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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 
11 slab-like" 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 
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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 11 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. Mixture 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: 

I. Planning 
2. Preliminary Design 

3. Programming (Funding) 
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4. Detailed Design 
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 progra~ning or funding stage. In the previously noted life cycle 
of a pavement 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 "applicability" 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 

- 3 -



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. 

~1IXTURE 

DESIGN 

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, Illinois, 
in the late 1950 1 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 Single Axle 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 (TTl) for a research task to adapt findings of the 
AASHO Road Test to Texas conditions. This task at TTl 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 
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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 
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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, 
11 lmplementation 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: l, 8, 11, 15, and 21, as noted on Figure 1. 

Trial implementation and proqram debuqqinq of FPS-11 continued until June. 
1974 when a statewide implementation of the Flexible Pavement Desiqn 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), Reqional and Washinq­
ton, D. C. personnel. Out of a total of 244 persons attendinq the schools, 
70 percent were enqineers and 30 percent were technicians. 

Revision of the Hiqhwav Desiqn Division Operations and Procedures Manual 
in Auaust. 1974. included the Flexible Pavement Desiqn Svstem (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. 
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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: 

1. lnitital construction cost, 
2. Overlay construction cost, 
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. 

2 

3 

4 

5 

Category 
Project Identification (8) 
Project Comments (1) 
Basic Design Criteria (6) 
Program Controls and Constraints (5) 
Traffic Data (8) 
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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 serviceab·ility 

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, 11 FPS-ll Flexible Pavement System Computer Program Docu­
mentation, .. by Orellana (Ref. 5). 

One of the best learning procedures for FPS is the sensitivity study (by 
the user) involving the major inputs. Many applications of sensitivity study 
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 11 What if11 study. 
What if the subgrade coefficient is changed, the base coefficient, the traffic, 
etc. But in every instance, only one 11 What if 11 should be studied at a time 
or the response will not be clear. The sensitivity study and the 11 What if 11 study 
appear to be the same except that the sensitivity study is usually better organ­
ized and yields better results. With sufficient sensitivity study work in 
advance, the 11 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 ~he 
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 pesirable 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 limits 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 limits, 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 Oynaflect 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 Oynaflect measure-
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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, 11 An Empirical 
Equation for Predicting Pavement Deflections .. by Scrivner and l'~oore (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 11 Traffic Analysis for Highway 
Design 11 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 infonnation which can be obtained from a Dynaflect measurement. 
The deflection basin shape, defined by surface deflections w1 through w5 
is the basic measurement with the Surface Curvature Index {SCI) being direct-
ly obtainable by subtracting w1 - w2. 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 Oynaflect Stiffness 
Coefficient program in Example la through ld shows the w1 through w5, SCI, AS2, 
and AP2 values previously noted. The overall pavement structure depth is a 
11 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 la 

TEXAS HIGHWAY DEPARTMENT 

DISTRICT 68 -DESIGN SECTION 

DYNAFLECT DEFLECTIONS AND CALCULATED STIFFNESS COEFFICIENTS 

THIS PROGRAM WAS RUN - 07-22-82 

************************************************************************************ 

DIST. 
68 

PROJECT IDENTIFICATION 

COUNTY 
HARD ROCK 

CONT. SECT. PPSN 

REASONS FOR MEASUREMENTS AND COMMENTS 
ss -

HIGHWAY 
IH 102 

DATE 
05-04-82 

DYNAFLECT 
48 

TOTAL PAV DEPTH 
20.10 INCHES 

************************************************************************************ 

EXISTING PAVEMENT 

MATERIAL TYPE 

HMAC TY D 
HMAC TY C 
2 CR SURF TR 
FB CR LIMESTONE 
FC SANDY GRAV. 

LAYER THICK.(IN) 

1. 50 
2.00 
0.60 

10.00 
6.00 

************************************************************************************ 

GENERAL LOCATION INFORMATION 

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

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

ODOMETER READING MILEPOINT 

************************************************************************************ 
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Example lb 

