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FLEXIBLE PAVEMENT DESIGN PROCEDURES

Pavement Type Definitions

A discussion of pavement design makes it necessary to define the type
of pavement being discussed. The two very basic types are "flexible" and
"rigid" pavements. Definitions are very general and due to this fact they
are varied. A very basic definition of pavement types is as follows:

Flexible - Asphalt Surface
Rigid - Portland Cement Concrete Surface.

These definitions are arbitrary. The flexible pavement may become
"slab-1ike" and assume many of the rigid pavement characteristics. The
rigid pavement may lose this rigid posture and behave somewhat like the
flexible pavement.

The flexible pavements may be subdivided into two very general areas:

1. Thin Surfaced Flexible Pavements
2. Semi-Rigid and Stabilized Pavements

The thin surfaced flexible pavements may be surfaced with either asphaltic
concrete pavement or the surfacing may be single, double or triple surface
treatment. The base course for the thin surfaced flexible pavements should
be unbound or unstabilized. The key to the thin surfaced flexible pavement
is its flexibility. The surfacing layer must be flexible enough to withstand
the tensile strains without forming tensile cracks or fatigue cracking. The
base material must be unstabilized so that tensile strains are not trans-
mitted upward to the surfacing layer.

The semi-rigid or stabilized pavements are characterized by their thick
and rigid surfacing layers. The subbase(s) in this type of pavement are also
frequently stabilized. The key thought in this type of pavement is the
ability to withstand tensile stresses without premature fatigue failures.
This ability to tolerate the tensile stresses is a function of the rigidness
and thickness of the surfacing layer(s). With sufficient rigidness and
thickness the pavement layer assumes a semi-rigid slab like behavior. This
rigid or slab like behavior aids in disipating the wheel load stresses into
the base. subbase and subgrade layers.. The semi-rigid layer may actually
be composed of several layers. The layers must be bonded together so that



shear stresses are transmitted between layers. The layers may be
a series of asphaltic concrete layers or there may be a mixture such
as asphaltic concrete on cement treated base.

The surfacing layer thickness for the "thin surfaced flexible pave-
ments" and the "semi-rigid and stabilized pavements" and the reasoning
for this concept will be discussed in another section of this report.

Definition of Flexible Pavement Design

Pavement design and especially flexible design divides itself into two
tasks as follows:
1. Hixture or Materials Design
2. Structure or Thickness Design

Flexible pavement design divides itself into these two tasks but it is
not intended to imply that these two tasks can be cleanly separated at the
design stage and later joined into a happy reunion on the roadway. There
must be interaction between the tasks; the thickness design assumptions must
be achievable in the materials design stage and, likewise, the materials
-design stage must carry out the intent of the thickness design. Specifica-
tions are the link between mixtures and thickness design. Specifications
are also the means by which both design phases are linked to construction
and to maintenance of the pavement.

Figure 1, Pavement Relationships, point out that specifications are the
link in the pavement design, construction and maintenance cycle. Also, the
interaction or paths between functions is of interest. Obviously, all
posssible pathways are not shown.

The objective of this report will be to treat only the structural or
thickness design phase of flexible pavement design.

The Life Cycle of a Pavement

The design of pavements is but one of a series of steps in the life
cycle of a pavement. During the life cycle of a pavement some of the major

events could be as follows:

1. Planning
2. Preliminary Design
3. Programming (Funding)



Detailed Design

4

5. Construction
6. Maintenance
7

Evaluation (Monitoring)

When to Do a Pavement Design

The question of when to do a pavement design is of extreme importance.
Inevitably, the need for a pavement design occurs and before an adequate
design can be made, other factors may have forced the use of an "estimate"
of a pavement structure. Obviously the design must be well established be-
fore the programming or funding stage. In the previously noted life cycle
of a pavemént there are two design stages shown. If this first or prelimi-
nary design is inadequate this deficiency will be reflected into all other
phases of a pavement's life cycle. The pavement as constructed will be
inadequate,maintenance will be excessive, anticipated performance will not
be achieved and the cycle returns prematurely to planning. It becomes
necessary to anticipate needs and plan for these needs sufficiently in
advance of a program call so that the allocated funding may correspond to
the future needs of the project. The evaluation or pavement monitoring
process should be used as a tool to anticipate both the current and the
future needs of an existing pavement.

Flexible Pavement Design Procedures

There are a considerable number of well known flexible pavement design
procedures. The key issue is "availability" and "appliicability" of these
various procedures. The two procedures most readily available to Depart-
mental pavement designers are:

(1) Flexible Pavement Design System (FPS)
(2) Texas Triaxial Design System

The Flexible Pavement Design System (FPS) is the Highway Design Division's
official flexible pavement design procedure and as such, this procedure is
presented in greater detail in this report.

The Materials and Tests Division, sponsors Test Method Tex-117E,
"Triaxial Compression Tests for Disturbed Soil and Base Materials". This
test method is generally known as the Texas Triaxial Design System. The
Texas Triaxial Design System will also be discussed later in this report.
Also an abbreviated version of the Texas Triaxial Design System is
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recommended in the checking of designs generated by FPS and this will also
be presented.

There are of course many other flexible pavement design procedures
both theoretical and emperical, that the designer may wish to consider
as "second opinion" type of procedures.

SPECIFICATIONS

FIGURE 1
Pavement Relationships
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FLEXIBLE PAVEMENT DESIGN SYSTEM

Introduction and History

The Flexible Pavement Design System is known in the Department as FPS.
The current version is FPS-11, which designates this as the eleventh major
version of the system. FPS dates its beginning to the American Association
of State Highway Officials (AASHO) Road Test, conducted in Ottawa, I1linois,
in the late 1950's and early 1960's. The Test was extensive in its test
features and produced design concepts for both flexible and rigid pavements.

The major accomplishment, possibly, of the Road Test was the defining
of the serviceability concept or the ability of a pavement to serve traffic
for which it was designed. A second important feature defined at the Road
Test was the 18-Kip Sing1e.Ax1e load equivalents. This feature allowed mixed
traffic to be converted to a uniform common denominator in terms of pavement
performance represented by the serviceability concept. By the use of factorial
pavement designs the Road Test represented the most comprehensive relationships
between performance, structural thickness and traffic loadings available at
that time. To date, there have been no further developments that supersede
the Road Test.

There was one major flaw in the Road Test concept. The pavement designers
in Texas and other states were faced with the problem of extrapolating the AASHO
Road Test results to the individual states. The Test results were applicable
to one environment, one subgrade, one set of construction materials and one set
of construction procedures, all of which were unique to the Road Test site.

In 1962, the Texas Highway Department took a significant step forward in
flexible pavement design procedures. The Department contracted with Texas
Transportation Institute (TTI) for a research task to adapt findings of the
AASHO Road Test to Texas conditions. This task at TTI was under the direction
and supervision of Mr., Frank H. Scrivner who had served as Rigid Pavement
Research Engineer at the Road Test. Prior to this, he served with the Highway
Department in several capacities and his contributions to the flexible pavement



design procedures were very substantial.

It became apparent that Texas needed more than a simple extrapolation of
Road Test findings to Texas conditions. The Research Report 32-11, "A Systems
Approach to the Flexible Pavement Problem," by Scrivner, Moore and McFarland
(Ref. 1), published in 1968, pointed out the need for a systems approach as
well as implementation of pavement structure design procedure. Climate, main-
tenance costs, user costs and other items would have to be considered. At about
the same time, NCHRP Report 10-1, "Systems Approach to Pavement Design System
Formulation, Performance Definition, and Material Characterization,"” by Dr. W. R.
Hudson and others (Ref. 2) was published and dealt with some of the same pavement
design-systems approach features researched and reported by Scrivner. Dr. Hudson,
currently with the Center for Transportation Research at The University of Texas
at Austin, had served as Assistant Rigid Pavement Research Engineer at the AASHO
Road Test. He had also been with the Texas Highway Department prior to his join-
ing The University of Texas. Among the other authors of the NCHRP report was
~Dr. B. F. McCullough, Director of the Center for Transportation Research. He
also had a significant period of service with the Texas Highway Department
prior to his joining The University of Texas at Austin.

While 1968, was a significant year for publication of research reports of
major importance, it was also the year of a cooperative research event. A
triumvirate composed of Texas Transportation Institute, Center for Highway
Research, and Texas Highway Department, in cooperation with the Federal High-
way Administration, undertook a research effort designated as Research Project
123, "A System Analysis of Pavement Design and Research Implementation." Mr.
James L. Brown, Engineer of Pavement Design, Highway Design Division, contri-
buted greatly to the coordination of the research effort and to the eventual
statewide implementation of FPS.

There were many more people who were significantly involved in the devel-
opment of a Flexible Pavement Design System through the Project 32 and 123
phase of the effort and a review of research reports for Projects 32 and 123
will make the reader aware of the level of effort involved.

The systems approach flexible pavement design computer program developed
by Scrivner in Project 32 was further advanced and became the first official



FPS program designated as FPS-1. "A Systems Approach Applied to Pavement
Design and Research" by Hudson, McCullough, Scrivner and Brown was released
as Research Report 123-1 in March 1970 (Ref. 3). Their report contained the
first FPS series and the program was designated as FPS-3.

The years between 1970 and 1974 were very productive in terms of develop-
ment and implementation of FPS. By 1972, the FPS family had grown to such an
extent that FPS-11 was developed and documented. Research Report 123-20,
“Implementation of A Complex Design System" by Buttler and Orellana (Ref. 4),
June 1973, documents this effort during the 1970-1973 time period.

The first implementation of FPS was officially started in July 1970 with
a pilot training program (Ref. 4). Districts 2, 5, 14, 17 and 19 were the
Original Five Districts in the program (Figure 1).

A feedback workshop was held in January, 1971 when users discussed their
experience, difficulties, and faults of FPS with the researchers. As a result
of this information, the researchers were able to make significant changes in
the stochastics or reliability features, revise swelling clay model, addition
of overlay mode, and new overlay model.

In June, 1971, the pilot implementation was expanded to include five more
Districts: 1, 8, 11, 15, and 21, as noted on Fiqure 1.

Trial implementation and program debugqing of FPS-11 continued until June,
1974 when a statewide implementation of the Flexible Pavement Design System
was begun. This consisted of eight regional training schools at various loca-
tions about the State. Representatives from three Districts attended each
school. At the request of the Federal Highway Administration, an additional
school was held in Austin for their Divisional (local), Regional and Washing-
ton, D. C. personnel. Out of a total of 244 persons attending the schools,
70 percent were engineers and 30 percent were technicians.

Revision of the Highwav Desian Division Operations and Procedures Manual
in Auqust. 1974. included the Flexible Pavement Design System (FPS) as the
recommended flexible pavement desian procedure. The Flexible Pavement Designer's

Manual provided Departmental personnel with instructions for designing flexible
pavements by the systems approach. This is the same manual used in the region-
al FPS schools. The official title and subsequent revisions of the manual are:
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Texas State Department of Highways and Public Transportation,
Part I, Flexible Pavement Designer's Manual, Highway Design
Division, 1972 (Revised through May 1983).

The Districts and Divisions were furnished with two numbered manuals,
published in three-ring binders. All other personnel attending the schools
received unnumbered bound manuals. Pending changes to the FPS program and
manual have made a general reprinting impractical at this time. However,
upon request, the Design Division will provide xerox copies of the manual.
The Pavement Design Section will also be pleased to give design assistance
and training on the FPS program or any other pavement design procedures.



Brief Description

The objective of this report is to give a brief overview of FPS and to
point out areas of concern which are not automatically addressed correctly
by FPS. The FPS manual has precise and detailed description of the procedure.

The purpose of the FPS system is to provide, from available materials,
a pavement that can be maintained above a specified level of serviceability,
over a specified period of time, with a specified reliability, at a minimum
overall total cost. This objective is accomplished by the designer's use of
a group of three computer programs outlined in Figure 2, FPS System Computer
Programs. FPS-11, of course, is the chief program; the Stiffness Coefficient
Program, and the Profile Analysis Program are subsidiary programs.

The FPS-11 Program has the capability of designing a new flexible pavement
(or rehabilitation of an existing pavement structure) or an Asphalt Concrete
Pavement overlay for an existing flexible pavement.

The FPS system objective of providing a pavement design "at a minimum
overall total cost" is the backbone of the program. The optimization procedure
is an optimization of total cost for a given analysis period. Items considered
in the total cost optimization are:

Initital construction cost,
Overlay construction cost,

1

2

3. User cost (delay),

4. Routine maintenance cost, and
5

Salvage value.

Sixty-six inputs to the system are provided by the FPS-11 program. These in-
puts are in ten categories listed below. The parenthetical numbers indicate
the inputs on each card or category.

Card No. Category
1 Project ldentification (8)

2 Project Comments (1)

3 Basic Design Criteria (6)

4 Program Controls and Constraints (5)
5 Traffic Data (8)

- 10 -



FPS SYSTEM

FPS—11  PROGRAM

o NEW PAVEMENT DESIGNS
® ACP OVERLAY DESIGNS

STIFFNESS COEFFICIENTS PROFILE ANALYSIS
PROGRAM PROGRAM

FIGURE 2

FPS SYSTEM COMPUTER PROGRAM




Card No. Category

6 Environmental and Subgrade (5)

7 Construction and Maintenance Data (9)
8 Detour Design for Overlays (7)

9 Existing Pavement and Proposed ACP (8)
10 Paving Materials Information (9)

A very important feature in training a flexible-pavement designer in
the use of the FPS system is the understanding or recognition of the major
inputs to FPS. Stated in another way, What are the most sensitive inputs?
If pavement design performance is the major objective, then the input items
contained in the FPS performance equation should be examined. The performance
equation input items are:

1. Serviceability Index
a. Initital serviceability
b. Serviceability after ACP overlay
c. Terminal serviceability
2. Materials Stiffness Coefficients
(or Surface Curvature Index)
3. Traffic (18-KSA applications)
4. Temperature Constant
5. Swelling Clay Properties

Figure 3, FPS System Performance Equation Concept, gives a blackbox
approach to the performance equation. The important feature that the black-
box conveys is that a pavement is started at an initial level of serviceability
(smoothness) and, as a function of time, two sets of factors reduce this ser-
viceability. It is interesting to note that swelling clays could destruct a
pavement without its exposure to traffic, etc. There is at least one instance
where this occurred. A detailed review of the FPS-11 Performance Equation is
given in Report 123-15, "FPS-11 Flexible Pavement System Computer Program Docu-
mentation," by Orellana (Ref. 5).

One of the best Tlearning procedures for FPS is the sensitivity study (by
the user) involving the major inputs. Many applications of sensitivity stddy
are possible, such as traffic versus flexible base thickness, flexible base
stiffness coefficient versus flexible base thickness and an endless array of
other choices. In all instances, the user must vary only one input and monitor
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the resultant changes in output. If two inputs are simultaneously varied,

it will be impossible to determine which one produced the corresponding

response. The sensitivity study may be referred to as the "what if" study.

What if the subgrade coefficient is changed, the base coefficient, the traffic,
etc. But in every instance, only one "what if" should be studied at a time

or the response will not be clear. The sensitivity study and the "what if" study
appear to be the same except that the sensitivity study is usually better organ-
ized and yields better results. MWith sufficient sensitivity study work in
advance, the "what if" question becomes moot at actual design time.
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Data Requirements

The two major data item requirements to FPS are the pavement Structure
and subgrade stiffness information and the traffic data group. In addition
to these two groups, there are several items which are not required in the
strict sense to use the FPS-11 program but they are needed if a flexible
pavement design is to be successful.

Learning everything about an existing pavement structure is a basic begin-
ning. Each pavement structure layer should be identified and its nominal thick-
ness determined. The general condition of the pavement and individual layers
is desirable information in that it reveals how various designs and their ele-
ments perform under a given environment, traffic, etc.

A soils survey of the probable subgrade material is of design assistance.
General soils classification, drainage characteristics and swelling clay poten-
tial are necessary items of information. The limits of these features should
be established in terms of a relocatable system such as project stationing.
When preliminary soils surveys establish that clays with swelling potential
are suspected, it becomes almost obligatory to better define the 1imits of the
potential swelling clay areas and to determine their potential vertical rise
characteristics. These features relating to the swelling clays are direct and
important inputs to the FPS system.

A visual survey of the pavement condition is a spin-off from traveling
through the project. Helpful information can usually be gained by a more
organized approach to the visual survey. If time is taken to subdivide the
project into convenient uniform lengths of known 1imits, each segment can then
be surveyed and major distress elements quantified. For example, the severity
of fatigue cracking might be classified as none, slight, moderate, or severe.
By defining each severity level, limits of various forms of distress should be
more easily quantified. Having the visual condition on a more quantified basis
will make it available for comparison with deflection data measurement noted
in the following discussion items.

For flexible pavements in Texas the Dynaflect has been an almost exclusive
tool for the measurement of pavement surface deflection basins. Appendix B of
the FPS manual gives detailed information on the usage of the Dynaflect measure-

- 15 -



ment data for the computation of pavement stiffness coefficients and subgrade
stiffness coefficients as well as other items such as the Surface Curvature
Index (SCI). A more technical description of the Dynaflect Deflection Equa-
tion and its derivation is contained in Research Report 32-12, "An Empirical
Equation for Predicting Pavement Deflections" bv Scrivner and Moore (Ref. 6).

The need to secure reliable Dynaflect information for the specific job
under consideration cannot be over-emphasized. For rehabilitation projects,
this securing of Dynaflect data is relatively easy since a pavement exists
in the proposed location. Where the proposed project will be on new location
the securing of reliable information for the subgrade is more complicated.

For the new location it becomes necessary to Dynaflect pavement structures in
the vicinity that are also in similar geology and soils classification. The
use of assumed pavement materials and subgrade material stiffness coefficients
is discouraged. Dynaflect investigations are a rapid and low cost means of
materials characterization and their usage are advised.

Traffic data is an item that the pavement designer must obtain from other
sources. There are two sources of traffic data and both originate with File
D-10, Transportation Planning Division. The more preferable of these methods
is by formal request to File D-10 for their "Traffic Analysis for Highway
Design" and specifically indicating that this is for pavement design/analysis
purposes. As a minimum, D-10 must be advised as to route and limits for which
this projection is required. If special developmental features are anticipated
within the analysis period, this information should be conveyed with the request.
Unless otherwise requested, File D-10 will prepare the projections on the basis
of a 20-year analysis period. The second source of traffic data is the Roadway
Information System (RIS). Traffic data obtained from RIS is satisfactory for
preliminary design purposes but it is not recommended as the sole source of
traffic data.

There are some questions as to the adequacy of the present methods of
estimating traffic and the amount of data that is available for this purpose.
A research project has been proposed to attempt to improve traffic forecasting
methods. If there exists any doubt about the traffic furnished by D-10, addi-
tional investigation and studies may be warranted.
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Dynaflect Deflection Data Analysis

The Dynaflect Stiffness Coefficient Program outlined in Appendix B,
Flexible Pavement Designer's Manual, is the basic means of raw Dynaflect
data reduction. Figure 4, Dynaflect Deflection Basin, defines the basic
deflection information which can be obtained from a Dynaflect measurement.
The deflection basin shape, defined by surface deflections w] through w5
is the basic measurement with the Surface Curvature Index (SCI) being direct-
ly obtainable by subtracting w] - wz. Processed through the Dynaflect Stiff-
ness Program, two other back-calculated data items are obtained. Figure 5,
Dynaflect Stiffness Coefficients, outlines the two items. The Composite Pave-
ment Stiffness Coefficient is designated as AP2 and the Subgrade Stiffness
Coefficient as AS2. The inability to isolate pavement stiffness coefficients
in a multilayer pavement structure has been a major inadequacy in the present
version of the Flexible Pavement Design System. In the last several years,
there have been several program developments which allow a better determination
of coefficients in a multilayer structure. The statewide implementation of
these multilayer coefficient programs has been delayed for several reasons.
First, their complexity would require a significant implementation effort.
Second, the results of these procedures have not been checked out sufficiently
to justify their release. Finally, and possibly the most important, is that
ongoing research proposes the conversion of FPS to a linear elastic system using
elastic moduli as strength inputs. This conversion to elastic moduli inputs has
considerable promise, and preliminary indications are that reasonable multilayer
"elastic moduli determinations can be made from Dynaflect measurements and several
other means including laboratory determinations. Simply said, Engineers seem
to understand elastic moduli better than stiffness coefficients.

An example of output from the currently available Dynaflect Stiffness
Coefficient program in Example la through 1d shows the w] through ws, SCI, AS2,
and AP2 values previously noted. The overall pavement structure depth is a
"must" input for the program to function. The more detailed information provides
documentation on the actual pavement structure materials and layer thicknesses.

