0 381 381
NJ 3-2 6] 401 401
NY 1-1 0 - 389 389
NY 1-3 19 391 372
NY 1-4 4] 362 362
NY 1-6 76 354 278
NY 1-8a 19 387 368
NY 1-8b 0 389 389
NY 2-3 511 371 140
NY 2-9 267 358 91
NY 2-11 76 375 299
NY 2-15 24 377 353
NC 1-1 » 0 374 374
NC 1-2 496 403 93
NC 1-3 991 399 592
NC 1-4 0 372 372
NC 1-5 57 396 339
NC 1-6 0 395 395
NC 1-7 96 419 323
NC 1-8 246 376 130
NC 2 38 342 304
CH 1-1 303 371 68
CH 1-3 0 393 393
CH 1-4 189 391 202
CH 1-6 133 372 239
CH 1-7 436 380 56
CH 1-9 568 379 189
CH 1-10 170 375 205
OH 2-33a 21 0 21
OH 2-33b 41 0 41
PA 1-1 152 323 171
PA 1-2 0 282 282
PA 1-3 0 243 243
PA 1-4 0 168 168
PA 1-5 0 243 243
ONT 1-1la 0 67 67
ONT 1-1b 13 67 54
ONT 1-2a (0] 405 405
ONT 1-2b 0 405 405
ONT 1-3a 114 405 291
ONT 1-3b 259 405 146
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Table 97. Actual field measured cracking versus cracking as predicted using
the PEARDARP cracking model for all Phase I sections (continued).

Section Measured Predicted

ID Crack Crack Difference
ONT 1-4a 197 421 224
ONT 1-4b 287 421 134

ONT 2 19 411 392

Analysis Variable : DIFCRACK

N Obs Mean Std Error T Prob>|T|

99  299.7575758 17.9199881 16.7275544 0.0001
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Figure 48. Actual field measured cracking versus cracking as predicted using
the PEARDARP cracking model for all Phase I sectioms.
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Table 98. Actual field measured cracking versus cracking as predicted using
the PEARDARP cracking model for the dry-freeze region.

Section Measured Predicted
D Crack Crack Difference

MN 1-1 19 396 377
MN 1-2 114 397 283
MN 1-3 101 412 221
MN 1-4 170 412 242
MN 1-5 647 417 230
MN 1-6 570 417 153
MN 1-7 551 401 150
MN 1-8 882 401 481
MN 1-9 0 401 401
MN 1-10 246 401 155
MN 1-11 276 418 142
MN 1-12 300 418 118
MN 2-1 0 395 395
MN 2-2 47 413 366
MN 2-3 o 392 392
MN 2-4 19 391 372
MN 3 ¢) 379 379
MN 4b 0 399 399
MN 5 718 398 320
MN 6a 0 408 408

Analysis Variable : DIFCRACK

N Cbs Mean Std Error T Prob>|T|

20  299.2000000 25.2372532 11.8554899 0.0001
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Tabie 99. Actual field measured cracking‘versus cracking as predicted using
the PEARDARP cracking model for the dry-nonfreeze region. ’

Section Measured Predicted
ID Crack Crack Difference

Az 1-1 47 392 345
Az 1-2 0 0 0
AZ 1-4 0 1 1
Az 1-5 0 258 258
' AZ 1-6 0 383 383
AZ 1-7 0 382 382
AZ 2 0 369 369
CA 1-1 19 415 396
CA 1-3 385 412 27
A 1-5 0 324 324
CA 1~7 357 411 54
CA 1-9 862 413 449
CA 2-2 0 388 388
CA 2-3 947 404 543
A 6 186 399 213
A 7 646 377 269
cA 8 0 368 368

Analysis Variable : DIFCRACK

N Cbs Mean Std Error T Prob>|T|

17 280.5294118 40.3160417 6.9582578 0.0001
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Figure 49. Actual field measured cracking versus cracking as predicted using the
PEARDARP cracking model for the dry-freeze region.
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Figure 50. Actual field measured cracking versus cracking as predicted using the
PEARDARP cracking model for the dry-nonfreeze region.
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Table 100. Actual field measured cracking versus cracking as predicted using
the PEARDARP cracking model for the wet-freeze region (continued).