OIST. COUNTY CONT. SECT. PPSN HIGHWAY DATE DYNAFLECT 
68 HARD ROCK IH 102 05-04-82 48 

DYNAFLECT DATA 

ODOMETER W1 W2 W3 W4 W5 SCI AS2 AP2 REMARKS 

9711.4 0.580 0.360 0.260 0.210 0.200 0.220 0.30 0.46 0 5/8 0 3/4 0 
9711.5 0.310 0.130 0.050 0.020 0.010 0.180 0.45 0.45 0 3/4 0 7/8 0 
9711.6 0.230 0.140 0.100 0.070 0.060 0.090 0.35 0.55 0 3/4 0 3/4 0 
9711.7 0.330 0.220 0.140 0.090 0.080 0.110 0.31 0.54 0 3/4 0 3/4 0 
9711.8 0.310 0.160 0.080 0.040 0.030 0.150 0.37 0.48 0 3/4 0 1/2 0 
9711.9 0.220 0.110 0.060 0.040 0.030 0.110 0.41 0.51 0 3/4 0 1/2 0 
9712.0 0.260 0.130 0.060 0.030 0.030 0.130 0.40 0.50 0 3/4 0 1/2 0 
9712.1 0.320 0.180 0.120 0.080 0.070 0.140 0.35 0.49 0 3/4 0 5/8 0 
9712.2 0.290 0.170 0.100 0.060 0.050 0.120 0.35 0.51 
9712.3 0.410 0.270 0.230 0.140 0.130 0.140 0.30 0.51 
9712.4 0.290 0.130 0.070 0.040 0.030 0.160 0.43 0.47 
9712.5 0.290 0.160 0.100 0.070 0.060 0.130 0.36 0.50 MP 47 
9712.6 0.290 0.150 0.080 0.060 0.050 0.140 0.38 0.49 
9712.7 0.480 0.320 0.200 0.120 0.080 0.160 0.29 0.50 
9712.8 0.210 0.120 0.070 0.040 0.030 0.090 0.37 0.54 
9712.9 0.330 0.170 0.100 0.060 0.050 0.160 0.37 0.48 
9713.0 0.220 0.120 0.070 0.040 0.030 0.100 0.38 0.53 
9713.1 0.290 0.160 0.120 0.070 0.060 0.130 0.36 0.50 
9713.2 0.160 0.090 0.060 0.030 0.020 0.070 0.39 0.57 s = 45 
9713.3 0.220 0.110 0.090 0.040 0.030 0.110 0.41 0.51 
9713.4 0.350 0.160 0.090 0.050 0.050 0.190 0.40 0.45 
9713.5 0.260 0.130 0.080 0.040 0.030 0.130 0.40 0.50 MP 46 
9713.6 0.190 0.110 0.070 0.040 0.030 0.080 0.38 0.56 
9713.7 0.260 0.140 0.080 0.050 0.040 0.120 0.37 0.51 
9713.8 0.240 0.130 0.090 0.060 0.050 0.110 0.38 0.52 
9713.9 0.210 0.130 0.090 0.060 0.050 0.080 0.35 0.56 
9714.0 0.250 0.170 0.110 0.080 0.070 0.080 0.32 0.58 
9714.1 0.380 0.190 0.100 0.060 0.050 0.190 0.37 0.46 
9714.2 0.410 0.280 0.210 0.150 0.120 0.130 0.30 0.53 
9714.3 0.590 0.330 0.200 0.130 0.110 0.260 0.31 0.44 
9714.4 0.440 0.240 0.160 0.110 0.090 0.200 0.34 0.46 
9714.5 0.460 0.280 0.190 0.130 0.110 0.180 0.31 0.48 MP 45 
9714.6 0.420 0.240 0.190 0.130 0.120 0.180 0.33 0.47 
9714.7 0.350 0.200 0.150 0.120 0.110 0.150 0.34 0.49 
9714.8 0.380 0.200 0.130 0.090 0.080 0.180 0.35 0.46 
9714.9 0.460 0.250 0.170 0.110 0.100 0.210 0.34 0.45 
9715.0 0.440 0.230 0.150 0.100 0.080 0.210 0.35 0.45 
9715.1 0.530 0.270 0.150 0.090 0.080 0.260 0.34 0.43 PATCH 
9715.2 0.570 0.340 0.230 0.170 0.140 0.230 0.30 0.45 
9715.3 0.750 0.510 0.380 0.320 0.260 0.240 0.27 0.47 
9715.4 0.950 0.600 0.440 0.360 0.290 0.350 0.27 0.42 PATCH 
9715.5 0.770 0.530 0.400 0.320 0.250 0.240 0.26 0.47 MP 44 
9715.6 0.700 0.490 0.390 0.310 0.250 0.210 0.26 0.49 PATCH 
9715.7 0.710 0.470 0.360 0.300 0.240 0.240 0.27 0.46 
9715.8 0.680 0.460 0.350 0.280 0.230 0.220 0.27 0.47 S= 59 
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Example lc 