The shape and magnitude of the Dynaflect deflection basin are indications
of the overall pavement structure and subgrade load-carrying capacity. The
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Example 1a
TEXAS HIGHWAY DEPARTMENT
DISTRICT 68 -DESIGN SECTION
DYNAFLECT DEFLECTIONS AND CALCULATED STIFFNESS COEFFICIENTS
THIS PROGRAM WAS RUN - 07-22-82

e e sk ke A i 9k e e ke vk dke vk vl e e ke vk vl vl k9 e ke ke de vk vk 3k 9k ke Jk de vk v e e 3k dke dke 3l vl v v dle vl e ke vl dke dke vk dle e 3k ke gk die Ak die d dke dke T ke dke e Ik dke Y e de e e dir gl e v v e v Yk vk

PROJECT IDENTIFICATION

DIST. COUNTY CONT. SECT. PPSN HIGHWAY DATE DYNAFLECT
68 HARDROCK IH 102 05-04-82 48
REASONS FOR MEASUREMENTS AND COMMENTS TOTAL PAV DEPTH
S§ - 20.10 INCHES

Ye v 3k e e Yo s 3k e vk e e K 3 Kk ke 9 Kk vk ok vk ok dke K 9l sk 3k dk vk 3k dle vl dle vk ok vk e e e e v e die e dle vl e e K ok ok ok ok Ik K ok Ik Ik ok 3 ok dk dir ke 3k 3k ok vk ok ok Ik 3k dk ok dk ke 2k ok vk vk vk e ok

EXISTING PAVEMENT

MATERIAL TYPE LAYER THICK.(IN)
HMAC TY D 1.50
HMAC TY C 2.00
2 CR SURF TR 0.60
FB CR LIMESTONE 10.00
FC SANDY GRAV. 6.00

Y Ye v Y v e v v vie ve v e e e 3k Ik 9 ok ke ok 3k Ik ok ok 3k de ok Kk vk v vk vk v v dk dke vk dk vk dk dk kvl ke dle vl dk K vl die ke vl Sk vk die dle e Y e vk e vk 3k Sk ok 3k ke vk dk dke dk Ik ok vk ke vk e e K

GENERAL LOCATION INFORMATION

DIRECTION OF TRAVEL IS  WEST  OPPOSITE MILEPOINTS
MEASUREMENTS ARE 3 FEET FROM THE RIGHT SIDE OF LANE L

DESCRIPTION OF LOCATION ODOMETER READING MILEPOINT
FROM -  NEAR SANDY RIVER BR MP 48.1
TO - INTERCHANGE, US 599

e Y v e e s e %k gk % e sk ke de Kk vk vk vk sk dk Kk vl de vl vk vk vk e vk %k ke ke ke ok vk de gk g e dke dke dle vk Sk e Kk vl v e e 5k 3k e Ik de de e e k9K e 3k 3k e dk ok dk Ik 3k ok dle die e e ke ok dk Ik de K

-20 -



DIST.
68

ODOMETER

9711.
9711.
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9711.
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9712.
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9712.
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9713.
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9715.
9715.
9715.
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9715.
9715.
9715.
9715.
9715.
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COUNTY
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Wl

weloNoloNoNoNwloelolololoNoelololololoellojloloelloeololeloeNloNoeloNoNoNolaloNoNoNoNoloNoNoNo o No)

.580
.310
.230
.330
.310
.220
.260
.320
.290
.410
.290
.290
.290
.480
.210
.330
.220
.290
.160
.220
.350
.260
.190
.260
.240
.210
.250
.380
.410
.590
.440
.460
.420
.350
.380
.460
.440
.530
.570
.750
.950
.770
.700
.710
.680

[wEeNololelolololaoNaloleoaaleloNeloleleloeoeleoloNoNeNoleoNoRNoloNeloRoNoNoloNoRoNoNoNo No XN ol o

w2

.360
.130
.140
.220
.160
.110
.130
.180
.170
.270
.130
.160
.150
.320
.120
.170
.120
.160
.090
.110
.160
.130
.110
.140
.130
.130
.170
.190
.280
.330
.240
.280
.240
.200
.200
.250
.230
.270
.340
.510
.600
.530
.490
.470
.460

CONT.

W3

.260
.050
.100
. 140
.080
.060
.060
.120
.100
.230
.070
.100
.080
.200
.070
.100
.070
.120
.060
.090
.090
.080
.070
.080
.090
.090
.110
.100
.210
.200
.160
.190
.190
.150
.130
.170
.150
.150
.230
.380
.440
.400
-390
.360
.350
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Example 1b

SECT.

PPSN

DYNAFLECT DATA

[eNwlololoNoNololololoiololololololoiloloaioNolololololololololNoloNoloiolNoNoNololoNoR ool oo

wa

.210
.020
.070
.090
.040
.040

COO0OO0OO0OCOO0O0000O00O0O0O00O0O0O0O0ODOO0O0O0O0O0OCO0O0O00ODODODODOODODODODODODODODOODODODDODOOODOODOO

W5

.200
.010
.060
.080
.030
.030
.030
.070
.050
.130
.030
.060
.050
.080
.030
.050
.030
.060
.020
.030
.050
.030
.030
.040
.050
.050
.070
.050
.120
.110
.090
.110
.120
.110
.080
.100
.080
.080
.140
.260
.290
.250
.250
.240
.230
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OO0 ODO0COOODDOO0OOO0OO0OOCOO0ODODOO0O0ODOOODDODOCDODODOODODODODODODODOCOOOOOOO

SCI

.220
.180
.090
.110
.150
.110
.130
.140
.120
.140
.160
.130
.140
.160
.090
.160
.100
.130
.070
.110
.190
.130
.080
.120
.110
.080
.080
.190
.130
.260
.200
.180
.180
.150
.180
.210
.210
.260
.230
.240
.350
.240
.210
.240
.220

HIGHWAY
IH 102

OO0 O0O0COOODOO0OOO0OO0ODDOOOOOOODODODOOOODDOOODDOODODODODODODODDOOOODOOODOOOOO0O

DATE

OCOO0OO0OO0CO0O000DO00O0O0O0ODO0O0CODDO0DO0DODODOO0O0DODODODODODOODODODODOODODODODODODODODODODODODODODODODODODODOODODOOO

05-04-82

DYNAFLECT
48
REMARKS
05/8 0 3/4
03/ 07/8
03/4 0 3/4
0 3/4 0 3/4
03/4 0172
03/ 01/2
03/4 0172
0 3/4 0 5/8
MP 47
= 45
MP 46
MP 45
PATCH
PATCH
MP 44
| PATCH
$= 59

OO0 00O0OO0OO0OO0O



DIST.
68

ODOMETER

9715.
9716.
9716.
9716.
9716.
9716.
9716.
9716.
9716.
9716.
9716.
9717.
9717.
9717.
9717.
9717.
9717.
9717.
9717.
9717.
9717.
9718.
9718.
9718.
9718.
9718.
9718.
9718.
9718.
9718.
9718.
9719.
9719.
9719.
9719.
9719.
9719.
9719.
9719.
9719.
9719.
9729.
9729.
9729.
9729.

ONO N OVONOTPEPWNPRLPROOVONOTOPEAWLWNHOVONOOTOMPAPWNEFRLROVLVRRNOUOUIARWLWNDELOW

COUNTY

HARDROCK

[ Moo N oo Nen Nen Nen Nen Nen N el oo Nen Nen Nen N en N en e oo oo N e an Jen [ en I en N en N en N en N en N o Nen N en Moo Nen oo Nen Neo e N en Nen e oo Nen oo N Nen Nen)

Wl

.490
.600
.660
.620
.690
.580
.500
.460
.560
.470
.720
.550
.440
.470
.680
.550
.570
.600
.710
.370
.420
.330
.630
.460
.460
.410
.570
.410
.360
.420
.360
.460
.450
.550
.480
.440
.400
.410
.460
.500
.430
.400
.430
.510
.340

w2

OO0 0O0OO0OO0O0OO0COOOOOOO00O0DO0DO0OOOO0O0O0O0O0O0OOOOOOODOOOODDODODODOOOOO

.350
.370
.440
.410
.420
.380
.300
.270
.340
.270
.400
.330
.270
.230
.450
.290
.250
.310
.350
.190
.200
.170
.340
.280
.250
.210
.310
.210
.210
.230
.230
.260
.250
.280
.260
.230
.220
.230
.250
.270
.200
.210
.220
.270
.170

CONT.

W3

.280
.260
.330
.280
.270
.280
.200
.180
.230
.180
.210
.220
.200
.110
.290
.160
.120
.170
.170
.120
.150
.100
.190
.190
.150
.130
.160
.120
. 140
.140
.160
.150
.160
.150

.140
.150
.160
.140
.160
.140
.120
.140
.160
.090

OCOOOOOOOOCODO0O0O0COO00O0O0O0OOOCOOOOOOOOOOOOOOOOOCODOODOOOO O

Example lc

SECT.

PPSN

DYNAFLECT DATA

OCOOCOOOOOOOO0OO0O0O0OOCOOOOOOOOOOOOODOODODODODOODOOOOODOODOODO O

wa

.220
.200
.270
.220
.190
.200
.140
.120
.170
.120
.160
.180
.130
.060
.180
.090
.070
.100
.100
.080
.070
.060
.100
.120
.090
.080
.080
.080
.100
.080
.100
.090
.090
.100
.090
.090
.090
.090
.090
.110
.090
.070
.080
.100
.050

COCOO0OOCOOOOOO0OO0O0O0OO0O0OO0DODODOOODODODOOOOODOOOOOOOOOOOOODODOO

W5

.170
.160
.210
.170
.150
.160
.110
.100
.130
.110
.130
.120
.100
.050
.130
.080
.060
.080
.070
.070
.060
.050
.080
.090
.070
.060
.070
.070
.070
.070
.080
.070
.080
.080
.080
.070
.080
.070
.070
.080
.070
.050
.070
.080
.050
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[ea Nen N ew Nen Nen Nen N e en Nen oo Nen oo Nen en oo Nen oo N oo oo Nen J oo en i en New N New oo Nen Nen Nen Nen Nen Nen Neo Nen Nen Neo Neon Nen Nen Nen Neo New New Nen

SCI

.140
.230
.220
.210
.270
.200
.200
.190
.220
.200
.320
.220
.170
.240
.230
.260
.320
.290
.360
.180
.220
.160
.290
.180
.210
.200
.260
.200
.150
.190
.130
.200
.200
.270
.220
.210
.180
.180
.210
.230
.230
.190
.210
.240
.170

HIGHWAY
IH 102

OO0OO0COO0OODODODOOODOODODO0O0COOOLODOOOODODOOODODOODOODODDODODODODODOOOOOOOOOOOOOO

DATE
05-04-82

[N e e NeNoloNoloalololloNelololoeloellololoalolloaloelololloloeloloRoeNololoNoNoNoNolNoNoNoNoloNoNoNoNo)

DYNAFLECT
48

REMARKS

MP 43

MP 42

TRAP ROCK
TRAP ROCK

MP 41

MP 40.7
01/2
0 3/4
01/2
0 3/4
0172
0 3/4
0 5/8
MP 39.9

OO0 O0COOO0O

S= 43
STA 116+00

1/2
1/2
1/4
5/8
3/8
3/4
1/4

[e= N e N e e i oo an N e )



DIST.

COUNTY

68 HARDROCK

ODOMETER W1

9729.
9730.
9730.
9730.
9730.
9730.
9730.
9730.
9730.
9730.
9730.
9730.
9731.
9731.
9731.
9731.
9731.
- 9731.
9731.

UM PAWNDFROWORONOUTAEWN - OW
OO0 DODO0OO0OODOODDOODODODODOOO

AVERAGES 0.

.510
.510
.360
.410
.490
.460
.710
.550
.370
.640
.630
.580
.420
.970
.610
.680
.730
.660
.740

470

OO0 O0COO0OOCODODODO0O0O0ODO0O0OO0OODOD0O0O0O0OO0OO0O

0.

STANDARD DEVIATION

NUMBER OF POINTS IN AVERAGE = 109

W1-5

w2

.260
.300
.210
.260
.320
.320
.510
.360
.230
.400
.380
.380
.250
.650
.590
.370
.430
.350
.370

275

CONT.

OO0 00CO0O0O000O0D0O00O0OO0O0O0D0O0OODOD0O00O0OO

0.

W3

.160
.210
.130
.190
.230
.230
.370
.270
.170
.260
.250
.260
.150
.480
.490
.220
.270
.200
.190

181

Example 1d

SECT.

PPSN

DYNAFLECT DATA

OO0 O0OO0O0OO0COOOCOOODOOODO0O0OO0OO

0.

wé

.100
.140
.080
.130
.160
.150
.270
.170
.100
.170
.160
.160
.080
.350
.360
.140
.180
. 120
.120

122

OCOOO0OO0OCOOOOOOODO0ODOO0OO0OODO0OOOO

o

W5

.080
.110
.070
.100
.120
.110
.180
.130
.080
.120
.110
.100
.060
.240
.250
.100
.130
.100
.090

.097

DEFLECTIONS AT GEOPHONES 1,2,3,4,&5

[N oNejololololoalololallelololololallolo)

oo

SCI

.250
.210
.150
.150
.170
.140
.200
.190
.140
.240
.250
.200
.170
.320
.020
.310
.300
.310
.370

.194
.066

SCI  SURFACE CURVATURE INDEX ( W1 MINUS w2)
AS2  STIFFNESS COEFFICIENT OF THE SUBGRADE
AP2  STIFFNESS COEFFICIENT OF THE PAVEMENT
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HIGHWAY
IH 102

oo

OO0OO0OO0CO0O0O0O00O0COO0O0OO0DOD0O0OOOO

DATE

OO0 O0OHOOOOOODODODOOODODOOO

oo

AP2

.43
.46
.49
.50
.49
.52
.50
.48
.50
.45
.45
.48
.48
.44
.13
.42
.43
.42
.40

.48
.07

DYNAFLECT

05-04-82 48

REMARKS

MP 39

CRACK IN PAVEMENT
END = STA 50+00

STA 50+00 EXIT37WBL
MP 38

END OF JOB INTERCHAN



shape and magnitude of the basin deflections can be further interpeted to
indicate the load-carrying properties of the individual pavement-subgrade
components. It is generally recognized that the deflections nearest the
Dynaflect wheel load, w] and Nz, are a measure of the capacity of the pavement
layers. The extreme end of the basin, deflection Ns, is accepted as an indica-
tor of subgrade load-carrying ability.

The FPS performance equation is developed on the following premise:

"The wheel load stress acting on the pavement, particularly
the tensile stress in the bottom of the asphaltic concrete
layer, is believed to be approximately proportional to the
curvature of the surface produced by the load."

This premise is represented in the performance equation in terms of the SCI
which is the difference of w] - w2. Thus, examining the deflection basins and/
or the printed output from the Stiffness Coefficient Program reveals the impor-
‘tant role assigned to the SCI value.

In the internal workings of the Dynaflect Stiffness Coefficient Program,
the pavement and subgrade stiffness coefficients, AP2 and AS2, are obtained
by assuming values and computing the resulting deflection basin using the
Dynaflect Deflection Equation. The calculated deflections at points w] and
w2 are compared with the measured deflection values at N] and w2 and when they
agree within a given allowable error, it is assumed that the AP2 and AS2 values
for the measured basin have been determined. Frequently, the computed and
measured deflection values in the w5 area do not compare favorably. This con-
dition can be monitored by requesting a computer plot of the measured and cal-
culated deflection for each basin. This feature is available with the Dynaflect
Stiffness Coefficient Program.

If the program is not doing a satisfactory job in calculating AS2 as evi-
denced by the comparison plots, the user may wish to make "hand" adjustments.
The basin-fitting difficulty is due to the program using the two-point fit
(w] and w2) whereas the remainder of the basin is also of vital importance.

A study of deflection basin shapes is done by assuming a simple three-
layer pavement; 5" Asphaltic Concrete, 12" Flexible Base, and Raw Subgrade.
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Table 1, Stiffness Coefficient for Dynaflect Basin Shape Study, outlines a
matrix of assumed coefficients. These coefficients and layer thicknesses
were used in the Dynaflect Equation to compute deflection basins for each
basin shown in Figures 6 through 10. A brief interpretation of the basins
follows.

Figure 6, Basin Study-Variable Subgrade

1. Variation in subgrade coefficient affects vertical
position more so than basin shape.

2. The coefficient ranges of 0.20 to 0.30 is apparently
non-linear as witnessed by the non-centered location
of the basin for coefficient 0.25.

Figure 7, Basin Study-Variable Surfacing

1. The ACP coefficient range of 0.60 - 1.40 represents
the extremes of a statewide study.

2. Extreme changes in surfacing coefficient show up as
a basin change predominately in the load area.

3. Changes in surfacing coefficient have almost no effect
in the w5 area.

Figure 8, Basin Study-Variable Base

1. Changes in base material coefficient produce a change
in the load area.

2. Base material coefficient changes have very little
effect in the N5 area.

Figure 9, Basin Study-Combined Conditions

1. Effects of very poor surfacing and base are cumulative.
2. Changes in base or surfacing coefficients have very
little effect in the N5 area.

Figure 10, Basin Study - Extreme Conditions

1. The high magnitude deflections often noted are the
apparent result of all pavement elements being “bad."
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TABLE 1
STIFFNESS COEFFICIENTS FOR DYNAFLECT BASIN STUDY

Figure Surfacing Base Subgrade Remarks
(5" ACP) (12" Flex.Base)
6  1.00 0.60 0.30 Very good subgrade
1.00 0.60 0.25 Average subgrade
1.00 0.60 0.20 Very poor subgrade
7 1.40 .0.60 0.25 Very good surfacing
1.00 0.60 0.25 Average surfacing
0.60 0.60 0.25 Very poor surfacing
8 1.00 0.80 0.25 Very good base
1.00 0.60 v 0.25 Average base
1.00 0.40 0.25 Very poor base
9 1.00 0.60 0.25 A1l average
0.60 0.60 0.25 Very poor surfacing
1.00 0.40 0.25 Very poor base
0.60 0.40 0.25 Very poor surfacing
and base
10 1.40 0.80 0.30 A1l very good
1.00 0.60 0.25 A11 average
0.60 0.40 0.20 A1l very poor
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GEOPHONE LOCATIONS
Wi W2 W3 Wa Ws

0.0

2.0

DYNAFLECT DEFLECTION , MILS

ol
FIGURE 6

BASIN STUDY - VARIABLE SUBGRADE
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DYNAFLECT DEFLECTION , MILS

GEOPHONE LOCATIONS

Wi W2 W3 Wa Ws
0.0

VERY| 6000 sy gACING
5V T
\lﬁ""‘ (-1
1.0
2.0
3.0
FI6URE 7

BASIN STUDY - VARIABLE SURFACING
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DYNAFLECT DEFLECTION 4, MILS

GEOPHONE LOCATIONS
Wi W2 Ws Ws W5

FIGURE 8

BASIN STUDY - VARIABLE BASE
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DYNAFLECT DEFLECTION, MILS

GEOPHONE LOCATIONS

Wi W2 Ws W& Ws

E
VERAC
Att ‘FA" 0’62
yert <l
] o (f"('\
VE 6"*
1.0 /
o
@*Q»
\¢
2.0 SURF. BAase SUBGR.
1.60 0.60 0.25
0.60 0.60 | 0.25
1.00 0.40 0.25
0.60 0.40 | 0.25
3.0

FIGURE 3
BASIN STUDY - COMBINED CONDITIONS
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DYNAFLECT DEFLECTION, MILS

GEOPHONE LOCATIONS

Wi W2 W3 Wa. Ws
0.0
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AGE
ALL AVER

/ i
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2.0 / o

FIGURE [0
BASIN STUDY- EXTREME CONDITIONS

3.0
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2. The extremely flat and low deflection basin of "all
good" is the apparent result of all three elements
being "good."

3. The "good" and "bad effects indicate that the w]
area is pavement structure and the w5 area is
subgrade.

Figure 11, Pavement Layer Compressions, may give a better indication as
to the "why" for some of the plot shapes in Figures 6 through 10. If it is
assumed that the pavement and subgrade are elastic in nature, then pavement
surface deflection must be a summation of the vertical compressions (displace-
ments) in the various pavement layers. Figure 11 depicts the average pavement
and subgrade coefficient values previously used. A brief examination reveals
that the surfacing and base account for only 6.6 percent of the total deflection.
From Figure 11, it is easy to conclude that "big" deflections are a function of
subgrade condition; bad surfacing and/or base alone cannot produce the "big"
deflections.

Thus far, the Dynaflect deflection data have been obtained, processed
with the Dynaflect Stiffness Coefficient Program, and the program output examined
as well as the meaning of the shape of the delfection basin. To complete the
data analysis, design section selection must be made. Design section selection
divides itself into three tasks.

1. Data variable versus location plots
a. Deflection N] versus stations
b. Subgrade or pavement coefficient (AS2 or AP2)
c. Surface Curvature Index (SCI) versus stations
2. Design section selection
3. Statistical verification of design section selection
(Profile Analysis Program)

Figure 12, Plot of SCI versus Odometer Station, is a simple hand plot
of Surface Curvature Index (SCI) values versus Odometer Station. This data
was taken from Example la through 1d which is the deflection data processed
through the Dynaflect Stiffness Coefficient Program. Recall that the SCI is
a measure of overall pavement structure and subgrade bending stiffness. In
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Layer
Compression
]
5" ACP (1.00) 0.0054
12" BASE (0.60) 0.0261
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SUBGRADE (0.25) 0.4446
TOTAL DEFLECTION 0.4761
(Compression)
Figure 11

Pavement Layer Compressions
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Compression
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flexible pavement design the SCI data with its corresponding standard devia-
tion is the prime input to the FPS-11 Program, Overlay Mode.

An examination of the plot shown in Figure 12 shows considerable "down
the road" variation in the SCI values. The designer can assume that there
is no reason to have subsections and, consequently, the project average of
SCI and its overall standard deviation will control in design. Or, the alter-
nate choice is the selection of subsections which will be tested for statisti-
cal difference. For this example, Figure 12 shows that the designer has
selected four subsections for statistical testing. Example 2a through 2d shows
the complete code sheets for the Profile Analysis Program. All that remains to
be done at this stage is the review of the output from the Profile Analysis
Program as shown in Example 3a through 3d. The first review of the Profile
Analysis output should be a proofreading of the inputs to verify that analyza-
tion has actually been made. The last page of the printout will give the
results. In this instance, the program has verified that all four of the
- selected subsections are statistically different.

Finally, the program has produced for each subsection an average value
of SCI as well as a corresponding value of standard deviation. At this point,
enough data should be available to proceed with an overall design for the sub-
sections. If the four subsections were used to produce asphaltic concrete
overlay designs, the resultant overlay thickness would be examined for practical
differences in thickness which would be the ultimate method of examining the
data.

- 35 -



ExampPLE Za.
TEXAS HIGHWAY DEPARTMENT

FLEXIBLE PAVEMENT-DESIGN SYSTEM
PROFILE ANALYSIS

CARD NO.! — PROJECT IDENTIFICATION
DIST COUNTY CONTROL SECTION JOB HIGHWAY
el8 | | | |[HARIDIROCIK | | 9(3[0|7f [0/8 A; .JIH 110
4[5 6|7[alofiol1i|12]13]14]i8]16|17]18]19 [2d21]2223 24/2% 2627 28]2930§31|32(33
DATE NO. OF SECTIONS
el el e a2
35[36]37|363%/4041]4 4344
CARD NO. 2-LAST REF. POINT AT EACH SECTION
A219] [ leid [o13] (Mo (L L td e Ll Lyl ]
112]3 4|56 LK) wofrifizl [13pa]is i6i7)ig] [19]20l21] [22]23]24] [2s|26le? [2d29[30

BEERENEEREEREE e 1 L ENEREER
silizhs] basba [lehs| [adaiki [iaedes] [weaii agls0[51| [s2[53[54 [s5[s6ls7| [se|soled)

CARD NO. 3- DATA CARDS

REF STATION MEASURED OR CALCULATED AVG

POINT VALUES VALUE
I 9711]1]e 4 0 .22
2 91711125 0.//8
3 97|!|l|e6 0.109:
4 O[7/1[l|eT ol.l/]/
5 971128 0l.1/]5] |
) 9[7]1[l|e]9 o1/ |
7 9|7|112/8|0 0.1/3 ;
8 97|l 120l o.l14
9 9|7|1|2/e|2] O .12
1 0 97123 0L |14
N 97]112|e|4 ol.116 |
12 (97125 ANER

Form 1115-1

1
w
()]

]



ave
VALUL

MEASURED OR CALCULATED
VALUES

CARD NO 3-DATA CARDS

ExampLE Zb.