Section Measured Predlcted

D Crack Crack Difference
MI 1-la 38 364 326
MI 1-1b 76 369 293
MI 1-4a 0 380 380
MI 1-7a 0 370 370
MI 1-7b 0 372 372
MI 1-10a o} 381 381
MI 1-10b 38 379 341
MI 1-25 38 382 344
MI 3 19 362 343
MI 4-1 1319 387 932
MI 4-2 1326 394 932
MI 5 1136 358 778
NJ 2 230 385 155
NJ 3-1 o] 381 381
NJ 3-2 0 401 401
NY 1-1 0 389 389
NY 1-3 19 391 372
NY 1-4 o} 362 362
NY 1-6 76 354 278
NY 1-8a 19 387 368
NY 1-8b 0 389 389
NY 2-3 511 371 140
NY 2-9 267 358 o1
NY 2-11 76 375 299
NY 2-15 24 377 353
CH 1-1 303 371 68
OH 1-3 0 393 393
OH 1-4 189 391 202
OH 1-6 133 372 239
oH 1-7 436 380 56
OH 1-9 568 - 379 189
OH 1-10 170 375 205
OH 2-33a 21 0 21
OH 2-33b 41 0 41
PA 1-1 152 323 171
PA 1-2 0 282 282
PA 1-3 0 243 243
A 1-4 o} 168 168
PA 1-5 o} 243 243
ONT 1-la 0 67 67
ONT 1-1b 13 67 54
ONT 1-2a o} 405 405

- ONT 1-2b 0 405 405
S ONT 1-3a 114 405 291
. ONT 1-3b 259 405 146
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Table 100. Actual field measured cracking versus cracking as predicted using
the PEARDARP cracking model for the wet-freeze region (continued).

Section Measured Predicted

iD Crack Crack Difference
- ONT 1-4a 197 421 224
ONT 1-4b 287 421 134
ONT 2 19 411 392

Analysis Variable : DIFCRACK

N Obs Mean std Error T Prob>|T|

48  300.1875000 27.7827128 10.8048304 0.0001
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Table 101. Actual field measured cracking versus cracking as predlcted
using the PEARDARP cracking model for the wet-nonfreeze region.

Section Measured Predicted

ID Crack Crack Difference
CaA 3-1 95 398 303
CA 3-2 19 397 378
CA 3-5 426 395 31
FL 2 0 0 0
FL 3 1275 395 880
NC 1-1 0 374 374
NC 1-2 496 403 93
NC 1-3 991 399 592
NC 1-4 0 372 372
NC 1-5 57 396 339
NC 1-6 0 395 395
NC 1-7 96 419 323
NC 1-8 246 376 130
NC 2 38 342 304

Analysis Variable : DIFCRACK

N Cbs Mean Std Error T Prcb>|T|

14 322.4285714 60.9708735 5.2882393 0.0001
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Figure 51. Actual field measured cracking versus cracking as predicted using
the PEARDARP cracking model for the wet-freeze region.
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Figure 32. Actual field measured cracking versus cracking as predicted using
the PEARDARP cracking model for the wet-nonfreeze region.
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Actual field observed pumping versus pumping as predicted

using COPES pumping models for all Phase I sections.

Table 102.

Predicted

Actual Integer

Section

Difference

ID
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0000000000000000000000001111110000000000000000
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Actual field observed pumping versus pumping as predicted using

COPES pumping models for all Phase I sections (continued).

Table 102.

Section Actual Integer Predicted

Pumping Pumping Pumping Difference

ID
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Table 102. Actual field observed pumping versus pumping as predicted using
COPES pumping models for all Phase I sections (continued).

Section Actual Integer Predicted
ID Pumping Pumping Pumping Difference

ONT 1-3a L 1l 1l o
ONT 1-3b L l 1l 0
ONT 1-4a N 0 2 2
ONT 1-4b N 0 2 2
ONT 2 N 0 3 3

Analysis Variable : DIFPUMP

N Obs Mean Std Error T Prob>|T|

99 0.5252525 0.0853569 6.1536021 0.0001

198



COPES Pumping Models
All Phase | Sections

Predicted Pumping n=99
MO
B Y=Y
T SC:) RO ) et (&2 SO
(58)
0 (}1) (9) (2)
0 1 2 3

Actual Pumping

Figure 53. Actual field observed pumping versus pumping as predicted using COPES
pumping models for all Phase I sectionms.
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Table 103. Actual field observed pumping versus pumping as predicted
using COPES pumping models for the dry-freeze region.