DIST. COUNTY CONT. SECT. PPSN HIGHWAY DATE DYNAFLECT 
68 HARD ROCK IH 102 05-04-82 48 

DYNAFLECT DATA 

ODOMETER W1 W2 W3 W4 W5 SCI AS2 AP2 REMARKs· 

9715.9 0.490 0.350 0.280 0.220 0.170 0.140 0.28 0.53 
9716.0 0.600 0.370 0.260 0.200 0.160 0.230 0.29 0.46 
9716.1 0.660 0.440 0.330 0.270 0.210 0.220 0.28 0.47 
9716.2 0.620 0.410 0.280 0.220 0.170 0.210 0.28 0.47 
9716.3 0.690 0.420 0.270 0.190 0.150 0.270 0.29 0.44 
9716.4 0.580 0.380 0.280 0.200 0.160 0.200 0.29 0.48 
9716.5 0.500 0.300 0.200 0.140 0.110 0.200 0.31 0.47 MP 43 
9716.6 0.460 0.270 0.180 0.120 0.100 0.190 0.32 0.47 
9716.7 0.560 0.340 0.230 0.170 0.130 0.220 0.30 0.46 
9716.8 0.470 0.270 0.180 0.120 0.110 0.200 0.32 0.46 
9716.9 0.720 0.400 0.210 0.160 0.130 0.320 0.30 0.42 
9717.0 0.550 0.330 0.220 0.180 0.120 0.220 0.30 0.46 
9717.1 0.440 0.270 0.200 0.130 0.100 0.170 0.31 0.48 
9717.2 0.470 0.230 0.110 0.060 0.050 0.240 0.36 0.43 
9717.3 0.680 0.450 0.290 0.180 0.130 0.230 0.28 0.47 
9717.4 0.550 0.290 0.160 0.090 0.080 0.260 0.33 0.43 
9717.5 0.570 0.250 0.120 0.070 0.060 0.320 0.38 0.40 MP 42 
9717.6 0.600 0.310 0.170 0.100 0.080 0.290 0.33 0.42 
9717.7 0.710 0.350 0.170 0.100 0.070 0.360 0.33 0.40 
9717.8 0.370 0.190 0.120 0.080 0.070 0.180 0.36 0.46 
9717.9 0.420 0.200 0.150 0.070 0.060 0.220 0.38 0.44 
9718.0 0.330 0.170 0.100 0.060 0.050 0.160 0.37 0.48 TRAP ROCK 
9718.1 0.630 0.340 0.190 0.100 0.080 0.290 0.32 0.42 
9718.2 0.460 0.280 0.190 0.120 0.090 0.180 0.31 0.48 TRAP ROCK 
9718.3 0.460 0.250 0.150 0.090 0.070 0.210 0.34 0.45 
9718.4 0.410 0.210 0.130 0.080 0.060 0.200 0.36 0.45 
9718.5 0.570 0.310 0.160 0.080 0.070 0.260 0.32 0.43 MP 41 
9718.6 0.410 0.210 0.120 0.080 0.070 0.200 0.36 0.45 
9718.7 0.360 0.210 0.140 0.100 0.070 0.150 0.33 0.49 
9718.8 0.420 0.230 0.140 0.080 0.070 0.190 0.34 0.46 MP 40.7 
9718.9 0.360 0.230 0.160 0.100 0.080 0.130 0.32 0.52 0 1/2 0 1/2 0 
9719.0 0.460 0.260 0.150 0.090 0.070 0.200 0.33 0.46 0 3/4 0 1/2 0 
9719.1 0.450 0.250 0.160 0.090 0.080 0.200 0.33 0.46 0 1/2 0 1/4 0 
9719.2 0.550 0.280 0.150 0.100 0.080 0.270 0.34 0.42 0 3/4 0 5/8 0 
9719.3 0.480 0.260 0.150 0.090 0.080 0.220 0.33 0.45 0 1/2 0 3/8 0 
9719.4 0.440 0.230 0.140 0.090 0.070 0.210 0.35 0.45 0 3/4 0 3/4 0 
9719.5 0.400 0.220 0.150 0.090 0.080 0.180 0.34 0.47 0 5/8 0 114 0 
9719.6 0.410 0.230 0.160 0.090 0.070 0.180 0.34 0.47 MP 39.9 
9719.7 0.460 0.250 0.140 0.090 0.070 0.210 0.34 0.45 
9719.8 0.500 0.270 0.160 0.110 0.080 0.230 0.33 0.44 
9719.9 0.430 0.200 0.140 0.090 0.070 0.230 0.38 0.43 S= 43 
9729.5 0.400 0.210 0.120 0.070 0.050 0.190 0.35 0.46 STA 116+00 
9729.6 0.430 0.220 0.140 0.080 0.070 0.210 0.35 0.45 
9729.7 0.510 0.270 0.160 0.100 0.080 0.240 0.33 0.44 
9729.8 0.340 0.170 0.090 0.050 0.050 0.170 0.38 0.47 
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Example ld 

DIST. COUNTY CONT. SECT. PPSN HIGHWAY DATE DYNAFLECT 
68 HARD ROCK IH 102 05-04-82 48 

DYNAFLECT DATA 

ODOMETER W1 W2 W3 W4 W5 SCI AS2 AP2 REMARKS 

9729.9 0.510 0.260 0.160 0.100 0.080 0.250 0.34 0.43 
9730.0 0.510 0.300 0.210 0.140 0.110 0.210 0.31 0.46 MP 39 
9730.1 0.360 0.210 0.130 0.080 0.070 0.150 0.33 0.49 
9730.2 0.410 0.260 0.190 0.130 0.100 0.150 0.31 0.50 
9730.3 0.490 0.320 0.230 0.160 0.120 0.170 0.29 0.49 
9730.4 0.460 0.320 0.230 0.150 0.110 0.140 0.29 0.52 
9730.5 0.710 0.510 0.370 0.270 0.180 0.200 0.26 0.50 CRACK IN PAVEMENT 
9730.6 0.550 0.360 0.270 0.170 0.130 0.190 0.29 0.48 
9730.7 0.370 0.230 0.170 0.100 0.080 0.140 0.32 0.50 
9730.8 0.640 0.400 0.260 0.170 0.120 0.240 0.29 0.45 END = STA 50+00 
9730.8 0.630 0.380 0.250 0.160 0.110 0.250 0.30 0.45 STA 50+00 EXIT37WBL 
9730.9 0.580 0.380 0.260 0.160 0.100 0.200 0.29 0.48 
9731.0 0.420 0.250 0.150 0.080 0.060 0.170 0.32 0.48 MP 38 
9731.1 0.970 0.650 0.480 0.350 0.240 0.320 0.26 0.44 
9731.2 0.610 0.590 0.490 0.360 0.250 0.020 0.18 1.13 
9731.3 0.680 0.370 0.220 0.140 0.100 0.310 0.31 0.42 
9731.4 0.730 0.430 0.270 0.180 0.130 0.300 0.29 0.43 
9731.5 0.660 0.350 0.200 0.120 0.100 0.310 0.32 0.42 
9731.6 0.740 0.370 0.190 0.120 0.090 0.370 0.32 0.40 END OF JOB INTERCHAN 

AVERAGES 0.470 0.275 0.181 0.122 0.097 0.194 0.33 0.48 
STANDARD DEVIATION 0.066 0.04 0.07 
NUMBER OF POINTS IN AVERAGE = 109 

W1-5 DEFLECTIONS AT GEOPHONES 1,2,3,4,&5 
SCI SURFACE CURVATURE INDEX ( W1 MINUS W2) 
AS2 STIFFNESS COEFFICIENT OF THE SUBGRADE 
AP2 STIFFNESS COEFFICIENT OF THE PAVEMENT 
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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, w1 and w2, are a measure of the capacity of the pavement 
layers. The extreme end of the basin, deflection w5, 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 w1 - 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 w1 and 
w2 are compared with the measured deflection values at w1 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 
{W1 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 w5 area. 