STATION

REF
POINT

A N N S N O N S S S N S S O S S N N I S NN B N LR N R A N R I
;//.0//!0!)10?/00!/22?/f12222,2i32222f@,_
SN SN ESES SISlololSIol SoloeRISiS S
ST O O < [ T < [N A8 [ [T O[S [ [ 3y [ [ [0 [ [ O < [N W[ @ S N B[O
wel® el e/eieGog e 0g e o000 e eotioeseeeene
N N A Y S S R A S R N N R S R N I R A T B R A A T I NS A AT
S0 T Mo T Hee Tned T i P My i M Tt oS B Aot B et S B B N RN B RN R N SN N NG ey ey ey ey ey ey
o o e A e e e e e N o C D [ e D I D I S N N e e N N I N N RN RN NS
-1 O ROV O ON NN oo [N v N O o o NN ENEN
M45é7390f23456?890/7_345 /L7890/2345/b7
IR IR I AR A B A A AL AN B NI B B K R RS R PRSI PV NS EN Y B Y P B
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ExAMPLE ZcC.

CARD NO. 3- DATA CARDS

MEASURED OR CALCULATED AVG

STATION

REF
POINT

VALUE

VALUES

SN~ [QI O N QNN ™ O N OO N[N[YO D[~ O] V] O\ o[ QO[N]
ol N[N N[ ~[NjN[ N ~[NN N[ | TN TN SN o o TN NN N N~
N NNNN NGNS NNNNNNN NSNS NN NN S SRS RS IES
o[ ~IN[[J[W W[~V [Ql =[] F ] IR O] =[N F N W[~ [ O—[N[n [ <F
n o/ ole|e| 0|00 0 G o000 @000 00(6 e/o/e/0o/coeo/0/0o/c0icoeo/o/e e
AT RN R R R N R R B o e ol el K el o ol i i o S Y Y S N I S R ISR RN ENES
Ml o~ ~ ] —— | —] e~ ——|— e~ —mf— | —] ] ] ] | — | | | | e e | s | | | e | o | e
kL St S O I et B s s st I Sl I I e .l e I s I e B S el el ) B L
- [ oo ool oo |o o O o[ N[ NN o [N DN B o
QN Qf | N oof i ey o N ) O O | N 9] N D [ Q | ooy |\ o N o o I N
44155555L555666ééééééé7777777277888
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ExAMPLE 2d.
CARD NO 3-DATA CARDS

AVG
VALUT.

MEASURED OR CALCULATED

STATION

REF
POINT

VALUES

]

V[~ 0 S~ N O <\ SN QIO N N QI NN <O

S INTNT SNSNSN STNN S SSN N ST NN NS Q™[] ]

B IS Y I A S I A I I A A S A A A S E S LS R RS RS T
Iy
S
R
e .
km
<
MM
Q

SIS T O[O [0 8 [T 0| On] O i o[ 1 0 1| 0| & O O | o ~F [0

v o el e o000/ 00 0060 e 000 e 00/t /e e+ +i+|+

RN D NAN D QNN QQO|S[Q QA Q| Q| Q[ Q| [~ [ [~~~

<IN S =N NN [ T a0 ] 6ol o tata v o[ n[ta [t

S OS] PSS OS] O O BSOS DSBS SR B IR IS N o BN N IS e e ™

-z O o DOV ON O oo\ ooV fON NSRS N[ AN D

X X
00 N 40\l N o oy O~ Nl wf gl N oy oy Q) <] N oy N 1 | N o o
o o 0 o o] o N Q
N 88&993 o 9MMMMMM/MMﬂ
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Example 3a

TEXAS HIGHWAY DEPARTMENT

PROFILE ANALYSIS FOR

IH 102

THIS PROGRAM WAS RUN - 07-26-82

DIST. COUNTY CONT. SECT.
68 HARDROCK 9307 08

REFERENCE
POINTS

OWONOUI & WN =

’; 40 -

JOB  HIGHWAY

STA.

9711.
9711.
9711.
9711.
9711.
9711.
g712.
9712.
9712.
g712.
8712.
9712.
9712.
9712.
§712.
9712.
9713.
9713.
9713.
9713.
9713.
9713.
9713.
9713.
9713.
9713.
9714.
9714.
9714.
9714.
9714.
9714.
9714.
9714.
9714.
9714.
9715.
9715.
§715.
§715.

LR OWVWOONOTUEAEWNHEOWLWONOUEWNDPFRPOWLVOONOTUTEWNEFEROWOO NOYUO

IH 102

DATE
06/16/82

INPUT
DATA

[en i en i en J e Jen J en Jen i en I en i e» N e» J en Jen e N oo N en N oo N en J oo e N en R en Nen N en Nen Nen N on Neo oo NenNen Neo N en el en len Neon N oo N en W oo

.220
.180
.090
.110
.150
.110
.130
.140
.120
.140
.160
.130
.140
.160
.090
.160
.100
.130
.070
.110
.190
.130
.080
.120
.110
.080
.080
.190
.130
.260
.200
.180
.180
.150
.180
.210
.210
.260
.230
.240

NO. OF SECT.
4



DIST.
68

COUNTY
HARDROCK

Example 3b

CONT. SECT.
9307 08

PROFILE ANALYSIS FOR

REFERENCE
POINTS

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

.~ 41 -

JOB HIGHWAY

STA.

9715.
9715.
9715.
9715.
9715.
9715.
9716.
9716.
9716.
9716.
9716.
9716.
9716.
9716.
9716.
9716.
9717.
9717.
9717.
9717.
9717.
9717.
9717.
9717.
9717.
9717.
9718.
9718.
9718.
9718.
9718.
9718.
9718.
9718.
9718.
9718.
9719.
9719.
9719.
9719.

W= OWONOOOMHWOOWONOTMNEE W= OO0 NI WRR WS, S

IH 102

DATE
06/16/82

IH 102

INPUT
DATA

COOOODOODOODO0COOOOOCOOOOOOOOOOCOO0OOCODODOUOUCOOOOOOoOD

.350
.240
.210
.240
.220
. 140
.230
.220
.210
.270
.200
.200
.190
.220
.200
320
.220
-170
.240
.230
.260
.320
.290
.360
.180
.220
.160
.290
.180
.210
.200
.260
.200
.150
.190
.130
.200
.200
.270
.220

NO. OF SECT.
4



DIST. COUNTY
68 HARDROCK

INPUT BREAK PTS. AT

Example 3c

CONT. SECT.
9307 08

PROFILE ANALYSIS FOR

REFERENCE
POINTS

81
82

105
106
107
108
109

JOB HIGHWAY

STA.

9719.
9719.
9719.
9719.
9719.
9719.
9729.
9729.
9729.
9729.
9729.
9730.
9730.
9730.
9730.
9730.
9730.
9730.
9730.
9730.
9730.
9730.
9731.
9731.
9731.
9731.
9731.
9731.
9731.

29 64 103 109

- 42 -
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IH 102

DATE
06/16/82

IH 102

INPUT
DATA

[N NoNelololNololoalololoalajlolaNolololoalalalalololololalolo

.210
.180
.180
.210
.230
.230
.190
.210
.240
.170
.250
.210
.150
.150
.170
.140
.200
.190
.140
.240
.250
.200
.170
.320
.020
.310
.300
.310
.370

NO. OF SECT.
4



DIST. COUNTY
68 HARDROCK

Example 3d

TEXAS HIGHWAY DEPARTMENT

PROFILE ANALYSIS FOR IH 102

THIS PROGRAM WAS RUN - 07-26-82

CONT. SECT.

9307 08

JOB HIGHWAY DATE

IH 102 06/16/82

AVERAGE AND STANDARD DEVIATION FOR DATA DIVIDED
INTO GROUPS OF SIGNIFICANT DIFFERENCE

BREAK POINTS AT
REF. POINTS
LIMITS
OF SECTIONS

1 T0 29
30 TO 64
65 TO 103

104 TO 109

29 64 103 109
AVERAGE

OF
SECTIONS

0.129
0.230
0.199
0.272

.—43"

STANDARD F
DEVIATION CALC.
OF SECTIONS
0.037 78.627
0.051 8.838
0.038 8.837
0.126 0.0

NO. OF SECT.

TABLE
VALUE

3.997
3.984
4.068



Asphaltic Concrete Pavement Overlay Design Procedure

In the previous sections on Data Requirements and Data Analysis, overall
data réquirements for the FPS System were discussed and specific data for the
FPS ACP Overlay design mode were developed. To this point, it has been assumed
that an overlay of the existing pavement was an applicable rehabilitation stra-
tegy. Chapter 9 of the FPS User's Manual discusses the applicability of the
overlay procedure to the pavement in question. \

The overlay procedure, or an overlay, is intended as a strengthening of
the existing pavement. FPS does not consider skid resistance, appearance,
roughness, etc. These items must be addressed by the designer through sepa-
rate means.

With the above qualifying remarks in mind, it is decided that an ACP over-
lay of the existing pavement is the correct rehabilitation technique. Using
the previously developed design sections, which are defined by the average SCI
and standard deviation, the development of an overlay design continues.

To code an FPS overlay design problem, Cards 1 through 9 must be completed.
Detailed instructions for the coding are in the FPS User's Manual. In Example
4a through 4g, handwritten comments have been added to the code sheets to convey
some suggested courses of action as well as answers to frequently asked questions.

The ACP Overlay Design generated as a result of processing the previously
coded overlay design is designated as Example 5a through 5c. Upon receipt of
the "computer printout" it is the designer's responsibility to proofread or
verify that all inputs were entered as intended. Pages 1 and 2 of the FPS-11
design procedures is a literal "print back" or "echo" of the input data. The
input data serves as a review of input correctness and documentation of the
entire design except the output. Page 3 and the subsequent pages are a summary
of the best overlay schemes in order of increasing total cost.

The selection of the best overlay strategy for the project is the final
task for the designer. Since the "Ordering” of design strategies is by total
cost, it may be necessary to select a design other than No. 1. Initial Cost
is usually a decision-maker since the various future costs are "down the road,"
so to speak. In general, the design selection should meet all or most of the

- 44 -



ExamMPLE 43.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PROJECT IDENTIFICATION

1.0 Card type Ol
L1z
* [AlA
1.1 Problem number Jﬁ)cjl{j
- 345,
1.2 District —
(617}

1.3 County HA RDR¢CK ;
8|9 [10]1i[12]13[14]15(16[17]18]19]202!
: NEIPEL
1.4 Control 9j3 Oi7[
22[23j24,25!
l
1.5 Section Osg
2€27
Jol T
1.6 Highway 1H U 02 |
2829[20[31]32[23]34[35]36.27
T |
1.7 Date 06|-/1lel- g2
. 38[39[40[41 [42]a3/a4/a5:
1.8 1IPE 1
46/4748/4¢

* A new problem number shovld be
vsed when 1he problem (design) /s #o
be re-run and one eor more /npuls
are besng changed.

- 45 -
Form 1114-1



#

ExAMPLE 4 b. Note ¢ The w/rere/wéaf_"

ana/ who Cémmen. "
TEXAS HIGHWAY DEPARTMENT

FLEXIBLE PAVEMENT DESIGN SYSTEM e yery (mpor .f""‘
FPS - 11 for future revieu.
2nd review b g
PROJECT COMMENTS o) ters.

Card Type - .
ol2] [LIxM1[v]s] T2[ [FIRlelM IzIn[T[e[r]slelc|Ti|glnl |@F] [ulS| [slolo| WE!
Vle 314|5]6]|7(|8|910N1]12]12]|14/[15(16]17[18]19[20]21 22232425262728[29130& 32)33(3435|3637(38(39(40)4 | ,

slr| | Ulgwels],| 184als|T I
42|143144/45(46|47148|4 51 |52|53(54155(56]57(58 |59[(60[61 62|63[64165|66167.68|69(70|71|72|73]74{75(76|77(78|79|80 ¢
2 Tio| [LAz]r] clpluiwviT] |c|zE|(Isian]ply] RiZVIE'
il2 314151617 (819(10]1t |2[I3 14115|16]17 (18 (19 |20j21(22]23{24(25|26]27|28{29/30(31(32|33|34|35/36(37|38|39/40 (4! !
. E—
R)!| [EAls[T] #F TlONEIS |
42/43|aalasia647168a950]51 |52/53/54/5556(57]58 (59606 16216 3/64165/66/67168|63|70(71 |72/ 73|74 78| 76[7 7 78| 79]8 0,
ol2| WlclP| |avIERLIAlY] |DES I IM [FlgR| mEsiTiBlgluinD] [LIAWE],] L
112 3|4(5|6(7|8]|9|[lO]1} |2‘I3 14(15]16{17 I8[|9 20|21|22123|124 252612 7(2829|30(31 (32 3334353657383940405
) Ii
]’ T

D@MEeTIER IsiTlalTirign | 19171111, 140, (710 1971 4. |25 I
2l43]a4las|46]a7148la9(50(51[52(53 5455|565 7|58/59[60[6 | (62|63 6465|6616 7|68]69(7C!71 [72[73| 747576 |77 78[79]80).
2| |ExUsiTIIWE| [sleiciTiLioini 2] [1].[5/0["| HMAlc! [Tlv| [D,] |2].5]
|2 3lq(5|6|7|8]|9tolitiz]i13]i14|I15]16[17]18]19)20|21|22|23(24(25|26|27(28(2H30(3 | 3233‘34,35363738394 FYRR
- !
o H Yl Cl,| |0l.|60]"| |2/c|R| |SURIF| |TIR, '
42143|44/14546]|47148 5015 1152(|53|54|5556|5 7|58 (59(60(61 |62|6364(65|66(67|68(63|70|71|72|7 3|74|75/76(77|78 798&'

ol2| [1]o].[olo]"] IFlB| [cIr] IU1mME|sITI®INIE],| l6]. l0lol”| [Fic| Islaivo
i[2| [3[a]5]6]7 8|9 iojt1[i2[i3]a]is]i6]i7[i8 [19 oz 1[22[2 324 [25]z6l2 7]e8l2o(30]3 1 [32[33[34[35]3637[38[39]a0[a 1|
i J,

G R L

2|43144(45146(47|48|49150151 |52|53154155|56(57 (58159 606! 6263§465666 ©68|69|70|71 |72|7N74| 75| M| 77|78|79(80

|2 3la|5(6|7]|68]9(10[11]12]|13]14]{15]i16[17]|18|19|20|21]22|23|24|25|26/127|28|2930(31[32]{33|34|3536|3738|39(4044 |

|
S

14214 3144145|46]|47|48149150151 |5 5351555657585960&6 63(64{65(66|67(68|63|70|71(72|72|74| 7576 7980_
02 [ IslulBMIITITIElD] [BlY:] Bl
112 314 (51€ (7|8 |9 [10O[11[12|13[14]15]16]17[18]|19]20/2]1|22|23(24]|25(26(27]28|29|30|31(32|33(34(|35(36(37 39/(40/41 |,
_J

Bl IMIkUILIIIN |, [D-[8[PID] [,] TEX]-[AIN 18]2[3[-l8l/lol/
42143 45 47148(49(50(5 1 52 |53/54/55(56|57 |58(59 6’06I 62/63)64 16566 67168/69/70|71 721737 75|76(77(78179/80/"

Form 1114-2
- 46 -



3.0
3.1
3.2
3.3
3.4
| 3.5

3.6

4.0
4.1
4.2
4.3
4.4

4.5

Form 1114-3

ExampLE 4c.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPs - 11

BASIC DESIGN CRITERIA

Card type 03
2]
q
Length of analysis period (years) ZO.
4]5]
1
Minimum time to first overlay (years) - - * 5
g (0]
Minimum time between overlay (years) 61
14]15]
. T
Minimum serviceability index * 0
19]20121]
Design confidence level E
3!
\
Interest rate (%) 1|0
25(26(27

PROGRAM CONTROLS AND CONSTRAINTS
Card type 0l4
HE
Y
Problem type: 1 = new pavt. const., 2 = ACP overlay il'
4
Number of summary output pages (8 designs/page) ]—g!
Le]
Max. funds available per S.Y. for initial const. ($) * X l|8/e0l0
s 118910011
Maximum total thickness of initial construction (inches) * hd }
' 13)14{15, 16
Maximum total thickness of all overlays (inches) {6l _i
18[19|20:21]

* No# requ;’reé' in ACP Ow.-r/;y Mode

¥ Column 7 rs ‘achive’ a/llewing & maximum

Valve of 99,99 +#o be mput. This mmput con 3/so
be wused fo contrs] maximum over/lay thickness.
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5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7

5.8

6.0
6.1
6.2
6.3
6.4

6.5

Form 1114-4

ExaMPLE 4d.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM

FPS - 11 #Uofe/ Fraffrc data
mus? be for s
TRAFFIC DATA 20qear projection.
card type (')52
*
ADT at the beginning of the analysis period (veh./day) 411[0/0]e
8/6|7]8)9 1011
%
ADT at the end of 20 years (veh./day) 1|1]300]e
IS/16(17]18]19(2Q2!
*
One-drctn, cumulative 18 KSA at the end of 20 years 2 l 89 00j0|«
23(24]25(26|27128|29{30131
60
Avg. approach speed to the overlay zone (mph) s
Avg. speed through overlay zone (overlay direction) (mph) 310
39|40
Avg. speed through overlay zone (non-overlay direction) (mph) 4505
aja
Percent of ADT arriving ea, hr. of construction 6|0
49/50|814
Percent trucks in ADT 9
54/55
ENVIRONMENT AND SUBGRADE
Card type (3
]2
District temperature constant 23
4|5
Swelling probability Ole|010
9 10]11]i12
Potential vertical rise (inches) Ol |0
13/14i81]16
Swelling rate constant 0/e|0/0
. ) 19]202122
Mot reguired /»
ACP O £ e °

Subgrade stiffness coefficient

242526 (27

- 48 -




7.0

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

Form 111‘0' 5

ExampLE 4e.
TEXAS HIGHWAY DEPARTMENT

FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

CONSTRUCTION AND MAINTENANCE DATA

Card type 0|7
. . b2
Aot reguired 11

Initial serviceability index Ac’P aw"/f_‘-/ Mode hd
als5/6
Serviceability index after overlaying 4le5
9 [10] 11
Minimum overlay thickness (inches) ‘ . 5
14{15 | 16
Overlay construction time (hrs/day) 1|0
19 (20
Asph. conc. compacted density (tons/C.Y.) ||e 90‘
24[25]26]27]
Asph. conc. production rate (tons/hr) ZO o
28(29/3C
Width of each lane (feet) 112
. 34|35
First year cost of routine maintenance 5|0/* 100
(dollars/lane - mile) 3839|4041 42|43
Annual incremental increase in maintenance cost 3/0/* 00
(dollars/lane - mile) 444546 47/48/49

- 49 -



8.0

8.1

8.2

8.3

8.4

8.5

8.6

8.7

Form 1114-6

ExampPLE 4.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

DETOUR DESIGN FOR OVERLAYS

@)

Card type

NINE

Detour model used during overlaying

Total number of lanes of the facility

-

Number of lanes open in the overlay direction

Number of lanes open in the non-overlay direction

Distance traffic is slowed (overlay direction) (miles)

Ola[N][e[=][~]&

Distance traffic is slowed (non-overlay direction) (miles)

@
a

Detour distance around the overlay zone (miles)

¥ Used with Detour Mode] 5 only.

- 50 -
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m 1114-7

9.0

9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

ExAmMPLE 4g.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

EXISTING PAVEMENT AND PROPOSED ACP

Card type

0|9

e

SCI of the existing pavement 0. ({29
314(5|6|7

The standard deviation of SCI O/®0(3]7
g|9l0]1]i2

The composite thickness of the existing pavement (inches) 20 Ml
i3[18(15(16

In-place cost/comp. - C.Y. of proposed ACP ($§) BWJ * 00
1819120|2/|22

Proposed ACP's salvage value as % of original cost 40
23|24{25 26

In-place value of existing pavement/comp. - C.Y. ($) Oe Olo
29(30(31{32[32

0!