Section Actual Integer Predicted

ID Puping Pumping Pumping Difference
MN 1-1 L 1 0 1
MN 1-2 N 0 0] 0
MN 1-3 L 1 0 1
MN 1-4 L 1 0 1
MN 1-5 L 1 0 1
MN 1-6 N 0 0 0
MN 1-7 M 2 0 2
MN 1-8 N 0 0 0
MN 1-9 L 1 0 1
MN 1-10 L 1 0 1
MN 1-11 L 1 0 1
MN 1-12 M 2 0 2
MN 2-1 N o 3 3
MN 2-2 N 0 3 3
MN 2-3 N 0 0 0
MN 2-4 N 0 o 0
MN 3 N 4] 0 0
MN 4b N 0 1 1
MN 5 L 1 0 1
MN 6a N 0 0 0

Analysis Variable : DIFPUMP

N Obs Mean Std Error T Prob>|T|

20 0.9500000 0.2111996 4.4981150 0.0002
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Figure 54.

Actual field observed pumping versus pumping as predicted using COPES
pumping models for the dry-freeze region.
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Table 104. Actual field observed pumping versus pumping as predicted
using COPES JPCP pumping model for the dry-freeze region.

Section Actual Integer Predicted

ID Pumping Pumping Pumping Difference
MN 2-1 N 0 3 3
MN 2-2 N 0 3 3
MN 4b N o 1 1

Analysis Variable : DIFPUMP

N Obs Mean Std Error T Prcb>|T|

3 2.3333333 0.6666667 3.5000000 0.0728
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Table 105. Actual field observed pumping versus pumping as.predicted
using COPES JRCP pumping model for the dry-freeze region.

Section Actual Integer Predicted
D Puping Pumping Pumping Difference

MN 1-1 L 1l o 1
MN 1-2 N 0 (o} 0
MN 1-3 L 1 0 1
MN 1-4 L 1 o 1
MN 1-5 L 1 0 1
MN 1-6 N 0 0 0
MN 1-7 M 2 0 2
MN 1-8 N 0 0 o
MN 1-9 L 1 0 1
MN 1-10 L 1l 0 1
MN 1-11 L 1 0 1
M 1-12 M 2 o 2
MN 2-3 N 0 0 0
MN 2-4 N 0 0 0
MN 3 N 0 0 0
MN 5 L 1 o} 1
MN 6a N 0 0 0
Analysis Variable : DIFFUMP

N Cbs Mean Std Error T Prob>|T|

17 0.7058824 0.1663781 4.2426407 0.0006
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Figure 55. Actual field observed pumping versus pumping as predicted
using COPES JPCP pumping model for the dry-freeze region.
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Figure 56. Actual field observed pumping versus pumping as predicted using COPES
JRCP pumping model for the dry-freeze region.
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Table 106. Actual field observed pumping versus pumping as predicted
using COPES pumping model for the dry-nonfreeze region.

Section Actual Integer Predicting
ID Puping Pumping Pumping Difference

AZ 1-1 N 0 0 0
AZ 1-2 N 0 0 0
. AZ 1-4 N 0 0 0
AZ 1-5 N 0 0 0
AZ 1-6 N 0 0 0
AZ 1-7 N 0 0 0
AZ 2 N 0 0 0
A 1-1 M 2 0 2
CA 1-3 N 0 0 0
CA 1-5 L 1 0 1
A 1-7 H 3 0 3
A 1-9 L 1 0 1
CA 2-2 N .0 0 0
Q 2-3 N 0 0 0
A6 N 0 0 0
Qa7 N 0 0 0
Ca 8 N 0 0 0
Analysis Variable : DIFFUMP
N Cbs Mean Std Error T Prob>|T|
17 0.4117647 0.21106°1 1.9508524 0.0688
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Figure 57. Actual field observed pumping versus pumping as predicted using COPES
pumping model for the dry-nonfreeze region.
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Actual field observed pumping versus pumping as predicted using

Table 107.

COPES pumping models for the wet-freeze region.