Figure 9, Basin Study-Combined Conditions 

1. 

2. 
Effects of very poor surfacing and base are cumulative. 
Changes in base or surfacing coefficients have very 
little effect in the w5 area. 

Figure 10, Basin Study - Extreme Conditions 

1. The high magnitude deflections often noted are the 
apparent result of all pavement elements being 11 bad ... 
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TABLE 1 

STIFFNESS COEFFICIENTS FOR DYNAFLECT BASIN STUDY 

Figure Surfacing Base Subgrade Remarks 
(5 11 ACP) (12 11 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 0.25 Average base 
1.00 0.40 0.25 Very poor base 

9 1.00 0.60 0.25 All 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 All very good 
1.00 0.60 0.25 All average 
0.60 0.40 0.20 All very poor 
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2. The extremely flat and low deflection basin of "all 
good 11 is the apparent result of all three elements 
being "good." 

3. The "good" and "bad effects indicate that the w1 
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 ll, it is easy to conclude that "big 11 deflections are a function of 
subgrade condition; bad surfacing and/or base alone cannot produce the 11 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 w1 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 ld 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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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 
;s no reason to have subsections and, consequently, the project average of 
SCI a~d 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 
sel~cted 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. 
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Form 1115-1 

DIST. 

~ 
l!1!l 

DATE 

ExAMPLE 1a. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT-DESIGN SYSTEM 

PROFILE ANALYSIS 

CARD NO. I - PROJECT IDENTIFICATION 

COUNTY CONTROL SECTION JOB 

f&f~ ~J~7~ 

NO. OF SECTIONS 

14$~ 

CARD NO. 2- LAST REF. POINT AT EACH SECTION 

REF 

POINT 

z 
3 
4 
5 

7 
8 
9 

10 
I I 
12 

CARD NO. 3- DATA CARDS 

STATION MEASURED OR CALCULATED 

VALUES 

I 2 3 4 5 6 7 

9 7 I I • 4. 
9 7 I I • 5 
9 1 I I • 6 
9 7 I I • 1 
9 7 I f • 8 
9 1 I I • 9 
9 1 12. • 0 
9 1 12. •I 
9 7 12 • 12. 
9 7 12 • 3 
9 7 IZ • 14 
9 1 liZ • 5 

- 36 -

HIGHWAY 

AVG 

VALUE 



Fetr:m__l_ll_S-_2 __ 

REF 
POINT 

14. 
!5 

I' 
L 7 
!& 
19 
ZO 
2! 
zz 
2..3 
24 
2.5 
2G 
27 
28 
29 
10 
3/ 

:14 
35 

37 
:18 
39 
40 
41 

43 
44 
45 
46 
47 

EXAti\PLE 2.b .. 
CARD NO. 3- DATA CARDS 

STATION 

I 2 3 4 5 6 7 

7 I lZ • ~ 
i9 7 I 2 • 7 
9 7 /2. • 8 
9 1 I Z• 9 
9 7 13 • 0 
9 71 3 • I 
97 I 1.3 • z 
9 7 I .3 •3 
97 I 1 • ~ 
9 7 I 3 •5 
9 7 I ' • 

,~ 

97 I 3 • 7 
9 7 I '3 • 8 
9 7 I :3 • 9. 
9 7 14 .o 
9 7 !14 • I 
9 7 {4- •2i ! 

9 7 14-• .31 
9 7 14. 4-
9 7 !4 • i5 
97 lf4 • (;; 
9 711 4 • 1 
9 7/ 4- • 8 
9 71 ~· 9 
9 7 I l5 • 0 

9 7 I iS ., 
9 7 I 1$ • 12 
9 7 I $ • 3 
~ 7 I 5 • 4-
9 7 I IS • 15 
917 I 5 • G 
917 I 5 • 17 
9 7 I 5 • 8 
19 7 I s • 9. 
9 7 J b • [~ 

MEASURED OR CALCULATED 

VALUES 

---------

- 37 -

AVG 
VALUE 

~ 9 10 

l). 114 
0 • IG 
lo.. 10 9 
ol 'L • /6 
:a. /0 
0 • I 3 
10 .07 
0 o I I 
0 • I 9 
I~. 13 
0. 08 
0. I Z 
,Oi o I II 
o:. IO 8, 
o. IO!f) 
Or. I 9 
a. I 3. 
0. 12'6 
0 . 2 'Q 
0 0 118: 
o: • liB 
Oi • !IS 
01. IB 
Oi 

I o Zl 
o. Z1/ 
I'J' 
C/o ZIG 
0 • 2J3 
~ • 241 
Oi. 315: 
~. 21~ 
~. 211' 
~. i2~ 

d. z z 
0. Ji4 
~1_. ~ 3 

:c 

I 

I 
I 
I 

i 
I 



Form 1115-2 

REF 

POINT 

49 
50 
Sl 
52 
53 
54 
55 
Sb 
57 
5B 
59 

61 
62 

70 
71 
72 
7J 
74.. 
75 

77 
78 
79 
BO 
81 
82. 