Existing pavement's salvage value as 7 of present value |
34[35[36/37]

J

Level-up required for the first overlay (inches) Ol*0
41ja2(a2
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Example 5a

TEXAS HIGHWAY DEPARTMENT
FPS «+ 11}
ACP OVERLAY DESIGN

PROB NIsT, COUNTY CONT, SECT, HIGHWAY DATE IPE PAGE

001 68 HARDROCK 9307 08 IW 102 0beibe82 1

P e P R e e E e T R e R R g
COMMENTS ABOUT THIS PROBLEM

LIMITS ¢ PROM INTERSECTION OF US S99 WEST OF JONES, EASY

70 LAZY COUNTY LINECSANDY RIVER) EAST OF JONES
ACP OVERLAY DESIGN POR WESTBOUND LANE, ODOMETER STATION 971,40 TO 0714,2%
EXISTING SECTION ¢ 1,50" HVAC TY D, 2,50" WMAC TY C, 0,60" 2CR SURF TR,
10,00° FB CR LIMESTONE, 6,00 PC SANDY GRAVEL

SUBMITTED B8Ys BOS MIKULIN , De8PD , TEX=AN 8238101
I L L s R R e e ey

BASIC DESIGN CRITERIA
RRRRRRARRRNR AR AR RN RAR

LENGTH OF THE ANALYS]S PERIOD (YEARS) 20,0
MINIMUM TIME BETWEEN OVERLAYS (YEARS) 6,0
MINIMUM SERVICEABILITY INDEX P2 3,0
DESIGN CONFIDENCE LEVEL 0

INTEREST RATE OR TIME VALUE OF MONEY (PERCENT) 7,0

PROGRAM CONTROLS AND CONSTRAINTS
L T e R Lt Iy

NUMBER OF SUMMARY QUTPUT PAGES DESIRED ( 8 DESIGNS/PAGE) 3
MAX PUNDS AVAILABLE PER 8Q,YD, FOR FIRST OVERLAY (NOLLARS) 18,00
ACCUMULATED MAX DEPTH OF ALL OVERLAYS (INCHES) (EXCLUDING LEVELe=UP) 16,0

TRAFFIC DATA

ARAANARRARNNN
ADT AT BEGINNING OF ANALYSIS PERIOD (VEMICLES/DAY) 4100,
ADT AT END OF TWENTY YEARS (VEMICLES/DAY) 17300,
ONE=DIRECTION 20,=YEAR ACCUMULATED NO, OF EQUIVALENT 18-kSA 21896000,
AVERAGE APPROACH 8PEED TO THE OVERLAY ZONE(MPH) 60,0
AVERAGE SPEED THROUGH OVERLAY ZONE (OVERLAY DIRECTION) (MPH) 30,0

* AVERAGE SPEED THROUGH DVERLAY ZONE (NONeOVERLAY DIRECTION) (MPH) %$0,0

. PROPORTION OF ADT ARRIVING EACH HOUR OF CONSTRUCTINN (PERCENT) 6,0
PERCENT TRUCKS IN ADT 9,0

ENVIRONMENT AND SUBGRADE
T I T T e Y L]

DISTRICT TEMPERATURE CONSTANY 2
SWELLING PROBABILITY )

POTENTIAL VERTICAL RISE (INCHES)

SWELLING RATE CONSTANT

OO
o000
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Example 5b

TEXAS HIGHWAY DEPARTMENT
FPS « {1
ACP OVERLAY DESIGN

PRDS D187, COUNTY CONT, SECT, WIGHWAY DATE 1PE
001 68 HARDRDCK 9%07 08 In t02 ObmibeB?

INPUT DATA CONTINUED

CONSTRUCTION AND MAINTENANCE DATA
AR AR R RN AR AR AR AR R RN RN RN A RRN

SERVICEABILITY INDEX P3 APYER AN DVERLAY

MINIMUM OVERLAY THICKNESS (INCMES)

OVERLAY CONSTRUCTION TIME (HOURS/DAY)

ASPHALTIC CONCRETE COMPACTED DENSITY (TONS/C,Y,)

ASPHALTIC CONCRETE PRODUCTION RATE (7o~s/uoun>

WIDTM OF EACH LANE (FEET)

FIRST YEAR COST OF ROUTINE MAINTENANCE (DOLLARS/LANE=MILE)

ANNUAL INCREMENTAL INCREASE IN MAINTENANCE COST (DOLLARS/LANFeMILE)

DETDUR DESIGN POR OVERLAYS
RARA R RN R R R RN RARRRRRR

TRAPFIC MODEL USED DURING OVERLAYING

TOTAL NUMBER QF LANES OF TWE FACILITY

NUMBER OF OPEN LANES IN RESTRICTED IONE (OVERLAY DIRECTION)
NUMBER OF OPEN LANES IN RESTRICTED ZONE (NONeOVERLAY DIRECTION)
DISTANCE TRAFFIT IS SLOWED (QOVERLAY DIRECTION) (MILES)

DISTANCE TRAFFIC 1S SLOWED (NONeOVERLAY DIRECTION) (MILES)
DETOUR DISTANCE AROUND THE OVERLAY ZDNE (MILES)

EXISTING PAVEMENT AND PROPDSED ACP
ARARRRR AR R R RN RRAR RN RAARRRRARARS

YHE AVERAGE SCI OF THE EXISTING PAVEMENY

YHE STANDARD DEVIATION OF sCIX

THE COMPOSITE THMICKNESS DOF THE EXISTING PAVEMENT (INCHES)

THE INePLACE COST/COMPACTED C,Y. OF PROPOSED ACP (DNDLLARS)

SALVAGE VALUE OF PROPOSED ACP AT END OF ANALYSIS PERIOD (PERCENT)
INePLACE VALUE OF EXISTING PAVEMENT (DOLLARS/C,Y,)

SALYAGE VALUE OF EXISTING PAVY, AT END OF ANALYSIS PERIOD (PERCENT)
LEVELUP REQUIRED FOR THE FIRST OVERLAY (INCHES)

PAGE
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Example 5c¢

TEXAS HIGHWAY DEPARTMENT
FPS « 11
ACP QVERLAY DESIGN

PROB o1sY, COUNTY CONT, SECT, HIGHWAY DAYTE IPE
001 68 HARDROCK 9307 o8 IH 102 Obeibeh?
AVERAGE SC! s 0,129 CONFIDENCE LEVEL = O

SUMMARY OF THE BEST OVERLAY SCHEMES
IN ORDER OF INCREASING TOTAL COSY

1 2 3 u 5 3
ARARRAANR AR RA R AR ARANANANARA R R ARA R R RN ARARRAAANARANARAAR R AN RN RN AR
INITIAL DVERLAY
CONSTRUCTION COST 10,00 10,00 7,78 12,22 7,78 14,44
USER cOST 0,03 0,03 0,02 0,08 0,02 0,04
FUTURE OVERLAY(S) ,
CONSTRUCTION COST 3,17 3,38 §,76 1,41 6,92 0,0

USER COSTY 0,03 0,03 0,04 0,02 0,04 0,0
ROUTINE MAINT, COST 0,28 0.27 0,21 0,37 0,27 0,43
SALVAGE VALUE °1,61 1,72 1,72 1,61 ef,84 ef,09

AR AR R R AR AN R R AR AR AN RN AR R R R AR AR RN AR AR R AR R R R R R AN AR R A N AN
R R R AN RN R AR AR R RN NN AN AR RN R RN R AR AN AR R AR RN A AR RN R AN NN
TOTAL COSY 11,89 11,95 12,10 12,44 13,19 13,43
R AR AR AR R AR AR AR AR R AR RN AR AR AR A RN RN R RN AR NN AR RN RN R RN R AR od
R AR AR AR R R R AR AN AN RN AR AR RN R RN RN AR RN R N R AR A RN RN RN Ad
ND,OF PERF ,PERIODS 2 3 3 2 2 1
R e e e P TR R R R R R R R R L

PERF, TIME (YEARS)

T(1) 11, 11, T 17, 7. 24,
T(2) 23, 19, s, ehn, 26,
T(3) 27, 23,

22 3 A R R R R R X R X N R R R X R XXX RRXZZRRRZEZAXNESZ22 2 42 2
18T LEVEL=UP(INCHES) 0,0 0,0 0,0 0,0 0,0 0,0
FUTURE LEVEL=UP(S) 0,5 0,5 0,5 0.8 0,5 0,%
1 323 X2 X 2322 X R R RRRRRRRRSRXRZRZRZX22 X223 22200022222 ] ] |
OVERLAY POLICY(INCH)
CINCLUDING LEVELeUP)
0¢1) q,
0¢2) 3,
oc(s)
RRRAARNNANNANNANRAAANNNRNRANARRNANND
SWELLING CLAY LOSS
(SERVICEABILITY)
sc(1) 0,0
sc(2) 0,0
8$C(3)

(2233322222222 222 )] ]

5.5 3.5 6,5

5 S
] 0 2,0 5.0
0
.

RARRARRARRARNA RN TR RN AN AR

» OO0

THE TOTAL NUMBER OF FEASIBLE OVERLAY SCHEMES CONSIDERED WAS
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following criteria:

1. It should be within present fiscal constraint.
2. The design has the potential to correct the existing
deficiency and to serve satisfactorily for the indicated

performance period.

3. It complies with the "FPS Limitations" on stresses in
semi-rigid pavement layers (to be discussed in another
portion of this report).

The final task of the designer is the documentation of the reasons for

a particd]ar design selection.
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"New" Pavement Design Procedures

“"New" Pavement Design Procedure as used in FPS terminology refers to the
use of the "new" pavement mode. The new pavement may be a "new" or initial
pavement structure; it may be the widening phase of an existing structure, or
it may be the total or partial rehabilitation of an existing structure.

Regardless of the mode used, FPS is a three-part process: (1) obtaining
inputs for the FPS program, (2) computing with the FPS program, and (3) select-
ing the best pavement design strategy. In previous discussion, the desirable
and required data for FPS and the analysis of this data have been reviewed.

The illustration of the "new" pavement design procedure will be in terms of
hypothetical or assumed design inputs.

The "new" procedure is similar to the overlay procedure in some respects.
Assuming that all input data have been gathered, properly analyzed, etc., the
new pavement design procedure generally follows the outline below:

1. Code input data Items 1 through 8 and Item 10
2. Process design (Program FPS-11)

3. Review output

4. Select best design strategy.

The coding of input data is shown on Example 6a through 6k. Notes included
on the code sheets explain certain areas of input which are often either trouble-
some areas or they are often overlooked. As the coding for this assumed problem
is reviewed, it should be kept in mind that this is a preliminary design. At
this point, the objective is to establish a pavement design and its initial con-
struction cost per square yard which will be the basis for estimating pavement
costs for the pending program. It should also be pointed out how important the
unit materials costs will become to the eventual successful design and construc-
tion of this project.

On the assumption of a design example where a fixed sum of money per square
yard was available, the coding for this problem would be considerably different.
An overall thickness constraint would also affect the coding.

Steps 2 and 3 involve the design processed by the FPS-11 Program. The
program output for Problem M-3 is designated as Example 7a through 7h. Pages
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3, 4, and 5 were not included because of their redundancy.

First, it is desirable to review Example Sheets 7a and 7B (pages 1 and
2). These pages are an echo print of the input and should be reviewed to
determine that the design has been processed according to intent. The second
point of interest is Example Sheet 7e (page 7) which prints out the optimal
five-layer design. At the bottom of this page is the statement "...at the
optimal solution, the following boundary restrictions are active...". Layers
1 and 5 were restricted but this is as expected since these values were fixed
for a given thickness. Since there are no boundary restriction messages with
respect to layers 2, 3 or 4 (Materials B, C and D), the cost-thickness-strength

optimization desired actually occurred.

The next step should be the selection of a design strategy and the summary
shown on Example 7f through 7h (pages 8-10) can assist in this selection. It
appears that a number of choices would be available but the initial costs and
total costs have such a small range that selection is largely a matter of personal
choice. Strategies 7 and 8 are good examples of the personal choice nature of
this design.

When the selection of a final design has been completed it only remains
for the designer to document the reasons for making the selection.
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Form 1114-1

ExXAMPLE 6a.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PROJECT IDENTIFICATION

Card type Ol
I |2
* -2
Problem number | 3
HEE
District 28
67|
— T :

County EE //ﬁé L¢14"
10141 ]12]13/14]15(16[17]18/19/2Q2!
Tl
Control ' 4-:0,‘3
22(23[24/25]

I,

Section O|9
26l27

Highway PL| \101] |
28{29/30131:32[33]34[35[36,37,
—
Date 07-1/9-82
38/39/40/41 [42/43,44/45.
\ : ,
IPE 9100
46/a7148/a¢

¥ A new probl/em number shovld be vsed when the
problem (design) 1s fo be re-run e, o one or

more 17pJrts are being changed.
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ExaMPLE 6 b.

Alote.
The where, wbafana’
TEXAS HIGHWAY DEPARTMENT Who commen ts are
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

Ver; /mporfanf 177
fu ure review and

vse by oFhers.
PROJECT COMMENTS re w oy fhers

Card Type
3
ol2] [L[zM1lTls] T2l TelrldIM TsiuiNIplewin] TRI@lAID,| ISleliTi/ [7l.16] M.
il 314|5i6(7]/8|9HOII|12]13[14[i5]16(17]/t8(1S 02I]222324 5126 726{9303! 32(33{3435|36137/38(39 4041!
/£ |
42|43144(45/46/47148|49150151 [52(53(54{55(56/57|58(59|60|61 26364{6566 7168|69|70\71172173|7475(76 7 78[’9@9}
‘ H {
o2 TP ClounTRlY! lci RiZA BN
1[2] [3[a]s]e[7]8[s]iolit)i2[i3[i4[15]16]17]18]i5 [20]21]22]23]24[25|26/27[28]23]3C 2 1132]33]34]35[3637[38]39/40[4" |
2/43|444514614714814A50(5] (52/53(54|5556(57(58(59|6 016 11626 3/64/65/66/67168/69170!71 |72.73|74 7&7677\?8[79 C,

L

415|678 [9[10[11]12,1314]15[16{17(1819 [20]21|22/23|242526/27|2 2930]3I 32]33(34/35/3637|38,29140:4

1

4344145/46|47148149[50|5 | |52|535455/56|57(58(59|60|6 i |62]6 3164656616 7|68/6S (70,71 [72173174|75{76|77,78 | 75:80/

12] [Zlal5le 78] lioii i2]r3[14]15 1617118 |15]20|21 (22123124 [25]26]2 7|28 29301 31 323334 [35[36/57]3635 |4 041 |

b
4243144(4546/47148149/5015 1 |52(53/54/55/56|57|58159|60\6 | |62]|6364|65/66|67|68/69,70,71|7 73‘747576177178179(8@

o2 |
{2 3(4(5(6|7(8|9(10[Hi[12]13[14]15(16]|17(I18[I9RO[21122|23124 |25]26{27|28[2930]|31(32(33|34/(3 36373@39ﬂ©[4|
|

214 3{44)45 47484% 51 5253545556575859 IGZGSp 65/66]67|68|69(70171|72(7X74|75| T6|77I78 79‘80

1]2 3ja|5(6]7[8[9[10/11[12]13]14{i15]16[17]|18]19]20/21]22|23|24)|25/26127|28[2930/3! |32/33|34]3536(37/38 39 40{4ﬂ

k|
I

77178/79/80

42143144 /45/46(4714814950151 |52]53454/55(56|57|58(59]60(6 | [6263[64]65/66]67|68/69/70171(72|72[74

112 314 15(6(7]8]9[1O]11(12]13]14{15]16|17]|18(19]20/2! |22|23/24|25|26(27128,29|30{31|32|32|34,25(36[37[38(28 |40|4!

4 14950151 52(53|54[55/56/57 5852 [60(6 | 162/63 |64 165(66{6 T168/63!70(71|72/7 3| 7475[76/77|78 [79180
srm 1114-2 - 59 -
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3
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3.0

3.1

3.2

3.3

3.4

3.5

3.6

4,0

4.1

4.2

4.3

4.4

4.5

* (olumn 7 is "chIVe'/"a//M;ng G maximum valve of 99.99

ExAMPLE 6cC.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

BASIC DESIGN CRITERIA

Card type

Design confidence level

Interest rate (%)

Card type

0]3
1|2
Length of analysis period (years) 20]
415

Minimum time to first overlay (years) l
910
. 8|
Minimum time between overlay (years) ﬁ
14(18
Minimum serviceability index 30
i9/20/21
D]
B3|
9«0
25[26[27

PROGRAM CONTROLS AND CONSTRAINTS

0l4
112
]

Problem type: 1 = new pavt. const., 2 = ACP overlay |
L]
Numb E?
er of summary output pages (8 designs/page) ,
6]

Max., funds available per S.Y. for initial const. (§) 44.+10
iryjejslofn
!
Maximum total thickness of initial construction (inches) Ml 0}
13]i4[i5]16]
Maximum total thickness of all overlays (inches) 8 hd Oj,
18[19(20[21]

#*o le /'n/ouf. For /vrc//nn'nory design rompu/c Fhss valee on Ve

Cast of ‘maximum /dyer Fhichnesces.

w¥ Use Sum of maximyrns /oy er Fhicknesses 1€

‘orm 1114-3

an unresfricted design +1s desired.
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ExampPLE G&d.
TEXAS HIGHWAY DEPARTMENT *Note - Traffic dota

FLEXIBLE PAVEMENT DESIGN SYSTEM /myst be for &

FPS - 11 20 * )
egr projection.
TRAFFIC DATA y P ‘/
5.0 Card type 0|5
i]2
f
5.1 ADT at the beginning of the analysis period (veh./day) * |[6|8|0|0 e
sle|7]8/9i0fil
5.2 ADT at the end of 20 years (veh./day) * 4'3 200le
i8[ie]i7}ielis|2d2!
5.3 One-drctn, cumulative 18 KSA at the end of 20 years * _|116]4/0/0]00|0
23|24|25|26|27128(29/3Q 3 1.
|
5.4 Avg. approach speed to the overlay zone (mph)
413
5.5 Avg. speed through overlay zone (overlay direction) (mph) 25
39140
5.6 Avg. speed through overlay zone (non-overlay direction) (mph) 455
44la
5.7 Percent of ADT arriving ea., hr. of construction p; .
49(5C:8%
5.8 Percent trucks in ADT /.7
54155
ENVIRONMENT AND SUBGRADE
6.0 Card type 06
i |2
6.1 District temperature constant 2 6!
4 |5
6.2 Swelling probability 0|80
9 0|12
6.3 Potential vertical rise (inches) 5«10
13]14(i8]16
6.4 Swelling rate constant 0 /01
18]20421 22
6.5 Subgrade stiffness coefficient Ole |22
4252627

-6 -
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7.0

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

Form 11 14-5

ExAMPLE G e.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

CONSTRUCTION AND MAINTENANCE DATA

Card type

(dollars/lane - mile)

o7
1|2
Initial serviceability index 4-. 4-
4 (516
Serviceability index after overlaying 4 e 2
9101
Minimum overlay thickness (inches) , e
14(15|16
Overlay construction time (hrs/day)
19120
Asph. conc. compacted density (tons/C.Y.) [|® 80
24(25(26(27
Asph. conc. production rate (tons/hr) 1150
28(29|30
Width of each lane (feet) 1|2
34135
First year cost of routine maintenance 300 * |00
38(39(40141 (42|43 |
Annual incremental increase in maintenance cost | 2-5 00|
44/a5]46 47]48[a9

(dollars/lane - mile)
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8.0

8.1

8.2

8.3

8.4

8.5

8.6

8.7

am 1114-6

ExampLe G F.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPs - 11

DETOUR DESIGN FOR OVERLAYS

Card type

Detour model used during overlaying

Total number of lanes of the facility

N (2 [W][»[@

w

[e,]

Number of lanes open in the overlay direction

Number of lanes open in the non-overlay direction

Distance traffic is slowed (overlay direction) (miles)

5[] [=]tv]

[0 |

Distance traffic is slowed (non-overlay direction) (miles)

Detour distance around the overlay zone (miles)

3

o |

O
L |

)

* Ke qu//"ea/ for Detour Mode/ 5 an(y.
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ExampPLE &3.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PAVING MATERIAL INFORMATION

10.0 Card type

10.1 Llayer designation number

10.2 Letter code of material

oo=0E

10.3 Name of material D

12|13[14[15(16]17(18] 19| 2021 |22 23{24(25|26|27|28B|29

°
o
Qo

10,4 In-place cost/comp. - C.Y. ($) * 8

3 33(34|35

10,5 Stiffness coefficient

gl—|18]—]|8]O]|[£]O] [
°
O
SO

41|42
10,6 Min, allowable thickness of initial const., (inches) *% ® 50
q7 49|50|51
10,7 Max, allowable thickness of initial const. (inches) *X b 50
85 57|58 (%9

10.8 Material's salvage value as 7 of original cost 3
62(63|64(65
10.9 Check* [
80

¥ This eost (s carried forward for future overlays.

%% This sets or fires the layer depth. Minimum depth of

matermals A B&C of +his problem will equal 8"
and compl with the minimum +thickness
recommendation for sem(-rigid {ayers.

Form 1114-8 - 64 -




ExampLE 6 h.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PAVING MATERIAL INFORMATION

10.0 Card type

10.1 Layer designation number

10.2 Letter code of material

BIONIEE

10.3 Name of material QP T C
12]13)14(15]16|17[18[ 19] 20| 21 [22 23 2425/ 26| 27|28 | 29
10.4 1In-place cost/comp. - C.Y. ($) 7/0/¢ 00
31 (32({33]34]35
10.5 sStiffness coefficient Ol 9|6
40141142(4a3
10.6 Min, allowable thickness of initial const. (inches) * 2*50
47(48(49|50(5!
10.7 Max, allowable thickness of initial const, (inches) * ¥ 6 *\00
. 55(56(57 (5859
10.8 Material's salvage value as 7% of original cost 3|0
62(63[64(65
10,9 Check* rr
8]

# Minimum depths of materials A, B EC of this problem
will equal 8" and eomply with the minimum
thickness recemmendation for semi-rigid layers.

*% Opening this range <llows meterials B&C 4o
O‘PlLl'mi‘t)e in @ cost- thickness- strength relationship.

srm 1114-8 - 65 -



ExameLe Gi.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PAVING MATERIAL INFORMATION

10,0 Card type 11O
112
10.1 Layer designation number Ei
q
10,2 Letter code of material c
8

10.3 Name of material ASPH LIT SITIAIB BASE
12113[14115]16|17[18]19]20] 21|22 23(24|25|26|27(28|29
10.4 In-place cost/comp. - C.Y. ($) 6500
31132(33|34[35
10.5 Stiffness coefficient 0|*8/5
ai|a2]a3
10,6 Min. allowable thickness of initial const. (inches) * ¢ 00
47)48|49(50/|5!
10,7 Max. allowable thickness of initial const. (inches) ** |1|0/*|D0
55(56(57|58 (59
10.8 Material's salvage value as % of original cost 4‘@1
62(63|64(65
10.9 Check¥* ]
80]

# Minimum depths of materials A,B,&4C of this preblem
will equal 8" and comply with the minimum
thickness recommendation for semi-rigid layers,

¥* Opening the range for this material allows
materials A B &4C +o optimine in a
cost — thickness -strength relationship.
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10.0

10.1

10,2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

‘orm 1114-8

ExampLE €.
TEXAS HIGHWAY DEPARTMENT

FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PAVING MATERIAL INFORMATION

Card type 110
12
Layer designation number E
4
Letter code of material @
8

Name of material FL EXIBLE BASE
12]13[14]15]16]17]18(19]20121 )22 23 24|25|26(|27|28)29
In-place cost/comp. - C.Y. ($) 2 [lo 0 0
31(32]33]34(35
Stiffness coefficient O/*|5/5
441]42(43
Min. allowable thickness of initial const. (inches) 6 «00
47(48/49| 50|51
Max. allowable thickness of initial const. (inches) ' 2. OOJ
5556|5758 (5¢< "
Material's salvage value as 7 of original cost 15
62(63|64|65
Check* '—T
®
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10.0

10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

ExAMPLE b6k.