Section Actual Integer Predicted

Pumping Pumping Pumping Difference

ID

COAAMHO0O000DO0O00O0O0COHNOHAHAFOOOOOOOO0O0OOHNOOODODOOOHHOO

OCOrrArHrdr10O000000A0O0OAMAHOO0000000000000O00O0O0-HHrelc o

COO0O0O0OFMMAO0O00O000O0O0NO0OO0O0D00O0O00OO00O0O0O0O0OHNOOOOCOHMNMN

PE R R ZRHHAZE a2 R 2R R A 22222222 zz2 B Z2222A88a4

MI 1-10b
ML 1-25
"ML 3

ONT 1-la
ONT 1-1b

ONT 1-2a
ONT 1-2b

M 1-1a
MI 1-1b
MI 1-4a
MI 1-7a
MI 1-7b
MI 1-10a
NY 1-8a
NY 1-8b
NY 2-3
NY 2-9
NY 2-11
NY 2-15
OH 2-33a
CH 2-33b
FA 1-1
ONT 1-3a
ONT 1-3b

CH 1-1
CH 1-6

CH 1-7
CH 1-9
CH 1-10

MI 4-1
MI 4-2
M 5

N 2

NJ 3-1
NJ 3-2
NY 1-1
NY 1-3
NY 1-4
NY 1-6
OH 1-3
OH 1-4
PA 1-2
FA 1-3
PA 1-4
FA 1-5
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Table 107. Actual field observed pumping versus pumping as predicted using
COPES pumping models for the wet-freeze region (continued).

Section Actual Integer Predicted

hss] Pumping Pumping Pumping Difference
ONT 1-4a N 0 2 2
ONT 1-4b N 0 2 2
ONT 2 N 0 3 3

Analysis Variable : DIFPUMP

N Obs Mean Std Error T Prob>|T|

48 0.4375000 0.1069659 4.0900872 0.0002
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Figure 58. Actual field observed pumping versus pumping as predicted using COPES
pumping models for the wet-freeze region.
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Table 108. Actual field observed pumping versus pumping as predicted using
COPES JPCP pumping model for the wet-freeze region.

Section Actual Integer Predicted

ID Pumping Pumping Pumping Difference
MI 1-4a N 0 1 1
MI 1-7a N 0 1 1
MI 1-7b N 0 1 1
MI 1-10a L 1 1 0
MI 1-10b L 1 1 o
MI 1-25 L 1 1 o
NY 1-1 N 0 1 1
NY 1-6 N 0 1 1
NY 1-8a N 0 1 1
NY 1-8b N 0 1 1
NY 2-3 N -0 0 0
NY 2-9 N 0 0 0
NY 2-11 N 0o 0 0
ONT 1-la L 1 1 0
ONT 1-1b L 1 1 0
ONT 1-2a M 2 1 1
ONT 1-2b M 2 1 1
ONT 1-3a L 1 1 0
ONT 1-3b L 1 1 0
ONT 1-~-4a N 0 2 2
ONT 1-4b N 0 2 2
ONT 2 N 0 3 3

Analysis Variable : DIFFUMP
N Obs Mean Std Error T Prob>|T|

22 0.7272727 0.1763239 4.1246404 0.0005
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Actual field observed pumping versus pumping as predicted

Table 109.

using COPES JRCP pumping model for the wet-freeze region.

Section Actual Integer Predicted

Pumping Pumping Pumping Difference

ID

00000000 O0ONOOO0OO0OO0O0OO0O0OHNOOOOO

o NoRoNoReNoNoNoNoNooRoRoNoNoNojoNoNoNoNoNojoNaao}o)

OCO0O0O000O0O0ONODOODODO0ODO0OO0OODOMMNOOOOO

Z R AR R R A E R AR Z R Z R R AR ER A2 RA

SRR, ik
CEECECEEEEY:

Analysis Variable : DIFFUMP

Mean Std Error T Prab>|T|

N Cbs

0.0961

1.7292862

0.1923077

26

0.1112064
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Figure 59. Actual field observed pumping versus pumping as predicted using
COPES JPCP pumping model for the wet-freeze region.
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Figure 60 . Actual field observed pumping versus pumping as predicted using
COPES JRCP pumping model for the wet-freeze region.

212



Table 110. Actual field observed pumping versus pumping as predicted
using COPES pumping model for the wet-nonfreeze region.