EXA~ PLE 2 C_:_ 

CARD NO. 3- DATA CARDS 

STATION MEASURED OR CALCULATED 

VALUES 

I 2 3 4 5 6 7 

97 /~ • I 
97 /' • IZ 
97 I ~ • 3 
97 J(, • .:1. 
9 7 I " • 5 
91 '" • f, 9 1 ,, • 1 
9 1 '" • 8 
9 1 ~~ • 9 
9 7 11 • 0 
97 .11 •I 
9 7 I 1 • 2 
9 1 11 • 3 
9 l ll • 14 
9 7 f7 • 5 
9 1 Ill • " 9 1 117 • 7 
9 7 I 7 • 8 
9 7 11 • '3 
9 l liB • 0 
9 1 \IB . , 
9 lit 8 • 2. 
9 1 IB • 3 
9 1 t8• 4 
9 l IB • _.2 
9 1 18 • b 
9 1 18 • 7 
9 1 IS • 8 
9 1 18 • 9 
9 1 19 • 0 
9 1 19 •I 
9 1 '19 • 2 
19 1 19 • 3 
9 7 19 • 14 
9 7 1 9 • ,5 

- 38 -

AVG 

VALUE 

8 9 10 I· 

0 • 2.2. 
IO • 2 I 
() . z 7 
0 • 0 
0 • 2 0 
0 . I 9 
0 .2 _z. 
01. 2 0 
0 . :; l 
0 . z z 
IO • I 7 
0 • 2 4 
IO . z 3 
0 . 2 6 
0 .13 z 
k:> • 12 9 
IO . 3 6 
0 . I 8 
0. 2 2 
Ql. I i6 
0 . l 9' 
0 . I 81 
0 • 21 
'0 • 2 IO 
Q • 2 6' 
0 • z 0 
0 • /IS 
0 . I !9 
IO • 113 
0'. z IO 
IO • 210 
Ia • 2 7 
Q • [2 l. 
0 • 12 I 
0 • 18 

,z 

I 

I 
I 

I 

I 

! 
I 

' 

I 

I 

' 

• 

. 



REF 
POINT 

83 
84 
85 
8b 
87 
88 
89 
90 
9/ 
92. 
9:3 
94: 
95 
9G 
97 
98 
99 

!00 .,. 
/OJ * 
102 
/()3 
l.Od. 
1(}5 
/06 
/() 7 
LaB 
109 
' 

Form 1115-2 

EXAMPLE Zd. 
CARD NO. 3- DATA CARDS 

STATION MEASURED OR CALCULATED 

VALUES 

I 2 ~ 4 5 6 ? 

9[7 /9 • ' 97 I ~ • 17 
97 19 • IB 

19 7/ 9• 9 
97 2 9• 5 
917 12 9• ' 9 7 2 ~ • 7 
97 2.9 • 8 
9 7 12 9• 9 
97 3 0 • 0 
9 7 ~ 0 • II 
9 17 310 • z! 
9 73iO • 3 
9 7 310 • 4-

+-

9 7 3!0 • 5 
19 7 ~:o • 16 
9 7 3,0 • 7 
9 7 3iO • ~ 
9 17 310 • 8 

19 17 3k? • 9 
9 7 3'1 • 0 
9 7 ).; I • I 
9 7 ~il • 2 
9 7 1 I • 3 
9 7 3 I/ • 4-
9 7 3 I • 5 
9 !7 3 I • ~ 

+ 

+ 

+ 

+ 
* Du JJI/c;te Sf01 fton I •....:....:...._...;___ 

Alum.6ers. __ 
I + 

+ 

+ 

+ 

- 39 -

AVG 

VALUI: 

f<. ':l I(_; : 

0 . I 8 
~ • Z/ 
0 • 2 J 
0 • 2 3 
IO . I 9 
IO .12 I 
0 • 2)4 
c?i. 1/7' 
o!. zls 
0 • i;.l/ 
0;. !5 
a. !'.5 
01. 17' 
OJ. Jf4.: 
rJ. o, 

I( 

I 

I 

I 
I 

i 

' 
I 
i 
I 

' 
I 

l~. I 9! I 

'_j 
01. I ~i 

I 
I 

~ . ~ 4: 
IO • lS 
0 • 2 :0 
0:. I 7 
it> • 13 2 
~ • ~ 12.i 

a. 3!1 
lOI 

I• 1310 
0 . ~lli 
k?l. 3!7: 

I 

i I I. 
I 

I • I 
I. : 
I 
I • 
I ! 
I • I 

I • 
i. 

i • 



Example 3a 

TEXAS HIGHWAY DEPARTMENT 

PROFILE ANALYSIS FOR IH 102 

THIS PROGRAM WAS RUN - 07-26-82 

DIST. COUNTY CONT. SECT. JOB HIGHWAY DATE NO. OF SECT. 
68 HARD ROCK 9307 08 IH 102 06/16/82 . 4 

REFERENCE STA. INPUT 
POINTS DATA 

1 9711.4 0.220 
2 9711.5 0.180 
3 9711.6 0.090 
4 9711.7 0.110 
5 9711.8 0.150 
6 9711.9 0.110 
7 9712.0 0.130 
8 9712.1 0.140 
9 9712.2 0.120 