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PAVING MATERIAL INFORMATION

Card type 1o
|2
Layer designation number 5
4
Letter code of material [_]lE
8
Name of material LIIWME| [TIRIT S|UBIGIRIAIDIE
12]13|14]15] 16 [17[18[19]20( 21122 23124|25|26|27|28(29
In-place cost/comp. - C.Y. (§) |144e|0]0
31132(33]|34|35

Stiffness coefficient O o 3
4041 42|43

Min. allowable thickness of initial const. (inches) * 8l* 10
47| 48(49|50(5!

Max. allowable thickness of initial const. (inches) * 8 . o
55(56|57 (58|59
Material's salvage value as 7 of original cost ‘ O 0
62|63| 64|65
Check* ¥ ¥ E‘l
80

¥ Fixed at a3 pre-selected value.

x¥% Last materials cacd must be coded

Form 1114-8

"-ulero‘ in column 80.
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Example 7a

TEXAS HIGHWAY DEPARTMENTY
FPS o {1
FLEXIBLE PAVEMENT DESIGN

PROB  DIST, COUNTY CONT, SECT, HIGHWAY DATE IPE PAGE
Me3 28 SLEEPY wOLLOW 1403 09 sPL 01 07e19e82 9002 |
I 22222 2222222222222 2202 S R SR R RS X R SRR RSS2SR R SRR AR

COMMENTS ARDUT TH1S PROBLEM

LIMITS ¢ FROM SUNDOWN ROAD, SDUTH 7,6 MILES
TO 1 COUNTRY CLUB RNAD
PRELIMINARY DESIGN FOR THE 1982 4X PROGRAM,
SUBMITYTED BY 1 JOWN J, DOF

(22222222223 2SRRI RSS2SR 22222 2022222 AR R R R Rl R 2l Rt Al

BASIC DESIGN CRITERIA
tttgttttlittttt!iittt

LENGTH OF THE ANALYSIS PERTION (YEARS) 20,0
MINIMUKM TIME YO FIRST OVFRLAY (YEARS) 10,0
MINIMUM TIME BETWEEN OVERLAYS (YEARS) 8,0
MINIMUM SERVICEARILITY INDEX P2 3.0
DESIGN CONFIDENCE LEVEL n
INTEREST RATE OR TIME VALUF OF MDNEY (PERCENT) 9,0

PROGRAM CONTROLS-AND CONSTRAINTS

1 23 R X R E X R E 2 R RS XRR2AEkX2X%)
NUMBER OF SUMMARY DUTPUT PAGES NDESTRED ( 8 DESIGNS/PAGE) 3
MAX FUNDS AVAILABLE PER 8SQ_ YD, FOR INITIAL DESIGN (DOLLARS) 44,00
MAXIMUM ALLOWED THICKNESS NF INITIAL CONSTRUCTION (INCHES) 38,0
ACCUMULATED MAX DEPTH NF ALL OVERLAYS (INCHFS) C(EXCLUDING LEVELeUP) 8,0

TRAFFIC DATA

RARREAEAAANS R
ADT AY BEGINNING OF ANALYSYS PERIND (VEHICLES/DAY) 16800,
ADT AT END OF TWENTY YEARS (VEWICLES/DAY) 43200,
ONE=DIRECTION 20,oYFAR ACCUMULATED NN, DF EQUIVALENT {8aKSi 16400000,
AVERAGE APPRNACH SPEED TD THE OVERLAY ZDNE(MPHM) 55,0
AVERAGE SPEED THRDUGH DOVERLAY ZONE C(OVERLAY DIRECTION) (MPH) 25,0
AVERAGE SPEED THROUGH OVERLAY ZONE (NONeDVERLAY DIRECTION) (MPH) 45,0
PROPDRTION OF ADY ARRIVING EACH MOUR OF CONSTRUCTION (PERCENT) 6,0
PERCENT TRUCKS IN ADT 17,0

ENVIRONMENY AND SUBGRADE

EARRRRARARANARN AR ARANAANAN
DISTRICT TEMPERATURE CONSTANT ‘ 26,0
SWELLING PROBABILITY 0,80
POTENTIAL VERTICAL RISE C(INCHES) 5,00
SWELLING RATF CONSTANT 0,10
SUBGRADE STIFFNESS CNEFFICIENT ' 0,22
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Example 7b

YEXAS HIGHWAY DEPARTMENY
FPS =« 1}
FLEXIBLE PAVEMENT DESIGN

PROB  DIST, COUNTY CONT, SECT,

Mal 28 SLEEPY WOLLNW 1403 09

INPUT DATA CONTINUED

CONSTRUCTION AND MAINTENANCE DATA
RRRR R RN RN ARRARAR A AR AR AN R R AR AR A RR

SERVICEABILITY INDEX OF THE INITIAL STRUCTURF

SERVICEABILITY INDEX P{ AFTER AN OVERLAY

MINIMUM OVERLAY THICKNESS (INCHES)
OVERLAY CONSTRUCTION TIME (HDURS/DAY)

HIGHWAY
SPL 101}

ASPHALTIC CONCRETE COMPACTED DENSITY (TONS/C,Y,)

ASPHALTIC CONCRETE PRODUCTION RATE (TONS/HNDUR)

WIDTH OF EACH LANE (FEET)

DATE

T1PE

07+1%«82 900Z

FIRSYT YEAR COSYT DF ROUTINE MAINTENANCE (DNLLARS/LANEeMILE)
ANNUAL INCREMENTAL INCREASE IN MAINTENANCE COSTY (DOLLARS/LANEeMILE)

DETOUR DESIGN FOR OVERLAYS
RRRNRRRARANARRRRARA RN R RN

TRAFFIC MODEL USED NDURING NVERLAYING
TOTAL NUMBER OF LANES NF THE FACILITY

NUMBER DF OPEN LANES IN RESTRICTED ZONE (NDVERLAY DIRFCTION)
NUMBER OF OPEN LANES IN RESTRICTED ZONE (NONeNVERLAY DIRECTTYON)

DISTANCE TRAFFIC IS SLOWED (OVERLAY DIRECTION) (MILES)

DISTANCE TRAFFIC 1S SLOWED (NON=DVERLAY DIRECTION) (MILES)
DETOUR DISTANCE AROUND THE OVERLAY ZONE (MILES)

PAVING MATERIALS INFORMATION
RARRAN RN R RARRARAN AR RRRANNR

MATERIALS cosY

LAYER CODE NAME PER CY
| A ACP TY D 80,00

2 B ACP TY C 70,00

3 C ASPHALT STAB BASE 65,00

4 D FLEXIBLE BASE 21,00

s E LIME TRTD SUBGRADE 14,00

- 70 -

STR,

COEFF,

0,96
0,96
0,85
0,55
0,35

MIN,
DEPTH
1.50
2,50
4,00
6,00
8,00

MAX,
DEPTH
6,00
10,00
8,00

SALVAGE,
PCcT,
30,00
30,00
40,00
75,00
100,00

PAGE
2

OO OWMNG M
oo

(=28 . J



PROB DI1sT, COUNTY
el 28 SLEEPY HOLLOW
FOR THE 3 LAYER DESIGN WITH
MATERIALS
LAYER CODE NAME
1 A ACP TY D
2 8 ACP TY C
3 C ASPHALT STAB BASE
SUBGRADE

Example 7c

TYEXAS HIGHWAY DEPARTMENT
FPS « 11
FLEXIBLE PAVEMENY DESIGN

CONT, SECT, MIGHWAY DATE 1PE

1403 09 SPL 101 071982 9002
THE FOLLNAING HATER]QLS--
cost STR, MIN, MAX, SALVAGE
PER CY COEFF, DEPTH NEPTH  PCT,
80,00 0,96 1,50 1,50 30,00
70,00 0,9 2,50 6,00 30,00
65,00 0,85 4,00 10,00 40,00

0,22

THE CONSTRUCTION RESTRICTIONS ARE TOD BINDING TN ORTAIN A STRUCTURE
THAT WILL MEET THE MINIMUM TIME TO THE FIRST OVERLAY RESTRICTION,

- 71 -
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Example 7d

TEXYAS MIGHWAY DEPARTMENT
FPS « §1
FLEXIBLE PAVEMENY NESIGN

PRNB D187, COUNTY CONT, SECT, MIGHWAY DATE 1PE
Mel 2n SLEEPY MWOLLOW 1403% 09 sPL 101 07=19=A?2 9007
FOR THE & LAYER DESIGN WITH THE POLLOWING MATERIALSwe
MATERTALS cosy STR, MIN, MAX, SALVAGE
LAYER CODE NAME PER CY COEFF, DFPTH DEPTM PrT,
t A ACP TY D AD,00 0,96 1,80 1,50 30,00
F] B ACP TY C 70,00 0,96 2.50 6,00 30,00
3 C ASPHALT STAB RASE 45,00 0,85 4,00 10,00 40,00
q D FLEXIRLE RASF 21,00 0,.5% 6,00 12,00 75,00
SUBGRADF 0,22
4 THE NPTIMAL OFSIGN FUR THE MATERIALS UNDER CONSIDFRATIONe=
FOR INTTIAL CONSTRUCTINN THE DEPTHS SHNULD BRE
ACP TY D 1,50 YNCHES
ACP TY C 4,50 INCHFS
ASPHALT STAR BASE 6,00 INCHES
FLEXIRLE BASE 12,00 INCHES
THE LIFE OF THE INITAL STRUCTURE = 11, YFARS
THE OVERLAY SCHENDULE I8
2,00 (INCHCES) (INCLUDING 0,5 INCH LEVEL=UP) AFTER 11,

TOTAL LIFE = 21, YEARS

PAGE
6

YEARS,

SERVICFARILITY LOSS DUF TO SWELLING CLAY IN EACH PERFORMANCE PERIND 18

(1)
2)

THE TOTAL COSTS PER 80
INITIAL CNNSTRU
TOTAL ROUTINE ™
TOTYAL OVERLAY C
TOvaAL USER CcNAY
OVER|
SALVAGE VALUE
TOTAL OVERALL C

0,873
0,297

NUMBER OF FEASIBLE DESIGNS EXAMINED FNR THIS SET ee

AT THE OPTIMAL SOLUY
BOUNNARY RESTRICTION
1, THE ™1
2. THE ™Ma

. Y0,

CTION COSY 29,917

AINTENANCE CNST 1,125

NNSTRUCTION CDSY 1,722

DURING

AY CONSTRUCTION 0,048
w?,.535

NnsTY 30,273

TI0ON, THE FOLLOWING

S ARE ACTIVEes

NTMUM DEPTH DF LAYER
XIMUM DEPTH OF LAYER |
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Example 7e

TEXAS HIGHWAY DEPARTMENTY

FPS = {1

FLEXIBLE PAVEMENT DESIGN

PROB  DIST, COUNTY CONT, S8ECT, HIGHWAY DAYE 1PE
Me3 28 SLEEPY WOLLDW 1403 09 SPL 101 07+=19«82 6002
FOR THE S LAYER DESIGN WITH THE FOLLOWING MATERIALSe«
MATERIALS cos? STR, MIN, MAX, SALVAGF

LAYER CODE NAME PER CY COEFF, DFPTH DEPTH PCcT,

| A ACP TY D 80,00 0,96 1,50 1,50 30,00

2 8 ACP TY C 70,00 0,96 2,50 6,00 30,00

3 C ASPHALYT STAB BASE §5,00 0,85 4,00 10,00 40,00

q D FLEXIBLE BRASE 21,00 0,55 6,00 12,00 75,00

5 E LIME TRYTD SUBGRADE 14,00 0,35 8,00 8,00 100,00

SUBGRADE 0,22
§ THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATIONew

FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

ACP TY D 1,50 INCHE
ACP TY C 3,00 INCHE
ASPHALT STAR BASE 5,50 INCHWE
FLEXIBLE BASE 12,00 INCHE

LIME TRYD SUBGRADE 8,00 INCHE
THE LIFE OF THE INIYAL STRUCTURE = 1t,
THE OVERLAY SCHENULE 18§

S
8
S
L]
S

YEARS

2,00 (INCH(ES) (INCLUDING 0,5 INCH LEVEL=UP) AFTER i1,

TOTAL LIFE = 21, YEARS

PAGE
7

YEARS,

SERVICEABILITY LOSS DUE TD SWELLING CLAY IN EACH PFRFORMANCE PERION IS

(1) 0,879
(2) 0,296

THE TOTAL COSYS PER 8Q, YD, FOR THESE CONSIDERATIONS ARE

INITIAL CONSTRUCTION COSY 29,208
TOTAL ROUTINE MAINTENANCE COSY 1,125
YOTAL OVERLAY CONSTRUCTION COSTY 1,722
TOTAL USER COST DURING _
OVERLAY CONSTRUCTION 0,045
SALVAGE VALUE 2,870
TOTAL OVERALL CNSTY 29,231
NUMBER OF FEASIBLE DESIGNS EXAMINED FOR THIS SET == 508
AT THE OPTIMAL SOLUTION,THE FOLLOWING
BOUNDARY RESTRICTIONS ARE ACTIVEew
1. THE MINIMUM DEPTH OF LAYER |
2, THE MAXIMUM DEPTH NF LAYER
3, THE MINIMUM DEPTH OF LAYER S
G, THE MAXYIMUM DEPTH OF LAYER S
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Example 7f

TEXAS MIGHWAY DEPARTMENMY
FPS « 1}
FLEXIBLE PAVEMENTY DESIGN

PROB ‘DIST, COUNTY CONT, SECT, HIGHWAY DATE 1PE PAGE
Me3 28 SLEEPY HOLLDW 1403 09 SPL 101 07e19=A2 Q002 8
SUMMARY OF THE BESTY DESIGN STRATEGIES :
IN ORDER QOF INCREASING TOTAL CODSY

1 e 3 4 - 5 6 7 ]
T I I eI L P Y R R R R R R A R R R AR e e
MATERIAL ARRANGEMENT ARCDE ABCDE ARCDE ARCNE ARCOF ABCOE ABCDE ABCDE

I¥1Y, CONST, CDST 29,21 28,37 29,14 29,28 28,04 29,35 29,82 29,22
OVERLAY CONST, CNSTY 1,72 2,67 1,88 1,72 2,67 1,72 1,72 1,.A8
USER COST 0,00 0,08 0,05 0,05 0,08 0,05 0,05 0,05
ROUTINE MAINT, COST 1,12 1,09 1,09 §1,12 1,09 1,32 1,12 1,09
SALVAGE VALUE 2,87 2,97 2,88 2,86 #2,96 2,85 <2.83 2,73

I E 3 R R R T 22 2 2 XX SR R R RS S R X2 2222222223322 2X2220 X222 2332322228222 2222 2R 23]
TOTAL COST 29,23 29,24 29,28 29,31 29,33 29,39 29,48 29,5}
NARR AR AR AN AN RN RN AN R R RN AR ARA R AR AR AN RN R AR ANARAARRERARR RN R R R AN R RN RARAR RIS
NUMBER OF ' AYERS 5 5 5 5 5 5 5 s

RN AR AR RO R AN AR RN A N R AR AN RN AR R AR R AN RN R AR A RN RN R AR R AR NN AR AR RN R R AR R AR RAR RS
LAYER DEPTH (INCMES)

0C1) 1,50 1,50 1,50 {,50 1,50 4,850 1,50 1,50

0(2) 3,00 3,50 2,50 3,5 4,00 4,00 4,50 5,00

D(3) 5,50 4,50 6,00 S,00 4,00 a,50 4,00 4,00

D(4) 12,00 12,00 12,00 112,00 12,00 112,00 12,00 10,00

0(5) a,00 8,00 8,00 8,00 8,00 8,00 8,00 8,00
ARRR AR R A RARN AR AR R R AR A RARNR A AR AR N AN RN AR AR AN RAAR AR AR R R R A NRANRRANR I A AN NN AN AR
ND,OF PERF,PERI0DS 2 3 2 2 3 2 2 2

AR R AR AR NN RN R RN R A AN RN R R AR O N RN AN N AR RN R AR AN R AR AN AR R RN AR R RN RANNRRR AR AR
PERF, TIME (YEARS)

T 11, 10, 10, 11, 1o, 11, 11, 10,
T(2) 21, 20, 20, 21, 20, 22, 22. 20,

AR AR R R R AR AR R AR RN R AR RN AR AR RN R R AR AR RN RS AR R AR R RN R R RN ARV R R RN RO R I AN RSN
OVERLAY POLICY(INCH)
{INCLUDING LEVELwUP) _
0(1) 2,0 2.0 2,0 2,0 2,0 2,0 2,0 2,0
02) 2.0 2,0
AR A AR RN AR AR R AR R R R R AR RN AR R RN AR R RN AR AR R R AR R AR AR R AR R AR R AR R AN R ARG RN R R AR AR AN

SWELLING CLAY LOSS

(SERVICEABILITY) ,
sc(1) 0,88 0,85 0,87 0,89 0,86 0,89 0,90 0,87
sC(2) 0,30 6,30 0,30 0.30 0,30 0,29 0,29 6,30
SC(3) 0,12 0,12

AR RARN AR R AR R R R AR AR AR A AR AR AR AR A RN IR AN AR RN AR AR NN AN AN ARR AR RN NN AR ARARAN AR RN AR R RRRRR
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Example 79

TEXAS HIGHWAY DEPARTMENT
FPS » {1
FLEXIBLE PAVEMENT DESJIGN

PROB nisT, COUNTY CONY, SECT, HIGHWAY DATE IPE PAGE
Mel a8 SLEEPY WOLLOW 1403 09 8P 101 07=19=82 9002 9
SUMMARY OF THE BEST DESIGN STRATEGTES
IN ORDER OF INCREASING TOTAL CNST

9 10 1 12 13 14 15 16
R AR AR R SRR RN AR AR R AR R AR R R IR RN AR R R IR SRR R AR AR NN R AR R AR R AR RN R IR R NN RA AR
MATERIAL ARRANGEMENTY ARCNE ABCOE ABCDE ARCDE ABCDE ABCOF ABCDF ABCDE

INIT, CONST, COST 29,85 29,78 29,01 29,92 29,08 29,99 29,15 30,06
OVERLAY CONST, COST 1,72 1,88 2,74 1,72 2,87 1,72 2,67 1.72
USER COSY 0,08 0,05 0,08 o0,na 0,08 0,05 0,0A 0,05
ROUTINE MAINT, CcNST 1,12 1,09 1,06 1.12 1,09 1,12 1,09 1,12
SALVAGE VALUE ©2,80 2,85 «2,90 «2,8% =2,93 =2,82 2,92 2,81

ARR R R R R R R AR R R R AR R AR AR AR R R R AR AN AR RN RN AR R AR AR AR AR RN NRRRN AR RSN AR RN RN AR AN RN
TOYAL cosTY 29,90 29,94 29,95 29,98 29,99 30,06 30,08 30,14

I 1222122 2 2 2 AR E R 2 A S RS R R ISR SRR AINY S YRS R SRR RS2SR 2 2 2 22 )
NUMBER OF LAYERS 5 5 5 5 S S s H

(A2 231 22 22 R R s a2 2222202222222 2223222232 X2 2 202 222222 2 222 dd)

LAYER DEPTH (INCMES)

b(1) 1,50 1,50 1,5¢ 1,50 1,50 1,50 1,50 1,50

0(2) 3,00 2,50 3,5¢ 3,8 4,00 4,00 4,50 4,50

D(3) 6,50 7,00 S5,5¢ 8,00 S,00 5,50 4,50 5,00

0(a) 10,00 10,00 10,00 10,00 10,00 10,P0 30,00 10,00

D(s) 8,00 @&,00 8,00 8,00 8,00 8,00 8,00 8,00
RRRR AR AR RN R R RN RN AR RN RN RN NP A AR RARRAR R RN R R AR AR R R AR ARARR AR RN R AN RO R AR R R AR RN RN
ND,OF PERF,PERIODS 2 2 3 2 3 2 3 2

(33X R R R R R R R X R X X R R 3R a2 R 222222222 22222 2XXXX22 212222222 XXXXX22 2220 )
PERF, TIME (YEARS)

T 1, 10, 10, 11, 10, 11, 10, 11,
T(2) 21, 20, 19, 21, 20, 21, 20, 22,
" 30, 30, 31,

I R Y I R R R R R X X R R AR 222 22X XXX XXX 2222222 R 222 2222 R ]
OVERLAY POLICY(INCH)
(INCLUDING LEVEL=UP) .