“Section Actual . Integer Predicted
ID Punping Pumping Pumping Difference

Q 3-1
CA 3-2
G 3-5
FL 2
FL 3
NC 1-1
NC 1-2
NC 1-3
NC 1-4
NC 1-5
NC 1-6
NC 1-7
NC 1-8
- NC 2

M2ZZ222222222222
WOOOOOOOONOOOO
O00000OO0O0O0OO0O0O0OO
WOOOOOOOONOOOO

Analysis Variable : DIFPUMP

N Obs Mean Std Error T Prob>|T|

14 0.3571429 0.2482276 1.4387716 0.1739
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Figure 61. Actual field observed pumping versus pumping as predicted using
COPES pumping models for the wet-nonfreeze region.
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Table I11. Actual field measured faulting versus faulting as predicted
using the COPES faulting models for all Phase I sections.

Section Measured Predicted

ID Faulting Faulting Difference
AZ 1-1 0.08 0.0594 0.0206
AZ 1-2 0.01 0.0194 0.0094
AZ 1-4 0.01 0.0185 0.0085
AZ 1-5 0.03 0.0264 0.0036
AZ 1-6 0.01 0.0028 0.0072
AZ 1-7 0.02 0.0027 0.0173
AZ 2 0.01 0.0000 0.0100
A 1-1 0.06 0.0704 0.0104
CA 1-3 0.10 0.0704 0.0296
Q 1-5 0.11 0.0523 0.0577
A 1-7 0.06 0.0704 0.0104
A 1~9 0.13 0.0704 0.0596
A 2-2 0.11 0.0650 0.0450
A 2-3 0.11 0.0650 0.0450
Q 3-1 0.08 0.0037 0.0763
QA 3-2 0.11 0.0037 0.1063
CA 3-5 0.10 0.0037 0.0963
CA 6 0.15 0.0603 0.0897
QA7 0.06 0.0610 0.0010
(o 0.04 0.0552 0.0152
FL 2 0.01 0.0000 0.0100
FL 3 0.08 0.0000 0.0800
MI 1-la 0.05 0.0340 0.0160
MI 1-1b 0.08 0.0340 0.0460
MI 1-4a 0.03 0.0907 0.0607
MI 1-7a 0.04 0.0659 0.0259
MI 1-7b 0.04 0.0659 0.0259
MI 1-10a 0.14 0.0907 0.0493
MI 1-10b 0.19 0.0907 0.0993
MI 1-25 0.20 0.0453 0.1547
MI 3 0.02 0.0577 0.0377
MI 4-1 0.12 0.1017 0.0183
MI 4-2 0.06 0.1017 0.0417
MI 5 0.05 0.0410 0.0090
MN 1-1 0.31 0.1101 0.1999
MN 1-2 0.06 0.0314 0.0286
MN 1-3 0.31 0.1162 0.1938
MN 1-4 0.06 0.0482 0.0118
MN 1-5 0.37 0.1375 0.2325
MN 1-6 0.00 0.0482 0.0482
MN 1-7 0.31 0.1314 0.1786
MN 1-8 0.06 0.0313 0.0286
MN 1-9 0.37 0.0758 0.2942
MN 1-10 0.13 0.0313 0.0986
MN 1-11 0.50 0.0819 0.4181
MN 1-12 0.06 0.0482 0.0118
MN 2-1 0.06 0.0638 0.0038
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Table 111. Actual field measured faulting versus faulting as predicted using
the COPES faulting models for all Phase I sections (continued) .

Section Measured Predicted

ID Faulting Faulting Difference
MN 2-2 0.06 0.0700 0.0100
MN 2-3 0.05 0.0258 0.0242
MN 2-4 0.06 0.0257 0.0342
MN 3 0.02 0.0179 0.0021
MN 4b 0.01 0.0877 0.0777
MN 5 0.09 0.0381 0.5169
MN 6a 0.01 0.0234 0.0134
NJ 2 0.06 0.2867 0.2267
NJ 3-1 0.05 0.0809 0.0309
NJ 3-2 0.06 0.0809 0.0209
NY 1-1 0.02 0.0994 0.0794
NY 1-3 0.14 0.0974 0.0426
NY 1-4. 0.09 0.1310 0.0410
NY 1-6 0.03 0.1330 0.1030
NY 1-8a 0.01 0.0994 0.