10 9712.3 0.140 
11 9712.4 0.160 
12 9712.5 0.130 
13 9712.6 0.140 
14 9712.7 0.160 
15 9712.8 0.090 
16 9712.9 0.160 
17 9713.0 0.100 
18 9713.1 0.130 
19 9713.2 0.070 
20 9713.3 0.110 
21 9713.4 0.190 
22 9713.5 0.130 
23 9713.6 0.080 
24 9713.7 0.120 
25 9713.8 0.110 
26 9713.9 0.080 
27 9714.0 0.080 
28 9714.1 0.190 
29 9714.2 0.130 
30 9714.3 0.260 
31 9714.4 0.200 
32 9714.5 0.180 
33 9714.6 0.180 
34 9714.7 0.150 
35 9714.8 0.180 
36 9714.9 0.210 
37 9715.0 0.210 
38 9715.1 0.260 
39 9715.2 0.230 
40 9715.3 0.240 
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Example 3b 

OIST. COUNTY CONT. SECT. JOB HIGHWAY DATE NO. OF SECT. 
68 HARD ROCK 9307 08 IH 102 06/16/82 4 

PROFILE ANALYSIS FOR IH 102 

REFERENCE STA. INPUT 
POINTS DATA 

41 9715.4 0.350 
42 9715.5 0.240 
43 9715.6 0.210 
44 9715.7 0.240 
45 9715.8 0.220 
46 9715.9 0.140 
47 9716.0 0.230 
48 9716.1 0.220 
49 9716.2 0.210 
50 9716.3 0.270 
51 9716.4 0.200 
52 9716.5 0.200 
53 9716.6 0.190 
54 9716.7 0.220 
55 9716.8 0.200 
56 9716.9 0.320 
57 9717.0 0.220 
58 9717.1 0.170 
59 9717.2 0.240 
60 9717.3 0.230 
61 9717.4 0.260 
62 9717.5 0.320 
63 9717.6 0.290 
64 9717.7 0.360 
65 9717.8 0.180 
66 9717.9 0.220 
67 9718.0 0.160 
68 9718.1 0.290 
69 9718.2 0.180 
70 9718.3 0.210 
71 9718.4 0.200 
72 9718.5 0.260 
73 9718.6 0.200 
74 9718.7 0.150 
75 9718.8 0.190 
76 9718.9 0.130 
77 9719.0 0.200 
78 9719.1 0.200 
79 9719.2 0.270 
80 9719.3 0.220 
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Example 3c 

DIST. COUNTY CONT. SECT. JOB HIGHWAY DATE NO. OF SECT. 
68 HARD ROCK 9307 08 IH 102 06/16/82 4 

PROFILE ANALYSIS FOR IH 102 

REFERENCE STA. INPUT 
POINTS DATA 

81 9719.4 0.210 
82 9719.5 0.180 
83 9719.6 0.180 
84 9719.7 0.210 
85 9719.8 0.230 
86 9719.9 0.230 
87 9729.5 0.190 
88 9729.6 0.210 
89 9729.7 0.240 
90 9729.8 0.170 
91 9729.9 0.250 
92 9730.0 0.210 
93 9730.1 0.150 
94 9730.2 0.150 
95 9730.3 0.170 
96 9730.4 0.140 
97 9730.5 0.200 
98 9730.6 0.190 
99 9730.7 0.140 

100 9730.8 0.240 
101 9730.8 0.250 
102 9730.9 0.200 
103 9731.0 0.170 
104 9731.1 0.320 
105 9731.2 0.020 
106 9731.3 0.310 
107 9731.4 0.300 
108 9731.5 0.310 
109 9731.6 0.370 

INPUT BREAK PTS. AT 29 64 103 109 
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Example 3d 

TEXAS HIGHWAY DEPARTMENT 

PROFILE ANALYSIS FOR IH 102 

THIS PROGRAM WAS RUN - 07-26-82 

DIST. 
68 

COUNTY 
HARD ROCK 

CONT. SECT. JOB HIGHWAY DATE NO. OF SECT. 
9307 08 IH 102 06/16/82 4 

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

BREAK POINTS AT 29 64 103 109 
REF. POINTS AVERAGE STANDARD F F 

LIMITS OF DEVIATION CALC. TABLE 
OF SECTIONS SECTIONS OF SECTIONS VALUE 

1 TO 29 0.129 0.037 78.627 3.997 
30 TO 64 0.230 0.051 8.838 3.984 
65 TO 103 0.199 0.038 8.837 4.068 

104 TO 109 0.272 0.126 0.0 0.0 

.,. 43 -



Asphaltic Concrete Pavement Overlay Design Procedure 

In the previous sections on Data Requirements and Data Analysis, overall 
data requirements 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 Sa through Sc. Upon receipt of 
the 11 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 11 print back .. or 11 echo 11 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 11 0rdering 11 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 11 down the road, .. 

so to speak. In general, the design selection should meet all or most of the 
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1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