0(1) 2,0 2,0 2,0 2,0 2,0 2,0 2,0 2.0

0c2) 2,0 2,0 2,0
AR R AR AR RN R R RN R AN RPN RN AR RN R R RN R R AR AR R AN AR NN AN AN AR A RAN AR NN R R RR A RN RO RN AR AR
SWELLING CLAY LDSS

(SERVICEABILITY) ‘ _
8C(1) 6,87 0,86 0,85 O0,A8 0,85 0,89 0,86 0,89
sCc2) 0.30 0,30 0,30 0,30 0,30 0,29 0,30 0,29
8C(3) 0,13 0,12 0,12

AR AR AR RN A RN AR R AR R RN AN IR AR AR R AR R AN AR R RN N AR R AR AR N RN AR R R RN AR AR RSN A AN
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Example 7h

TEXAS HIGHWAY DEPARTMENT
FPS & 11
FLEXTIBLE PAVEMENT DESIGN

PROB D18T, COUNTY CONY, SECT, HIGHWAY DATE 1PE PAGE
M3 28 SLFEPY MOLLOW 1403 ne SPL 101 07=10«82 Q002 10
SUMMARY 0OF THE BEST DESIGN STRATFGIES
IN ORDER DF INCREASING TYOTAL COSTY

17 18 19 20 21 22 23 24
IR R R R R R Rt e st
MATERIAL ARRANGEMENTY ARCDE ABCO ARCD ABCDE ABCO ARCD ABCD ABCD

INIT, CONST, CNST 29,93 29,92 29,85 30,00 29,99 29,15 30,06 29,22
OVERLAY CONST, COST 1,80 1,72 1,88 1,88 {1,772 2,74 1,72 2,67
USER COST 0,05 0,08 0,05 0,05 0,08 0,08 0,05 0,08
ROUTINE MAINT, COST 1,00 1,12 1,09 1,09 1,12 1,06 1,12 1,09
SALVAGE VALUE .2.69 .2.S° -2.55 .2.°B .2.5?. -2.62 -2.51 -2.61

X233 82 12322222 222212222 X222 X XXX EXZ 2222222322 XXX 222222 X ]
TOTAL CNSY 30,26 30,27 30,32 30,33 30,36 30,81 30,44 30,45

3 X R R R R R R X LR R R R R R R R R R R R X R R R X XS R XX XTERRXZRZ2 XSRS SRR R0 2 |
NUMBER OF LAYERS s 4 4 S 4 q a 4

L I R R R T e R L Ry R ey e R e T s L L)
LAYER DEPTH (INCHES)

0(1) 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50
0c2) 5,50 4,50 4,00 6,00 5,00 5,50 5,50 6,00
D(3) 4,50 5,00 6,50 4,00 5,50 4,50 5,00 4,00
0(4) 8,00 12,00 12,00 8,00 12,00 12,00 12,00 12,00
0(5) 8,00 .00
(AR AR R R R R R R RS R2 RS RS2 R R R R R R 2R R R0 R R 820
NO,OF PERF,PERIODS ? 2 2 2 2 3 2 3

....i"i..itiﬁttti.i.t..i'ttittittiﬂ.ﬁt.ti.titt.iti.ttﬁi..ti.iii.ittt.iiitiiitﬁt
PERF, TIME (YEARS)

T(1) 10, 11, 10, 10, 1, 10, 11, 10,
T(2) 20, 21, 20, 20, 21, 19, 21, 20,
Te3) 30, 31,

AR R AR N R R R AR RN AR R R AR AR AR AR AN S AR AN R AR R AR AR R R AR AR N RN R AR AN RN AN SRR R AR RN R AN
OVERLAY POLICY(INCH)
(INCLUDING LEVEL®UP)

0(1) 2,0 2.0 2,0 2,0 2,0 2,0 2,0 2,0

0(2) 2,0 2,0
AR R e R Ty R e R S s I I e L

SWELLING CLAY LNSS

(SERVICEABILITY)
$C(1) 0,86 0,87 0,87 0,87 O0,8R 0,85 0,88 0,86
8C(2) 0,30 0,30 0,30 0,30 0,30 0,30 0,30 0,30
8C(3) 0,12 0,12

AR R R AN RN RN R R AR R R AR AN AR AR R AR AR AR R AR R AN AN AN N AN R AR AR R R R AR AR A AR RN AR AR A

THE TOTAL NUMBER OF FEASIBLE DESIGNS CNNSIDERED WAS 835
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Limitations of the FPS System

The performance equation of FPS-11 is empirical in nature. It is possible
for FPS to produce answers outside the limits or experience range for which it
was developed. It is the responsibility of well qualified pavement designers
to examine all designs generated by FPS for reasonableness. Chapter 1A, "Limi-
tations of the FPS System" of the Flexible Pavement Designer's Manual, outlines

these areas of limitations which the designer must avoid when using the FPS
system.

In-discussing the Timitations of FPS, attention is directed to Figure 13,
Critical Wheel Load Induced Stresses in Pavements. The three very general fail-
ure areas in a typical flexible pavement are:

1. Tensile stress failure of semi-rigid pavement layers,
2. Shear failures of surface courses and base courses,
3. Compressive failures of the subgrade.

Tensile stresses at the bottom of semi-rigid surfacing (bound) layers on
untreated flexible layers can become excessively high and induce premature
fatigue cracking of the surfacing layers. Figure 14, Tensile Stresses in Semi-
Rigid Pavement Layers, defines the elements involved in tensile stress failures
of semi-rigid pavement layers. The "E" value is the modulus of elasticity of
the respective pavement layers. When the ratio of E1/E2 becomes large and the
thickness of the semi-rigid layer (D1) is relatively small, the resulting con-
dition is referred to as "a plate of glass on a sponge."

Referring again to Figure 14, there is a need to study the effects of
increasing the surfacing layer thickness (D1) while monitoring the stress
condition at the bottom of the surfacing layer and directly under the wheel
load. Figure 15, Stress-Layer Thickness Relationship, shows what happens as
the D1 value is increased. With a very thin surfacing layer the stress is
compressive and approaches the value of tire pressure under the wheel load.
As the thickness D1 is increased the stress becomes less compressive and then
at some degree of thickness D1 passes into tension. If the thickness D1 con-
tinues to increase, there is a peak in the tensile stress after which there is
a decrease in tensile stress with an increased surface layer thickness. 1In
repeating this for different modular ratios, the peak tensile value increases
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WHEEL LOADS

BOUND SURFACE LAYER(S)

... I .

UNBOUND BASE COURSE(S)

SUBGRADE

FIGURE 13
Critical Wheel Load Induced Stresses in Pavements
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as the modular ratio E1/E2 becomes larger.

The conclusion from the preceding is that there are three areas of sur-
facing layers thickness with respect to the limiting tensile stress condition.
Figure 16, Surfacing Layer(s) Thickness Ranges, shows these ranges as thin,
intermediate, and thick. Figure 16 shows that the thin and thick ranges are
in the safe range with respect to tensile stresses at the bottom of the sur-
facing; whereas, the intermediate range depicts the danger area or the area
of thickness which is more likely to produce premature fatigue cracking.

Table 2, Recommended Minimum Semi-Rigid Layer thicknesses, is from the
Flexible Pavement Designer's Manual and gives guidelines or recommendations

on minimum layer thickness as a function of design wheel load. It appears that
for general highway pavement design the combined thickness of all semi-rigid
surfacing layers should not be less than seven inches and, in most instances,
the eight inches would be the more desirable value. On the practical side,
experience has also indicated that pavements in a continually warm climate do
not suffer from this condition and that thin surfacing has a reasonable survi-
val rate.

The thin area or range is another consideration. As a general rule, these
areas should not exceed two inches in thickness during their design period. In
addition to being thin, it is also imperative that they be flexible. The multi-
layer surface treatments plus seal coats are best examples of thin and flexible
and perform very well under the traffic conditions for which they were intended.

Again referring to Figure 13, the area of failure concern in a flexible
pavement structure is shear stress in surface course and base layers. In general,
this failure area has not been a limitation in FPS. The shear failure of a sur-
face course is usually referred to as "rutting" and this is a subject better
addressed in the mix design phase of flexible pavement design. Shear failures
in base courses are rare. Specifications address this in terms of triaxial
requirements for the specified base course which has been a satisfactory proce-
dure. While it is acknowledged that current specifications do not specify
Dynaflect stiffness coefficient requirements for a given base material, the
development of this coefficient for design purposes is assumed to be from a
base course which has met a given specification requirement. It is assumed
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TABLE 2

RECOMMENDED MINIMUM
SEMI-RIGID LAYER THICKNESSES

Design Wheel Load Minimum Thickness of
(Pounds) Semi-Rigid Layers

4,000 - 5,999 5"

6,000 - 8,999 6"

9,000 - 11,999 7"

12,000 - 16,000 8"
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that the design coefficient can be repeated by specifying materials from the
specification under which the coefficient was derived. In conclusion, shear
stress failures in base courses are only minor problems.

Figure 14 indicates that compressive stress in the subgrade is one of the
three critical stress areas. One of the significant limitations to FPS is its
tendency to produce thin designs when the traffic (18-KSA applications) is low.
The FPS system uses 18-KSA equivalents as a performance equation input. Low
traffic roads such as city streets or farm-to-market roads may have low values
of 18-KSA applications, but there may be a few very heavy wheel loads in this
traffic and these loads produce the high compressive stress in the subgrade if
the design is too thin. To cope with this limitation to FPS the Flexible Pave-
ment Designer's Manual recommends that all designs determined by FPS be checked
by a "quick" or "short" triaxial design procedure to assure adequate pavement
cover over the subgrade. A section of this report deals with flexible pavement
design by triaxial design procedures. The section on triaxial design presents
a procedure known as the "Modified Triaxial Design Procedure for Use with Flexi-
ble Pavement Design System (FPS)," which is recommended as a check on all designs
determined by FPS.

In summarizing the section on limitations of FPS, there are two basic
considerations:
1. Semi-rigid pavement layers shall be thick and stiff
enough to withstand the inherent tensile stresses.
2. Al1 FPS designs shall be checked by triaxial procedures
to insure adequate cover over the subgrade.
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Pavement Design Assistance By D-8PD

The offer to assist with pavement-related matters is general in nature
and applies to all pavement types.

Generally it will be the District's responsibility to do the data
collection, data analysis, design or analysis procedures and selection
of optimal strategies. Personnel from File D-8PD will assist and advise
District personnel to the extent necessary.

On very special projects File D-8PD will do the data collection, data
analysis, design or analysis procedures and recommend optimal strategies.
The 1imited number of D-8PD personnel and other duties make it necessary
that this service be used on a limited basis. |

File D-8PD personnel will, as always, be glad to respond to specific
problems by telephone or other means.

File D-8PD will also be glad to consider requests for pavement design
training. It is anticipated that training sessions would be in Austin
when sufficient requests are received, but other requests would be considered.

Any problems concerning the Flexible Pavement Design System (FPS) should
be communicated to D-8PD personnel by telephone or other suitable means.

In addition to the references listed in this report, the reader may
wish to consult the "Suggested Reading List" at the end of the report.
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TEXAS TRIAXIAL DESIGN PROCEDURES



TEXARS TRIAXIAL DESIGN PROCEDURES

The Texas Triaxial Design Procedure for flexible pavements
is a development by the Texas State Department of Highways
and Public Transportation. The exact date of the procedures’
conception is difficult to establish. The developmert of the
Texas Triaxial Design procedure is generally credited to Mr.
Chester McDowell, former Scils Engineer, Texas Highway Department.
In the early 1950's, Mr. McDowell published various papers which
were forerunners of the formal procedure. Mr. Frank H. Serivner,
former Research Engineer, Texas Highway Dgpartment, apparently
also deserves significant credit in the development of the Texas
Triaxial Design Procedure. There is published evidence available
that in the late 1940's, Mr. Scrivner was working on stress/
gtrain solutions in two— and three-layer elastic systems using
the Burmister theory. It appears almost certain that these
computations form the numerical basis of the Texas Triaxial
Design Systemn.

ARs late as 1974 there were two official versions of the
Texas Triaxial Design procedures for flexible pavement. The
Materials and Tests Division and the Highway Design Division each
sponsored a version of the procedure. The procedures were not
identical and substantial difference in design could be noted by
comparison of procedures. In 1974, ¢the Highway Design Division
adopted the Flexible Pavement Design System (FPS) as its primary
flexible pavement design procedure and the triaxial procedure was
deleted. 1In the Flexible Pavement pPesigner!s Manual, refererce

is made to the need for checking all FPS-generated desigrs for
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adequate thickness to prevent compressive subgrade failures. The
Designer's Manual made reference to a "quick" or "short" triaxial
design procedure.

The Materials and Test Division, File D-9, maintain in
their Manual of Testing Procedures, Test Method Tex—117-E, entitled
"Triaxial Compressive Tests for Disturbed Soils and Base
Materials". This procedure is frequently referred to as the
"Texas Triaxial Design System" and is the Department’s official
triaxial design system. A copy of Test Method Tex—-117-E will be
placed in Appendix A of this report for ready reference.

A very brief discussion concerning each of these procedures
will follow. The modified procedure will be presented in full in

a following section of this report.

e - —— - —— —— i — - -—c e B eamE o fde e e e 22 2T 2]

s
ils and Base Materials

[+ Iet

e
=)

10—

The triaxial design procedure designated as Test Methad
Tex-=117-E may be divided into two very general areas a classifi-
cation procedure for base materials and subgrade soils, and a base
thickness design procedure. The remarks which follow are
intended to address only the base thickness design procedure.

The basic purpose of the procedure is to insure that the
pavement design is of adequate thickness to protect against a
compressive failure of the subgrade material. This feature of
the procedure has been the reason for the general acceptance
and successful long term usage. The procedure is alsoc used to

determine adequate thickness above each base layer to insure that

shear failures do not occur.
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The inability of this procedure to adaequately account for
the very high level of repetitive loading may be one of the areas
of concern at this point in time. The equivalency or trade-off
of bound layers versus unbound layers is addressed through
the cohesiometer reduction feature of the program and is alsc a
concern area. It is necessary to jJustify the use of premium
materials such as asphalt stabilized base if design cost
optimization is tc be achieved. The adequacy of the cchesiometer
test to respond to the equivalency question makes it difficult to
use the procedure when the need for thick-stiff asphalt layers is
dictated by experience but the means of jJustification is not
fully available.

The flexible pavement design procedure defined as Test
Method Tex-117-E is recommended when load repetitions are nat
excessive and when it is anticipated that the surfacing design
will be of the thin flexible variety. This procedure should alsc
be used when the use of a full traixial design procedure is

specifically desired.

Payement Design System (FPS)

The modified procedure is & modification of Test Method
Tex—-117-E. The procedure was developed as a rapid means of
checking FPS—-generated designs for triaxial adequacy to guard
against compressive subgrade failures. The FPS Designer's
Manual on page 1A.3, recommends that this check for triaxial

adequacy be made.
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It is not recommended that the modified procedure be used
for any other purpose than the checking of FPS designs for
overall triaxial adequacy to prevent subgrade failures.

If full triaxial design procedures are desired, the

procedure cutlined in Test Method Tex—-117-E is recommended for
usage.
Summary and Recommendation

The two triaxial design/analysis procedures available to
Departmental personnel are:

1. Test Method Tex-117-E, Triaxial Compression Tests
Disturbed Soils and Base Materials.

2. Modified Triaxial Design Procedure for Use with the
Flexible Pavement Design System (FPS).

Recommendations concerning these triaxial procedures are as

follow:
1. It is recommended that all designs generated by the

Flexible Pavement Design System be checked for
triaxial adequacy by use of the modified procedure.

as the sole design procedure.
3. When triaxial design procedures are to be used exclu-

sively, it is recommended that the procedure outlined
in Test Method Tex—117-E, be used.
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SWELLING CLAYS IN THE FPS SYSTEN

The objectives of this presentation is two-fold, first a brief
condensed description of the equation modeling awelling clay
serviceability losses in the FPS-11 computer program is presented
and second there will be a suggested procedure for applying the
swelling clay performence loss concept in the design of flexible
pavements.

The current swelling clay model in computer program FPS-11 was
developed by Dr. Robert L. Lytton, Texas Transportation
Institute, Texas A&M University, College Station, Texas. The
equation is as follows:

-et

PSI(Loas) 0.335«C1uC2#(1 - @ )

Serviceabiity loss due to
Swelling clay component.

PSI(Loss)

C1 = The fraction of a roadway length
that haas expansive clay in loca-
tions that are likely to promote
volume changes.

c2 = The maximum amount of differential
heave in inches that is likely to
be noted along a roadway.

6 = A constant which determines the rate
of heaving of the expansive clay.

t = The time (yeara) since initial con-
struction.

The second part of this report discusses a suggested procedure
for applying the swelling clay performance loss concept to the
design of flexible pavements. This procedure is based on the
fact that increasing the pavement thicknesa alone will not
appreciably decrease the loases in pavesment serviceability with
time. Basically it is proposed that a non-swelling condition
should be designed for and constructed, but the proposed design
should be re-run with FPS-11 using 100X swelling clay probability
(Cl=21.0) to estimate the projected effects on performance.

Figure 1, Project Layout, shows a proposed project which is seven
(7) miles in length. Within the project limits there is a two
(2) mile section which contains soils which are subject to

swelling based on psat experience and laboratory testing. In
this example 29 percent of the project has soilas which are
subject to swelling. I1f the fractional aspproach is used as

suggeated in the FPS Manual it becomes obvious that the non-
swelling portion of the project will be slightly overdesigned.
The section with awelling clays will also have been increased 1in
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thickness in an effort to increase performance life. A slight
increase in pavement thickness cannot produce enough "surcharge
effect” to overcome the tendency to swell or swelling energy of
swelling clay soils.

The procedure presented is intended to make the designer and
planner awvare of tha future consequences of constructing a
pavement on a soil which has swelling potential. It is proposed
that flexible pavements be designed for the non-swelling
condition and investigated at the 100 percent awelling condition
to determine or anticipate the future maintenance and/or
rehabilitation requirements in those areas where the swelling
soils,_ are present. Figure 2, Effects of Swelling Clays on
Pavement Performance, diagrams the results of awelling clays on a
given pavement design. The upper diagram indicates the
performance expected on a design if swelling clays are not
present. The pavement design in question is as follows:

1* Asphaltic Concrete Pavement
10" Flexible Base
12" Foundation Course
Natural Subgrade (Coefficient = 0.24)

As noted the initial performance period is 14 years at which time
a 1.5 inch asphaltic concrete overlay is expected to extend the
performance period out to 24 yeara. Looking at the lower part of
Figure 2 the effects of swelling clays (100 percent) on the
performance of the above noted design can be observed. The
initial performance period has been reduced to 6 years when a 1.5
inch asphaltic concrete overlay is required the asecond
performance period terminates at 14 years when another 1.5 inch
asphaltic concrete overlay is required. The third and final
performance period will extend out to 24 years. The consequences
of the swelling clays on this design are the reduction of the
initial performance period and the requirement of an additional
overlay within the analysis period. The designer needs to make
financial plans for the additional overlay which will be within
the design period. The second point to consider is whether the
short or reduced performance periods are acceptable.

There are procedures such as ponding, vertical moisture barrieras
and deep undercutting which have potential to eliminate or at
least reduce the effects of swelling clays on performance, but
these procedures are costly. This presents the need for a cost
benefit atudy with respect to reducing future maintenance or
rehabilitation and also the enhancement of the design by
achieving longer performance periods.

To give the designer a feel for the reducton in serviceability
due to swelling clays Figure 3, Plot of Swelling Clay Losses, has
been prepared. Aa noted under C1l, the plots in Figure 3 are on
the basis of 100 percent swelling clays.
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The FPS-11 program, on ita output sheeta, prints out the
serviceability loss due to awelling clay in each performance
period. These values indicate what part of the serviceability of
a pavement is being used to satisfy the awelling clay requirement
thus the remainder is available to traffic demands, etc.

To use the plots in Figure 3, it is necessary to know the
potential vertical rise (heave), the awelling rate constant and
the time period in question. In the Flexible Pavement Designers
Manual (FPS User’s Manual), Figure 6.3, Nomograph For Selecting
Swelling Rate Conatant, providea a means of estimating the
awelling rate constant of a soil. From this figure it is seen
that the swelling rate conatant is & function of moisture supply
and subgrade soil feabric. Example Problem No. 1, which |is
attached, outlines the uae of Figure 3 by use of a simple example
problem.

The maximum heave anticipated can be equated to the Potential
Vertical Rise (PVR) of a socil as defined in Teat Method Tex-124-
E, "Method for Determining the Potential Vertical Rise, PVR".
Another method of estimating the vertical heave would be to
exarine an older existing pavement with reapect to the amount of
level-up that has been necessary in areas where gimilar aswelling
claya exist. The method described in Tex-124-E could be a coatly
laboratory enalysias procedure and the benefits from accurately
knowing the amount of potential heave versus a rough esatimate
have to be considered.

In summary, it 4is the intention of this report to present a
auggested procedure for applying the swelling clay performance
loss concepts of computer program FPS-11 ¢to the design of
flexible pavementas. Basically the pavement designer is urged to
design for the non-swelling condition, but to check the proposed
design by reapplying FPS-11 with the swelling clay component set
at 100 percent, The resulting performance periods and overlay
requirements should be reviewed with respect to acceptability and
future funding requirements.

Questions concerning the concepts proposed in this report should

be addressed to the Pavement Design Section (D-8PD) of the
Highway Design Division.
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Example Problem No, 1:

The purpose of this example problem is to give the FPS user
inaight on the use of the FPS sewelling clays egquation. The
attached Figure 3, Plot of Swelling Clay Losses, is being
modified to show the working of the swelling clay losses chart
and to diagram the solution of this example problem.

Given: (1) 6 year performance period
(2) 100x of project subject toc swelling
(3) Swell rate = 0,12
(4) Potential Vertical Rise = 5"

Find: The loss in pavement serviceability due to the action of
swelling clays during a 6 year performance period.

Procedure: (1) Enter time scale at 6 years.
(2) Proceed vertically to the 0.12 swell
rate line.
(3) Proceed horizontally to the S* PVR line.
(4) Proceed vertically to the loss in
serviceability scale and read 0.83.

Answer: Loss in serviceability in € years is 0.83.
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The FPS Traffic Equation

In general it is not necessary for the FPS user to become involved
with the FPS traffic equation on a regular basis. It is desirable to
have a knowledge of how the equation functions within the program and
what could be expected under various traffic conditions. There are also
special applications where the external usage of the FPS traffic equation
may be useful to the pavement designer. The FPS traffic equation and one
method of deriving the equation will be presented in this report on the
FPS traffic equation.

There are five traffic related inputs to FPS and they are:

Beginning Average Daily Traffic
Ending Average Daily Traffic

20 year Accumulated One Direction 18-Kip
Single Axle applications

4. Percent trucks in the ADT
5. Percent ADT per hour of construction

The FPS traffic equation uses the first three inputs. The beginning and
ending ADT represent the traffic growth rate. Assuming that the trucks in
the ADT will grow in proportion to the ADT growth rate there are three

basic shapes which the 18-KSA equivalents can assume with time, these shapes

are:

1. The ADT is constant from beginning to ending of analysis
period, the accumulated 18-KSA will be represented by a
positive sloped straight line which begins at zero.

2. Second and most common case is when the ADT is linearly
increasing, the accumulated 18-KSA curve would again
start at zero but it would curve upward. This is the
most usual or the expected shape for the accumulation of
18-KSA with time.

3. The third condition is a linearly decreasing ADT with
time. The accumulated 18-KSA curve again begins at
zero, but this time the curve turns downward. FPS will
accept a decreasing ADT condition, but it will print
out a warning message, “Note Decreasing ADT. It is
suggested that the designer not input a decreasing ADT
condition.

The FPS traffic equation is presented to give the FPS user a concept on
the inner workings of the program with respect to the average daily traffic
and the 18-KSA equivalents. Two example problems are being included to show
possible usages for the FPS equation.
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c .Length of traffic data analysis
period, Yrs,

T Time period between beginning of
traffic analysis period and year
of desired data, Yrs.

RO = One direction ADT at beginning o:
traffic data analysis period, VPD.

RC = One direction ADT at end of traffi
data analysis period, VPD,

RT = One direction ADT at time = T, VPD

RT = RO + % (RC-RO)

AC = Accumulated One-Direction Traffic¢
for traffic data analysis period

AT = Accumulated One-Direction Traffié
at time = T,

AC = C(RO + RC)
2

AT = T(RO + RT)
2

NC = Accumulated number of equivalenth
18-KSA for traffic data analysis
period.

NT = Accumulated number of equivalent
18-KSA at time = T,

NT =

NC 2.RO-T +(Rc-Ro) 2 'i
C(ROHRC) C -
B




TRAFFIC EQUATION DERIVATION:

Step 1.

Step 2.

Step 3.

Assume that the total traffic increases uniformly from
beginning to end of analysis period.

General equation of a straight line is as follows:

y = mx+b

traffic growth rate = BQEBQ

m
Substituting thus:

RT = RO + % (RC-RO)

Accumulated One-Direction Traffic at time = T and C is the
product of average rate and time interval:

ac = c(REEE
ar = T(RORT

Assume that the Accumulated One-Direction Traffic and Accumulated
One-Direction Equivalent 18-KSA are proportional:

NT = NC
AT AC

Substitute for AT and AC

NT  _ _NC
T(RﬁzRT) C(Ro;nc)

Substitute for RT

_NC . RC-ROy -2
NT = —e [2-ROT+( - )TJ
CC-jf—ﬁ
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FPS TRAFFIC EQUATION - EXAMPLE 1
ADJUSTMENT OF ESTIMATED TRAFFIC DATA

Assume that 20 year traffic projection data for the 1980-2000 year
time period was obtained from File D-10P but it is now 1985 and a "rush"
pavement design must be made "immediately".

If traffic increases on beyond the year 2000 on the same growth pattern
what value of 18-KSA equivalents should be expected for the 1985-2005 time

period?

~1980-2000 Traffic Data:

Beginning ADT = 13,750 VPD
Ending ADT = 31,650 VPD
18-KSA Equiv. = 18,958,000
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FPS TRAFFIC EQUATION - ExamMPLE No.1 (ConT'C

N 2005

L0
18-KSA Nzooo 2
o |Z
EQuiv. S| \ |
s 8
CQ
2 3
| |
! [
1980 '85 . ‘00 2005
TIME, YRs.
20 YRs. _| .
I 25 YRS. ik -

-

_ 18950,000 s areaey o [15825-6815) , e\
Nises = 506,875+ 15925) |(2*6875 5)+( 20 )'(5)]

Ni9ss = 3,336,598 = 3337000

-
. _18,950,000 15,825-6 8175 2
N z005= 20(6,375+|5,87.5 (2“6'875‘25}'( 20 )"(25):|

Nzoos = 26,022,336 =26,022,000

N(9es-z005) = 26,022,336 — 3,336,598 =22,685738

N(98s-2008) = Z 2) 686,000
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FPS TRAFFIC EQUATION - EXAMPLE NO. 2

INTERPOLATING AND EXTRAPOLATING TRAFFIC DATA

It is possible to use the FPS Traffic Equation to interpolate and
extrapolate a given set of traffic data if the assumption is made that
the traffic is linear within the initial period and out to the point of
needed extropolation.

Assume that 20 year traffic projection for the 1987-2007 year time
period was obtained from File D-10P. It is desired to compute accumulated
18-KSA for two additional time periods of 1987-1997 and 2017 this being
10 year and 30 year time periods respectively.

The 20 year traffic data is as follows:

Beginning ADT (1987) = 12,750 VPD
Ending ADT (2007) = 43,000 VPD
18-KSA Equivalents = 2,447,000
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FPS TRAFFIC EQUATION -EXAMPLE No.2 (CONT'D)

1981 1991 2007 2017

20 Yrg. : JI
3 .
1:: O YRS ._l

TIME |, YEARS

_ 2,447,000 2u500-¢,315
Nio -20(6'37“2‘,500{(2*6.375Ho)+( )('O):l

Nio = 892,000

2,447,000 2] 500 6 375
0= =7 Zx6315%30)+ 30
20(6,375+21,500) [( ) ( )( )i

N3o= 4,666,000
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Test Method Tex-117-E
Rev: December 1982

State Department of Highways and Public Transportation

Materials and Tests Division

TRIAXIAL COMPRESSION TESTS FOR DISTURBED SOILS
AND BASE MATERIALS

Scope

This method of procedure provides for the deter-

mination of the shearing resistance, water absorption
and expansion of soils or goil aggregate mixtures. The
test consists of applying an axial load to cylindrical
specimens of definite dimensions, supported by various
known lateral pressures until failure occurs. The test
method is applied in Part 1 to laboratory compacted
specimens of disturbed soil or material containing ag-
gregate with the largest size particle passing the 1.3/4
inch sieve. Part Il describes an accelerated procedure
which has been carefully correlated with the standard
method of Part 1. It is intended to use the accelerated
method to control the quality of material during con-
struction.

Definitions

1. Triaxial Test: A test in which force is ap-
plied in three mutually perpendicular directions.

2. Axial Load: This force is the sum of the ap-
plied load and deed load which includes the weight of
the top porous stone, metal block and bell housing and
is applied along the vertical axis of the test specimen.

3. Lateral Pressure: The force supplied by air
in the cell and is applied in a radial or horizontal direc-
tion.

4. Unit Stress: This term is defined as the axial
load divided by the end area of the cylindrical
specimen,

5. Strain: Strain is unit deformation and is
equal to deformation of spécimen divided by the
original height often expressed as a percentage.

6. Mohr's Diagram: A graphical construction
used in analyzing data from tests on bodies acted on by
combined forces in static equilibrium which shows more
information as to physical properties of the material than
other methods in common use.

7. Mohr's circle of failure: A stress circle con-
structed from principal stresses acting on the specimen
at failure.

8. Mohr's envelope of failure: The envelope of
failure is the common tangent to a series of failure
circles constructed from different pairs of principal
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stresses required to fail the material. The envelope is
generally curved, its curvature depending on the factors
related to the characteristics of the material.

Apparatus

1. Apparatus used in Test Methods Tex-101-E
and Tex-113-E

2. Axial Cells, lightweight stainless steel
cylinders; 6-3/4 inches inside diameter and 12 inches in
height, fitted with standard air valve and tubular rubber
membrane 6 inches in diameter (Figure 1).

3. Aspirator or other vacuum pump

4. Air Compressor

5. Damp room or moist cabinet equipped with
shelves and regulated air pressure.

6. Screw jack press and assembly (Figure 3)

7. Pressure regulator, gauges and valves

8. Micrometer dial gauge, calibrated in 0.00]
inch, with support to measure deflection of specimen.

9. Dial housing and loading block to transmit
load to cylindrical specimen

10. Ring dynamometer which has been
calibrated in accordance with Test Method Tex-902-K.

11. Circumlerence measuring device, special
made metal tape measure (Figure 5).

12. Lead weights for surcharge loads

13. Rectangular stainless steel pans 9 x 16 x
2-1/4 inches deep equipped with porous plates

Figure |
Axial Celis of Various Sizes



Figure 2

Figure 3
Press Assembly with Specimen in Place

Test Record Forms

Record test data on Form No. 1062, Figure 10, M/D
and Triaxial Test Work Sheets, Figure 9, and Triaxial
Compression Test Capillary Wetting Data, Figure 8.
After test and calculations are completed, summarize
results on Triaxial Test Summary Sheet, Figure 15.

2
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Preparation of Sample

Prepare approximately 200 pounds of material ac-
cording to the procedure given in Part 1]l of Test Method
Tex-101-E. See General Notes.

PART 1
STANDARD TRIAXIAL COMPRESSION TEST
Procedure
A. Determining Moisture-Density Relations

Determine the optimum moisture and maximum
density as outlined in Test Method Tex-113-E, using the
compactive effort specified for the type of material be-
ing tested.

B. Compaction of Test Specimens

1. Follow Steps 1 through 12 under procedure
of Test Method Tex-113-E and mold at optimum moisture
a total seven specimens, including the specimen from
the peak of the M-D Curve for all materials containing
aggregates. (Base and subbase materials). For fine grain
soils or those containing small amounts of aggregates
mold a total of six specimens at optimum moisture and
density conditions. These specimens should be six inch-
es in diameter and 8 inches in height to the nearest 1/4
pound of dry material. These test specimens should be
wet, mixed, molded and finished as nearly identical as
possible. Identiy each test specimen by laboratory
number and specimen number.

2. Immediately after extruding the specimen
from the mold, enclose the specimen in a triaxial cell,
with top and bottom porous stones in place and allow all
the specimens to remain undisturbed at room
temperature until the entire set of test specimens has
been molded. Record data on M-D and Triaxial Work
Sheet shown in Figure 9.

Notes

When a different compactive effort is desired, a
complete new M-D Curve and test specimens must be
molded.

C. Curing Test Specimens

After the entire test set has been completed, remove
the triaxial cells and dry cure the specimens according
to the type of material. To avoid excessive cracking
which will damage the specimen the dry curing is ac-
complished as follows:

1. For flexible base materials and select
granular soils with little or no tendency to shrink, place
specimens in the oven air dryer and remove 1/3 to 1/2
of the molding moisture content at a temperature of
140°F. (This will require 3 to 6 hours depending on the



material, the optimum moisture content and the load of
other wet material in the oven.) Allow the specimens to
return to room temperature before preparation for and
subjection to capillarity.

2. Very plastic clay subgrade soils subject to
large volume change crack badly while shrinking. Air
dry these soils at room temperature inspecting the
specimens frequently by looking at the sides of the
specimens and raising the top porous stones to examine
the extent ol cracking at the top edges of the
specimens. When these cracks have formed to a depth
of approximately 1/4 inch, replace the triaxial cell and
prepare the specimens for capillary wetting.

3. For moderately active soils that might crack
badly if placed in an air dryer for full curing time, dry
at 140°F and check frequently for the appearance of
shrinkage cracks. lf cracks appear, examine the extent
of cracking as described under Step 2, and allow some
air drying at room temperature during the cooling
period belore enclosing specimens in cells.

D. Subjecting Test Specimens to Capillary Ab-
sorption

1. The specimens are now ready to be
prepared for capillary weiting. Do not change the
porous stones or remove them until the specimens have
been tested. Weigh each specimen and its accompany-
ing stones and record weight. Cut a piece of filter
paper 10 in. by 20 in. fold to 5 in. by 20 in. and make
several cuts with scissors (Jack-o-lantern fashion). These
cuts will prevent any restriction by the paper. Wrap the
filter paper around the specimen and stones, allowing
the bottom of the paper to be near the bottom of the
bottom porous stone, and fasten with a piece of tape.
Replace cell by applying a partial vacuum to the cell,
deflating the rubber membrane, then place the cell over
the specimen and release the vacuum.

2. Transfer the specimens to the damp room and
place them into the rectangular pans provided for
capillary wetting shown in picture of damp room, Figure
2. Adjust the water level on the lower porous stones to
approximately 1/2 inch below the bottorn of the speci-
mens. Add water later to the pans, as necessary, to main-
tain this level. Note schematic arrangement, Figure 4.

3. Connect each cell to the air manifold and
open valve to apply a constant lateral pressure of 1 psi.
Maintain this constant pressure throughout the period of
absorption.

4. Next, place a suitable vertical surcharge load
(which will depend upon the proposed use or location of
the material in the roadway) on the top porous stone. For
flexible base use 172 pound per square inch and for
subgrade soils use 1 pound per square inch ol end area
of the specimen. Consider the weight of the top porous
stone as part of the surcharge weight, Figure 4.

K]
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5. Subject all flexible bhase matcrials and soils
with plasticity index of 1S or less to capillary absorption
for 10 days. Use a period of ime in days equal to the
plasticity index of the material for subgrade soils with Pl
above 15. Keep the specimens in the damp room,
equipped with spray system, during the period of
capillary absorption.

E. Prepering Specimens lor Testing
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Figure 4
Schematic Arrangement for Capillary Wetting

|. Disconnect air hose from cell, remove sur-
charge weight and return specimens to laboratory for
testing. Use a vacuum and deflate the rubber membrane
to aid in removing the cell from specimens and discard
filter paper. lf any appreciable material clings to paper,
carefully press it back into the available holes along the
side of the specimen.

2. Weigh the specimens and record as total
weight after capillary absorption. Note that the wet
weight of stones is obtained after the specimens are
tested. Record on Figure 8.

3. Measure the circumference of each
specimen by means of the metal measuring tape.
Measure the height of the specimen including the
stones, and enter on data sheet as height over stones.
Also record the height of each stone (Figures 5 and 6).



4. Replace the axial cell on the specimen,
release the vacuum, and the specimen is ready to be
tested. The cell need not be placed on the specimen to
be tested at zero lateral pressure if tested immediately
after preparation. It is important to keep the proper
identification on the specimens at all times because
weights, measurements, test values and calculations are
determined for each individual specimen.

Figure S
Circumference Measuring Device

Figure 6
Measuring Overall Height of Specimen and Stones
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F. Testing Specimens

In brief, the specimens are tested in compres-.
sion while being subjected to their assigned constant
lateral pressure. The motorized press is geared to travel
at the rate of 0.135 inches per minute plus or minus
0.015 inches per minute. Simultaneous readings of load
and deformation are taken at intervals of 0.0l inch
deformation until specimen fails, Figure 7.

1. Disengage the worm gear drive and crank
the press down far enough to have room to place
specimen, metal loading blocks and the special bell dial
housing in the press,

2. Center the specimen with upper and lower
metal loading blocks in place in the press. Adjust the
deformation gauge in such a manner that it will be
down against the center of the top spacer block and also
compressed for almost the length of travel of the stem.
The gauge must be placed in this position since the
specimen moves away from the gauge during the com-
pression. Set the dial of the strain gauge to read zero.

3. Next, set the bell housing over the deforma-
tion gauge and adjust so that it does not touch the
gauge or its mounting. At this point it should be noted
that the compressive stress will necessarily be applied
along a vertical line through the center of the ball that
is mounted in the top of the bell housing. Since it is
desirable to apply the compressive force along the ver-
tical axis of the test specimen, shift the beil housing
laterally to bring the ball directly over the axis of the
specimen. Raise the press by means of the motor, align
and seat the bail on the bell housing into the socket in
the proving ring. Then apply just enough pressure to
obtain a perceptible reading on the proving ring gauge.
Read the deformation gauge and record as deformation
under dead load.

4. Connect the air line to the axial cell and ap-
ply lateral pressure to the specimen. The usual lateral
pressures used for a series of tests are 0, 3, S, 10, 15,
and 20 psi. In cases where the load or stress is high
(175 - 180 psi) for the specimen tested at 15 psi lateral
pressure, use 7 psi instead of 20 psi for the last
specimen. The lateral pressure applied by the air will
tend to change the initial reading of the gauge. As the
air pressure is adjusted, start the motor momentarily to
compress the specimen until the deformation gauge
reads the same as recorded in Step 3. Read the proving
ring gauge and enter in load column opposite the initial
deformation reading (Figure 10).

5. The test is ready to be started. Turn on the
motor and read the proving ring dial at each .0l inch
deformation of the specimen. Continue readings until 60
readings have been taken unless failure occurs earlier.
Failure is reached when the proving ring dial readings
remain constant or decrease with further increments of
deformation. In testing specimens with aggregates, the
slipping and shearing of aggregates will cause tem-
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porary decreases in proving ring readings. The test
should be continued until true failure is reached. After
60 readings the cross sectional area of the specimen has
increased so that the subsequent small increase in load
readings is little more than the increase in tension of the
membrane acting as lateral pressure.

6. All of the above procedure applies to the
unconfined specimen except that no air or axial cell is
used. For materials which contain a large amount of ag-
gregate, compact and test two specimens at zero lateral
pressure. Use average of test results unless large rocks
appear to have created point bearing; in this case use
highest value.

G. Obtaining Dry Weight of Specimens and
Stones

1. The specimen and stones are removed from
the cell over a flat tared drying pan. Use a spatula to
clean the material from the inside of cell and stones.
Break up the specimen taking care to lose none of the
material and place the identification tag in the tray.

2. Dry the material to constant weight at a
temperature of 230°F and determine the dry weight.

3. The damp stones are weighed, dried at
140°F and the dry weight obtained. This weight com-
pletes the test procedure.

Calculations

1. Volume of compacted specimen volume

per inch of mold x height of specimen.

2. Calculate dry density of
follows:

specimen as

Dry weight of specimen in pounds
Volume of specimen in cu. ft.

Dry density

3. Molding moisture

Weight of specimen wet - weight of specimen dryx 100
Weight of specimen dry

4. Calculate the percentage of volumetric swell
by the expression:

vg = VA= YM 109

M
Where: Vg = Percentage volumetric swell
Va = Volume of specimen after capillary
absorption
VM = Volume of specimen as molded
‘5. Calculate the moisture before and after

capillarity as follows:
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Where:
Mc = Percent moisture in specimen after
capillarity
Mp = Percent moisture in specimen before
capillarity
Wa-Wgp-W
Mc= A "B "D , 00
Wp
We -We-W
MB = C S D X loo
Wp
Wpa = Wet weight of specimen and stones after
absorption
Wpg = Wet weight of stones
W = Weight of specimen and stones before
capillarity
Wp = Correct oven-dry weight of specimen
Wg = Dry weight of stones

6. Calculate the values of stress and strain-for
each individual specimen from the following relations:

S = dy 100

h
Where:

S = Percent strain

d = Total vertical deformation at the given
instant, measured in inches by deforma-
tion gauge.

h = The height of the specimen in inches,
measured after specimen is removed
from capillarity.

p=Pn. S,

A 100
Where:

p = The corrected vertical unit stress in
pounds per square inch
A correction is necessary because the
area of the cross-section increases as the
specimen is reduced in height. The
assumption is made that the specimen
deforms at constant volume.

P = The total vertical load on the specimen
at any given deformation expressed in
pounds. It is the sum of the applied load
measured by the proving ring plus the
dead weight of the upper stone, loading
block and dial housing.

A = The end area of cylindrical specimen

expressed in square inches at the begin-
ning of test.
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TRIAXIAL COMPRESSION TEST CAPILLARY WETTING DATA o ¢

LAB. NO.

Somple No.

Cell No.

Lbs. of Added Surcharge

Dote Molded

Dote in Air Dryer

Date in Copiliority

Dote out Capillority

Heighth in Copillority

Heighth out Copillority

Weight ofter Air Dry

Dry Weigh! Siones

Dry Weight Somple

Weight Moisture in Somple

% Moisture to Copillarily

Weight ofter Copilloarity

Wet Weight Stones

Wet Weight Sample

Dry Weight Somple

Weight Moisture in Somple

% Moisture ofter Copillority

Remorks:

Figure
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M/D & TRIAXIAL WORK SHEET i

LAB NO.
% HYGRO ALLOWED

Dote Molded
Sample No.

Compactiv 4
Total % Woter

| Pounds Moterio!
Pounds Water Desired

Pounds Hygroscopic Water
Pounds Wolter Added
Tore Weight of Jor
Weight Jor and Waler
Mold No.

We! Wt Specimen 8 Mold
Tare Welight Mold

Wet Welight Specimen
Helight of Mold

Diol Reference

Diol Reoding
Height Specimen

Vol. per Linear Inch

Vol. of Specimen

Wet Density Specimen
Dry Weight Pon B8 Specimen

Tare Weight Pon

Dry Weight Moterlal
Weight Woter

Percent Water on Totol
Dry Density

Guestimated Dry Density

Figure 9
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FORM 1062 TRIAXIAL TEST DATA SHEET June 1962 @
Lab. No. Area Clrcumference Ht. / Stones
Specimen No. i7A Avg. Dig. Stones &
Lat. Pressure # /A Straln Rate =.I15"/min.  New Height
Date Molded ft. Ibs./ cu. in. Compaction
Date Tested Initial Vol. Fino!l Vol. % Vol. Swell
No.Days in Cap._______
# Ring Factor
Deod Load Lbs. Strain » Ot . 0!
DL/A________ Psl New Ht.
molg Uncorrd. % rected|Defor- Uncorrd. % od

.0l 3

02 32

.03 33

.04 .34

.08 3%

.06 .36

.07 37

.08 38

09 .39

10 40

) 41

.12 42

13 43

.14 44

AS 43

.16 46

A7 A7

.18 48

.19 49

.20 .50

21 51

22 52

23 33

24 54

2% 5%

.26 .56

27 87

28 .58

.29 .59

.30 .60

Figure 10
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Graphs and Diagrams

1. Plot the moisture-density curve shown in
Figure 8 of Test Method Tex-113-E.

2. Plot the stress-strain diagram as shown in
Figure 12 when requested.

3. The Mohr's diagram of stress (Figure 13) is
constructed upon coordinate axes in which ordinates
represent shear stress and abscissas represent normal
stress, both expressed as pounds per square inch to the
same scale.

L = Minor principal stress which is the con-
stant lateral pressure applied to the
specimen during an individual test.

V = The major principal stress which is the

ultimate compressive strength or the
highest value of p determined at the
given lateral pressure.

Each individual test will be shown by one stress cir-
cle drawn as follows:

Plot L and V on the base line of normal stress.
Locate the center of each circle a distance of (V + L)/2
from the origin and construct a semi-circle with its
radius equal to (V - L)/2 intersecting the base line at V
and L. Repeat these steps for each specimen tested at
different lateral pressures to provide enough stress
circles to define the failure envelope on the Mohr's
diagram.

Draw the failure envelope tangent to all of the stress
circles. Since it is practically impossible to avoid com-
pacting an occasional specimen that is not identical with
the other specimens in the same set, disregard any
stress circle that is obviously out of line when drawing
the tangent line.