Form 1114-1 

Card type 

Problem number 

District 

County 

Control 

Section 

Highway 

Date 

IPE 

ExAMPLE 4a. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - 11 

PROJECT IDENTIFICATION 

8 

H A R D 
9 10 II 12 13 14 

* A new prtJIJ/~m num!J,r shDuiJ be 
vs~a' wllen fhe pr"6/~m (design) /.s .fo 
be r~·run ~nd Dne Dr m()r~ in,tJvls 
are /Jeing ch.;ng~d'. 
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[ill I I 2 

* lola:,: 
3 4151 

[Jj 
--1¢ I( c ~ I I ' 

15 16 17 18 19 2q2tl 



Cord TrPt 

lof2l 
tm1 

lof21 rrm 

lol2l 
ttl!j 

lof2l rrm 

Form 1114-2 

L I M 1 T 5 
3 4 5 6 7 8 

s T ~ lc 
42 43 ~4 4~ [46 47 

3 4 5 6 7 8 

R ) E A 5 
~2 43 44 ~5 46 ~7 

~ c p 1¢ v 
3 4 5 6 7 8 

rr/J D ¢ IM E T 
~2 43 44 ~5 46 47 

IE ~ 'ri s T I 
3 4 5 6 7 8 

IO II tl1 w A 
42 143 44 45 46 47 

10 • 0 0 , 
3 4 5 6 7 8 

~ ~ lA Ill IE L 
~2 143 1M 4~ I4E 47 

EXAMPLE 4b. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - 11 

PROJECT COMMENTS 

• F R 14> M I ~ T E I~ 5 E c T • 
9 ·10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 125 

~ ~ w E ~ • ~ ~ s T 
l4fl 49 ~ 51 52 [!3 54 55 56 57 58 59 60 61 162 63 64 

T f/J L A ~ y ~ ~ ~ N T y 
~ 

9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

lr ~ F P' 4> N E ~ 
[4e [49 50 51 52 53 54 5~ 56 57 58 59 60 61 62 63 64 

E IR L AIY ID I.E 5 I k; IN F [qj R 
9 10 II 12113 14 15 16 17 18 19 20 21 22 23 24 ~ 

1 
26 

[65 

26 

I() 
127 

lliDt-e : 7?,~ wit ere,~ wl!~~ ·· 
and 14Jho c~m~: .,, 
~r~ very tin(>IJrf,un 

/or ru furt rttii~Li ... 
.;J,d r,v/,w b;t 
~f-Ilers. 

f.J kt F' u 5 59 9 IW E! 
28 29 30 31 32 33 34 135 36 37 38 139 40 41 

I 
66 167 68 69 70 71 72 73 74 175 76 77 78 79 80 

L I w ~ 1 5 ~ N D IY R 1 v El 
27 28 ~9 30 31 32 33 34 35 [3E 37 3A 39 40 41 

e5Iee 67 68 69 70 71 72 73 74 I~ 76 ~7 78 79 lao, 

In 'E s T B I¢ u N D L A N ~ ' !, 
2E 27 2E 29 30 31 32 33 34 35 3€ 37 38 39 40 41: 

J' 

~ R. s T ~ T ~ iJ N 9 7 I I • 4;0i 7 itP 9 7 I ~ • z 5 
14.9 49 I sa 51 52 53 54 55 56 57 58 ~9 60 61 62 63 64 6566167 68 69 7C!71 72 n 74 7~ 76 71 78 79 80 

w (; 5 E. c T l ~ N • I • 5 0" H IM A c T y D, 2 5 • • 
9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 3:' 34 [35 36 37 38 39 40 41" 

I 

k: IT IY ~ , 0 • 6 K:> II 2 c R 5 u1R F T R t I' 
148 149 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67l68 69 70 71 72 73 74 75 76 77 78 79 BC_j' 

FS (_ IR IL l M EIS T t/> N E I• 6 .o 0 II F c s ~ I~ D lY 
9 10 II 12 13 14 1!5 16 17 18 19 ~0 21 [22 2~ 24 25 2E 27 28 129 30 31 32 33 34 3" 3E 37 38 39 40 41 

48 4~ lsc 51 52 53 154 Iss 56 57 58 159 6C 61 62 63 164 65 66 67 68 69 70 71 72 7~ 74 I~ 76 77 78 79 80 

3 4 5 6 7 8 9 10 II 12 13 14 15 1617 18 19 20 21 22 23 24 25 2E 27 28 I2S 30 31 32 33 34 35 36 37 38 39 4C 41 

4::! 43 144 45 [4E 47 48 [45 5C 51 5( 5~ ~4 55 56 57 58 59 60 61 6( 63 64 65 66 67 68 69 70 71 72 7?. 74 ~~ 76 77 78 79 eo 

. 5 u 16 IM I T T c D 8 IY • B lft; • 
3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 2C 21 22 2~ 24 25 2E 27 28 29 30 31 32 33 34 35 36 1'37 138 39 40 41 

B IN 1 K u l I N • ID -8 p 0 4 IT E X - A I~ 8 2 ~ -~ I 'f) J 
42 43 [44 45 146 47 48 49 [50 51 15'2 53 54 Iss 56 57 58 59 60 61 62 63 64 65 66 61 68 69 70 71 72 73 74 75 76 77 18 79 eo 
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E)(AM PLE 4.c. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - 11 

BASIC DESIGN CRITERIA 

3.0 Card type _______________________________________________________ ~~ [ill I 2 
3.1 Length of analysis period (years) __________________________ ~~~ [ffiJ 4 5 

* 3.2 Minimum time to first overlay (years) _______ ---------------'-'- --m 
3.3 Minimum time between overlay (years) ____________________________ +-~ t!J 14 15 