Classification of Material

Transfer the envelope of failure on to the chart for
classification of subgrade and flexible base materials
(Figure 14) and classify the material to the nearest one-
tenth of a class. When the envelope of failure falls be-
tween class limits, select the critical point or weakest
condition on the failure envelope. Measure the vertical
distance down from a boundary line to the point to ob-
tain the exact classification (3.7) as shown in Figure 14.

Reporting Test Results

Report the soil constants, grading and Wet Ball Mill
Value for the aggregate on Form 476-A. Summarize test
results on Triaxial Test Summary Sheet, Figure 15, and
strength classification plotted as given in Figure 14.

10
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PART 11

ACCELERATED METHOD FOR TRIAXIAL
COMPRESSION OF SOILS

This accelerated procedure is based on a correla-
tion with the standard method for Triaxial Compression
Test, Part 1., performed on a large number of different
types of soils. Generally it is intended to use the ac-
celerated test to control the quality of base materials of
group (d) during stockpiling and in such cases roadway
samples will not necessarily be considered to be
representative,

Procedure

1. Prepare all materials in accordance with
Test Method Tex-101-E, Part II.

2. Determine the optimum moisture and max-
imum density as outlined in Test Method Tex-113-E with
the following addition that materials having a PI of 20 or
above and containing aggregate; wet the portion pass-
ing the No. 10 sieve and retained on the No. 20 sieve
with the aggregate.

3. Group the soils into five general types of
materials and treat as follows:

a. Fine granular materials with plasticity in-
dex less than 5.

b. Very low swelling soils with plasticity in-
dex of 5 through 11.

c. Swelling subgrade soils, plasticity index
of 12 or more.

d. Flexible base and subbase materials with
considerable amounts of aggregate.

e. Combination soil types.

Group (a)

Fine Granular Materials with Plasticity Index
Less Than 5

1. Mold 6 specimens 6 inches in diameter and
8 inches in height at the optimum moisture and density,
using the same compactive effort that was specified in

Test Method Tex-113-E.

2. Cover the specimen (with stones in place)
with a triaxial cell immediately after removing from
mold and allow to set overnight undisturbed at room
temperature. Do not dry cure or subject specimens to
capillary absorption.

3. Test the specimens at the usual lateral
pressures.
4. Calculate unit stress,

plot diagrams and
classify material.



Group (b)
Very Low Swelling Soils with Plasticity Index of § thru 11

1. Compact a set of 6 identical specimens at
the optimum moisture and density condition.

2. Use filter paper, lead surcharge weights and
air pressure for lateral support and subject the
specimens to capillary absorption overnight as de-
scribed in Section D of Part 1.

3. The next morning, remove filter paper and
test the specimens at the usual lateral pressure shown
above. Calculate unit stress, plot diagrams and classify
material.

Group (¢)
Swelling Subgrade Soils, Plasticity Index of 12 or More.

1. Obtain the plasticity index and hygroscopic
moisture of these so0ils in advance of molding specimens.

2. Determine the optimum moisture and dry
density of the materials as outlined in Test Method Tex-
113-E, using the compactive effort specified in Test
Method Tex-113-E under Compactive Effort.

3. Calculate the molding moisture to use as
follows: Percent Molding Moisture (1.4 x optimum
moisture) - 2.2.

4. Obtain the desired molding density from the
following expression:

Molded Dry Density = Optimum dry density (Step 2)
1 + percent volumetric swell
100

To determine the percent volumetric swell to be ex-
pected, use average condition in chart shown in Figure
11 or soil pressure Slide Rule. If Slide Rule is available,
use A) Scale, an infinite thickness of layer and the
plasticity index of the soil. It is important to modify the
percent volumetric swell by multiplying by percent soil
binder divided by 100 to obtain the percent volumetric
swell to be expected.

5. Use the moisture content (Step 3), vary the
compactive effort {usually 25 blows per layer will suffice
on most materials) until the desired density (Step 4) is
obtained and mold a set of six specimens. Where this
moisture content is too great to permit the desired den-
sity, reduce the molding water slightly (usually about
1%) and continue molding. The specimens, being in
capillarity overnight, will pick up this moisture that was
left out.

6. When the six specimens have been molded,
they are put to capillary absorption (as in Part I) over-
night. Test at the usual lateral pressures and classify.

1
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Group (d)
Flexible Base and Subbase Materials With Aggregate

1. When classification is required, weigh out
enough material to mold 6 or more specimens, in in-
dividual pans, keeping the portion passing the No. 10
sieve separate. Sprinkle all the soaking water on the +
No. 10 aggregate portion in the mixing pan and allow to
soak for four or more hours. The scaking water is the
optimum moisture as determined in Tex-113-E except,
where the flat top curve exists, then the soaking water
should be the amount of the left side or dry side of the
flat portion.

2. When desired in testing base and subbase
materials with aggregates, the iollowing procedure may
be used where strengths are required. Begin the M-D
curve as outlined in Test Method Tex-113-E and mold at
least 2 specimens on the dry side of optimum moisture
with the second specimen being slightly below optimum
moisture. Weigh out the plus No. 10 portion of 9
specimens in individual pans and sprinkle the water as
determined to be just below optimum moisture on each
specimen then stir so as to wet the aggregates
thoroughly. As each pan is we!, weigh the contents to
obtain the weight of pan + soil + water and record.
Cover with a lid or suitable ~over and stir contents
every hour (or 3 times). Conlinue molding the M-D
curve until optimum moisture and density are deter-
mined. The difference between coptimum moisture and
the water the specimens were sprinkled with must be
added to the + 10 material in the pans. if in the event
the specimens have been wet with only shghtly more
than optimum, they may be dried back at room
temperature, by stirring, to the desired weight.

3. Replace any evaporated water, add in the
material passing No. 10 sieve, mix and compact.
Materials which can be compacted to the desired densi-
ty without the addition of more water, should be molded
at optimum moistures + 0. 1%. Many materials require
the addition of small amounts of moisture to obtain the
desired density. If needed, add in the required amounts
of additional water (by trial and error method) until the
desired density is obtained and compact a set of eight
specimens using 13.26 ft. lbs. per cu. in. effort. The in-
tent of this technique is to use the minimum amount of
moisture equal to or above optimum moisture that will
produce a set of accelerated test specimens whose
average density is within 172 Ib per cu. ft. of the max-
imum cubic foot density of the original moisture density
curve. It should be noted that excessive densities can
sometimes be obtained in the accelerated set but these
are almost always very wet specimens and their resultant
strengths can be misleading.

4. Subiject specimens to overnigh! capiilarity.
5. Test and if required classily in accordance

with Part 1. If strengths at zero and 15 lb lateral
pressures are specified, test five specimens at zero
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lateral confinement and three at 15 b lateral conlfine-
ment and average the three highest values for each state
of conlinement for the control values.

Note: When strengths at zero and 15 psi lateral
pressures are specified, it is permitted to run correlation
tests on a given source of material,

The correlation shall be as follows: As soon as three
satisfactory accelerated test specimens have been mold-
ed in accordance with Paragraph 2 above, two of them
will be tested at zero lateral pressure and the results
averaged s one test. The third specimen will be tested
at 15 psi lateral pressure. If these specimens pass it is
safe to assume the set to be tested the next day will

pass.
Group (e)
Combination Soil Types

This group includes all materials with enough soil
binder to separate the aggregate particles or overfill the
voids of the compacted specimen. For example, if the
material is a clay gravel with high plasticity index, treat
the material as a swelling soil, and allow the + No. 20
material to soak a minimum of 4 hours as do aggregate
materials. It should be noted that the total swelling is
figured only for that part passing the No. 40 sieve.
Other combinations must be recognized and tested in
the proper group. Subject all specimens to overnight
capillarity, test and classify.

Notes:

When testing aggregate materials under Part II
where classification is required, test two specimens at 0
psi and the others at 3, 5, 10 and 15 psi. Average the
result of the zero lateral pressure tests as one value.
Fine grain soils are classified using lateral pressures of
0, 3.5, 10, 15 and 20 psi.

Reporting Test Results

The reports and forms are the same as given in Part
1 of this procedure.

Pavement Design Notes:

After materials have been classified in accordance
with Part 1 or Part Il and cohesiometer values for
stabilized layers and surfacing have been determined,
the following steps should be followed for the thickness
design:

1. Obtain from the Transportation Planning
Division, D-10, the current and projected traffic data.

2. Select a design wheel load from D-10, traffic
data, and known local conditions. Consideration should
be given to increasing the design wheel load by 30 per-

Test Method Tex-117-E
Rev: December 1982

cent if traffic is anticipated to have over 50 percent
tandem axles. Use Figure 16 to calculate total depth of
pavement to protect the subgrade.

3. Reduce total depth of pavement by using
Figure 17 whenever stabilized layers are used in the
pavement structure. Enter above depth on ordinate of
Figure 17 and follow across page until intersection of
cohesiometer value selected (see below) for use is
reached, then project to abscissa to read reduction in
depth due to bridging effects.

Standard cohesiometer values (corrected to repre-
sent values from 3-inch height specimens) are used with
Figure 17 regardless of thickness of stabilized layer ex-
cept where asphaltic mixtures are used. The modifica-
tion of cohesiometer values for 3 inch high specimens
for application to other thicknesses of asphaltic mixtures
is obtained by the following formula:

Cm = C x t2
9

Cm = Modified cohesiometer value
C

= Standard cohesiometer value for a
3-inch height specimen

t = Proposed thickness of Bituminous Mix-
tures in inches

4. The load frequency design factor can be ob-
tained from the tabulation in Figure 18. The depth ob-
tained in Step 3 is then multiplied by this factor and
used with the Flexible Base Design Chart in Figure 16
to design each course of the pavement structure.

S. Figure 19 presents data which was inter-
preted from good engineering practice supplemented by
utilizing the AASHTO Road Test data and is a sug-
gested method for determining the thickness of surface
courses.

Limitations:

1. For a 6 inch or greater layer thickness, use
a value of 6 in. in the formula for t.

2. When adjacent layers of stabilization and
asphaltic concrete are used, the cohesiometer value to
be used with Figure 17 should be equal to the sum of
the standard cohesiometer value for the stabilized layer
and the modified cohesiometer value.of the asphaltic
concrete. When two adjacent layers of stabilization are
used, or if a layer of untreated flexible base material ex-
ists between asphaltic concrete and a stabilized layer
only the greater of the two cohesiometer values should
be used in Figure 17. Considerable caution and good

13
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engineering judgement should be used in selecting
cohesiometer values for use in reduction of base depths.
This is especially true in cases where hot mix-cold laid
asphaltic concrete is bid as an alternate to hot mix
asphaltic concrete laid hot. In the case of stabilized
bases, subbases and subgrades, average values rather
than highest values should be selected for use in Figure
17.

General Notes:

1. Wetted stabilized materials taken from the
roadway during construction should be screened over a
No. 4 sieve at the field molsture content without drying.
Each of these two sizes is mixed for uniformity and
weighed. Specimens are then weighed and recombined
with like amounts of plus No. 4 material. Moisture can
be adjusted in each specimen by adding to the plus No.
4 material or removing from the minus No. 4 material
by a fan, as needed.

A-120
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2. See appropriate test method listed below for
testing wetted stabilized materials taken from the road-
way during construction.

a. Cement Stabilization: Test Method Tex-
120-E

b. Lime Stabilization: Test Method Tex-121-E

In any event, the stabilized material should not be
completely air dried as outlined in Test Method Tex-
101-E.

3. When molding a set of IPE specimens for
testing lime stabilized subgrades and base materials,
refer to Figure 3 in Test Method Tex-121-E for the
recommended amounts of lime to be used.
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TABLE NO. —_
Lab No. County Highway_________Project
Material Identification
Description
Opt. Moist.—____Opt. Dry Density______at Comp. Effort __ft-Ibs./cu. in.
Molding Data Curing_Data Testing_l_)crta

ter tent

Capiliory  After After Applied |Ultimate
Water Moisture Drying | Copillary | Lateral Compressive Percent | Percent
Specimen Percent Dry Den:ityl Time |Percent Dry Absorption Pressure | Strength | Stroin at Volumetric
No. |Ory Weight Lbs./CuFt Doys | Weight % Dry Wt PSI PSI Ultimate | Swell
Figure 15
-18-
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CRITERIA FOR OBTAINING THE LOAD-FREQUENCY DESIGN FACTOR

Total Equivalent 18,000 Pound Design Wheel Load *Load Frequency
Single Axle Load Applications in Pounds (ADTHWL) Design Factor
14,00 6,000 0.65
25,000 6,200 0.70
38,000 6,300 0.75
61,000 6,500 0.80
100,000 6,800 0.85
150,000 7.200 0.90
250,000 7,900 0.95
400,000 8,700 1.00
600,000 9,500 1.05
1,000,000 10,900 1.10
1,500,000 12,000 1.15
2,500,000 13,500 1.20
4,000,000 14,900 1.25
10,000,000 17,300 1.35

*A load-frequency design factor less than 1.0 is not recommended for the design of the main
lanes of a controlled access highway.

Figure 18
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SUGGESTED MINIMUM THICKNESSES OF SURFACE COURSES

INCHES
Total Equivalent When Tests Show Materials to be
18 Kip Single Axle Specifications Grades® of Base Materials Item 248
Load Applications
Grade 1 Grade 2 Grade 3°*
14,000 ST ST ST
25,000 ST ST ST
38,000 ST ST ST
61,000 ST ST 1172
100,000 ST 1172 2
150,000 ST 1 34 2172
250,000 1 1/4 2 3 Not recommended
400,000 1172 21/4 3172 for use except
600,000 1 3/4 2172 4 Y where availability
1,000,000 2 3 4172 of better base
1,500,000 2172 3172 5 materials is very
2,500,000 3 .4 S 172 expensive
4,000,000 3172 4172 6
10,000,000 41/2 5 1/2 7

*lt is assumed that the material in question is no better than the grade shown.
**Exclusive of Cohesionless Materials.
Notes: ST denotes surface treatments.
Stage construction of surfacing permitted if
traffic studies indicate slow development of
axle load equivalencies.

Figure 19
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MODIFIED TRIAXIAL DESIGN PROCEDURE FOR USE

WITH THE FLEXIBLE PAVEMENT DESIGN SYSTEM (FPS)

The modified triaxial procedure presented herein is intended
to supplement the Department's computerized Flexible Pavement

Design System (FPS) . FPS is outlined in Texas State Department

of Highways and Publigc Transportation, Pavement Design ESystem,
Part ], Elexible Pavement Designer's Manual, Highway Design
Division, 1972 (Revised through May 1983). The modified triaxial
procedure is briefly‘delcribod on page 1R.3 of the FPS manual.
It is recommended that all flexible pavement designs generated by
the use of FPS be checked by this procedure.

The specific purpose of the modified triaxial procedure is
to insured that all pavement design strategies prcoposed for
construction have enough overall thickness to protect the
subgrade against a compressive failure.

FPS uses the number of repetitions of an 18-KSAR equivalent
wheel load as its primary traffic input. On low truck-traffic
highways such as state highways, farm-to-market roads and urban
system projects, it is frequently found that the number of
repetitions of the 18-KSR equivalents is quite low while the
wheel loads may be normal or greater than normal. - From this it
is apparent that FPE has the potential to generate pavement
design strategies with an overall or equivalent pavement
thickness which would not satisfy triaxial requirements.

Figure 1, Typical Three Layer Pavement Structure, depicts a
pavement structure and the critical subgrade element which must

be protected against compressive failure. The several ways of
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reducing the compressive stress on the subgrade are to increase
(1) basme course thickness,
(2) surfacing course thickness, or
(3) the rigidity of the upper layers (E and E .
This, in effect, is saying that the overall thi;kness iust be
increased or the layerd materials must‘be made more rigid.

“The modified triaxial procedure proposed here is a
modification of Test Method Tex~-117-E as cutlined in the
Department's Manual of JTesting Procedures. In addition to the
modifications, a step-by—-step procedure and example problem are
presented.

Traffics Traffic data for pavement design should

be obtained from File D-10P of the Transportation Planning
Division. For this procedure, the traffic elements rneeded are
Average of Ten Heaviest Wheel Loads Daily (ATHWLD), and the
percentage of the trandem axles in the ATHWLD, Figure 2, Tandem
Axle Loads, shows an elementary diagram of atress distribution

for tandem wheel loads. The diagram indicates a zone of combined
stresses or an area where the combined effect on the subgrade is
greater when the wheel loads are in a tandem arrangement. It is
generally accepted that wheel loads in a tandem arrangement
deflect or compress the subgrade layer about 30 perent more than
a single wheel 1load, thus a factor of 1.3 is used to modify

ATHWLD values where there is 50 percent or more tandem axles in

the ATHWLD.
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Subgrede Trigexial Class: An estimate of subgrade triaxial
class by someone knowledgesble ias all that is expected in thias
modified procedure. This is one of the major modifications to
the procedure.

Cohesjiometer Value: Credit in terms of overall thick-
ness reduction must be allowed for stabilized and bound materials
.uch.;c asphaltic concrete pavemant, gaphalt stabilized base,
cenant stabilized base, lime stabilized subgrade, etc., if these
premium-priced materials ere to compete with the unbound
materials such as flexible base, foundation course, etc. The
atabilized materials are generally acknowledged to be "stronger"
than their counterparts and this cohesiometer credit must be used
to justify their increased cost. Cohesiometer values can be
taken from previous testing, from Teble 1 of this paper, or from
an sstimation by knowledgeable persons, or & combination thereof.
It should be noted that the values of Table 1 are modified valuea
to be used directly with Figure 17 of the Teat procedure. Values
obtained othervise may need to be modified according to the
formula on page 13 of the Test procedure.

koad Ereguency Design Esctor: The Load Frequency
Design Factor (LFDF) for this procedure is to be used as 1.0.

The FPS solutionas consider the effects of traffic repetitions
(18-KSA); therefore, this aspect of the triaxial design procedure
can be modified. The step considering the Load Frequency Deaign
Factor can be bypassed since this factor is assigned the value of

unity.
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A Step-by-Step Modified Design - Analysis Procedure:

1. Obtain the ATHWLD and percent tandem axles in
the D-10P traffic analysis. If the percentage of
tandem axles in the ATHWLD is equal to or greater
than 350 percent, then

Design Wheel Load = 1.3 X ATHWLD.
If the percentage of tandem axles in the ATHWLD is
less than 50 percent, then

Design Wheel Load = ATHWLD.

2. Determine a Subgrade Triaxial Class for the aub-
grade material under consideration.

3. Obtain the pavement structure design as determined
by the Flexible Pavement Design System (FPS) and
determine the total thickness of pavement structure
materijal proposed by FPS. Designate this thickness
as T . Examine the proposed FPS design for
-tabfffzod layers which would be eligible for co-
hesiometer credit. If more than one layer is sta-
bilized, select only the layer that will allow the
largest amount of cohesiometer credit and note

this value. 1If there are no stabilized layers in

the FPS design, skip Step S.

4. With the Subgrade Triaxial Class and the Design Wheel

Load enter Figure 16, Flexible Base Design Chart from

the Test procedure and determine the required thickness

of better material or required subgrade cover.

Deaignate thia aa T .
R
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S. Using the previously required thickness of better
aaterial, T , determined in Step 4 and the modified
coh.cionot.: value for the cohesive layer selected in
Step 3 proceed to Figure 17 Thickness Reduction Chart
For Stabilized Layers, from the Teat procedure and
determine the allowable reduction in pavement structure
thickness due to the cohesive layer. Designate thias
value as AR. Subtract AR from T and designate
this value as T . i

6. For the d.-ign.uwithout stabilized layers, compare the
total thickness of pavement structure material
deterained by this triaxial procedure (T :T .

FPS R
If the FPS thickness is less than that determined by
the triaxial procedure, it is recommended that the
thickness be adjusted to comply with the value obtained
by triaxial procedures.
For those FPS designs with stabilized layers for

which cohesiometer credit was given, compare the total

thickness T with the modified triaxial thick-
FPS

ness (T :T ). If the modified triaxial

FPS M
thicknees is greater than the total thickness of the
FPS design, it is recommended that the thickness be
adjusted to comply with the value obtained by triaxial

procedures.
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Recommendations: It is recommended that all designs
generated by the Flexible Pavement Design System be checked
against this modified triaxial procedure to assure that adequate
cover is provided over the subgrade to protect against
compressive failures of the subgrade resulting from the Design
WVheel Load.

"It is expressly recommended that this modified procedure
not be used as the sole design procedure.

If triaxial procedures are to be used exclusively, it is
specifically recommended that the procedure designated as Teat

be used.
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Wheel

llllll Load Tandem Axle Group

Surfacing - Ej

Base - E2

/4 /) 4 AN

Zone of Combined Stresses

Subgrade - Ej

Typical Three Layer Pavement
Structure ' Tandem Axle Loads

Figure 1 Figure 2

Table 1

Modified Cohesiometer

Material Type Value (Cp)

Lime Treated Base greater than 3" thick 300
Lime Treated Subgrade greater than 3" thick 250
Cement Treated Base greater than 3" thick 1000
Cold Mixed Bituminous Materials greater than

3" thick 300
Hot Mixed Bituminous Materials greater than

6" thick 800

Hot Mixed Bituminous Materials 4" to 6" thick 550
Hot Mixed Bituminous Materials 2" to 4" thick 300

Note: Use cohesiometer values from Table 1 if other
information is not available.
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EXAMPLE PRQBLEM

STEP_L1_-_TRAFFIC_DATA
ATHWLD = 10,000 lbs.
% Tandems in ATHWLD = &0%

Design Wheel Locad = 1.3 X 10,000 = 13,000 1lbs,

Subgrade Triaxial Class = 5,0

Determined by Consultation With Laboratory
Engineer

3" Asph. Conc. Pav. (ACP)
6" Cement Treated Base (CTB)

A" Flexible Base

T = 17"
FPS
c = 1000 (From Table 1 - CTB)
M
SIEP_4_=-_REQUIRED THICKNESS

Design Wheel Lcad = 13,000 lbs.
Subgrade Triaxial Class = 5.0

T = 20.5" (From Figure 16)
R
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T = 20.5" (From Step 4)
R

c = 1000 (From Step 3)
M

AR = 7.2" (From Figure 17)
T = T -AR
M R

T = 20- 5“ - 7- E"

T = 13.3"

Compare T 1 T
FPS ™

T = 17" (Step 3)
FPS

T = {3.3% (Step 5)
M

T Greater than T
FPS m

FPS Design is Okay.
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