3. 4 Minimum serviceability index ----------------------------------+"11!...!--~~ 1~!2•0i~i 
3. 5 Design confidence leve 1 ----------------------------------------+=-" ~ 3~ 

j1j•!o: 3. 6 Interest rate (%) -------------------------------------+--=-t---t='--1 :25:26'2-.j 

PROGRAM CONTROLS AND CONSTRAINTS 

4.0 Card type __________________________________________________ +~~4~! 

OTIJ 
g}Zi. 4.1 Problem type: 1 = new pavt. const., 2 = ACP overlay --------------+=
0

=-t 

4.2 Number of sumnary output pages (8 designs/page) ---------------------T~=-!6 ; 

4.3 Max. funds available per s.Y. for initial const. ($) ________ *~*~~!~.{~.1r~,~-:~lo~,0+10~11 ! 

4.4 MaxUnum total thickness of initial construction (inches) ____ ~~-----+11-3rl1-4 1~,~~5 !~,6~! 

4.5 Maxi~m total thickness of all overlays (inches) ~~~~~~:o!~~ 

Form 1114-3 

* Nof ret:tuired /n A C P Ovl!';l•~ Mot/~ 

*~ Column 7 /.s acf/v-e· e;//~w/ng a m~'omum 

1/d/ue of 99,99 -f" /Je inpuf. Thi.s /npuf cwn ~/$() 
.h~ us~d fc c~nfrtJI mt~x/m11m pv~rla!J -1-n/ci::.nt~ss. 
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EXAMPLE 4d. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - 11 *A/of~/ frJffiC. a'afCI 

m "s'f b~ ftJr a 
TRAFFIC DATA 20reorr prt:Jj4ct/tJn. 

5.1 ADT at the beginning of the analysis period (veh./day) 

5.2 ADT at the end of 20 years (veh./day) 

5.3 One-drctn. cumulative 18 KSA at the end of 20 years * z ' B 9 b D 0 0 • 
23 24 25 26 27 28 29 30 31 

5.4 Avg. approach speed to the overlay zone (mph) 

5.5 Avg. speed through overlay zone (overlay direction) (mph) 

5.6 Avg. speed through overlay zone (non-overlay direction) (mph) 

5.7 Percent of ADT arriving ea. hr. of construction 

-------------------------------~9' 5.8 Percent trucks in ADT 
~4 55 

6.0 

6.1 

6.2 

6.3 

6.4 

6.5 

Form 1114-4 

ENVIRONMENT AND SUBGRADE 

Card type fW] I 2 

District temperature constant --------------------+@J!:2:.+:3~ tilij 

Swellina probability 
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ExA~PLE 4e. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - ll 

CONSTRUCTION AND MAINTENANCE DATA 

1.0 Card type------------------------------------------------------+~~7~ 
tV.,r r~t;ulr~4 ,;, ' 2 

7 .1 Initial s ervic eabil i ty index _____ A_C __ P_~__;_w__:_r_/...:.:..,~!/~~.......:....:0:....;a'.=-=..'------------,1~4~1-=:-l!-6~1 

7.2 Serviceability index after overlayin&--------------------------------~~~~~~~:~~~~~~1 

7.3 Minimum overlay thickness (inches)----------------------------------~1~'~!-•~!~5~1 
14 15 16 

7.4 Overlay construction time (hrs/day)------------------------------------+~~1+()~ lhlill 
7.5 Asph. cone. compacted density (tons/C.Y.) ---------------------------~~~~~·-~9~f()~l ?4 25 26 271 

7.6 Asph. cone. production rate (tons/hr) --------------------------------t~=+~O~~O~I 
28 2930 

7.7 Width of each lane (feet) --------------------------------------------~IJT2l~J~2 m 
7.8 First year cost of routine maintenance -------------------------4~~~~t~~·-fO~fO~I 

(dollars/lane - mile)38j39 494142 4~ 

7.9 Annual incremental increase in maintenance cost------------------t-~3~1~()~~-•~1~0~1~()~1 
(dollars/lane - mile)4445 4~47 48 49 

Form 1114-5 - 49 -



EXAM PL. E 4f. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - 11 

DETOUR DESIGN FOR OVERLAYS 

8.0 card type ----------------------------~[OJ8l~o-+---la rrm 
8.1 Detour model used during overlaying ---------------------f~~4 
8. 2 Total number of lanes of the facility --------"~-----------+-/T41-+-4~ tiliJ 
8.3 Number of lanes open in the overlay direction ---------------!m~~ 

8.4 Number of lanes open in the non-overlay direction -------------1-=lzlz=i w 
8.5 Distance traffic is slowed (overlay direction) (miles) ________ -41~'t•-t0~1 

12 13 14 

8.6 Distance traffic is slowed (non-overlay direction) (miles) ---------41~0t•-t7~1 
17 18 19 

8. 7 Detour distance around the overlay zone (miles) -------------*.:.....:.....-t-t•-~l~ 
22 23}41 

* Used tutfl! !Jefour /'f()qe/ 5 fJn!y. 
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:m 1114-7 

9.0 Card type 

ExAMPLE 4-g. 

TEXAS HIGHWAY DEPARTMENT 
FLEXIBLE PAVEMENT DESIGN SYSTEM 

FPS - 11 

EXISTING PAVEMENT AND PROPOSED ACP 

tffij I 2 

9.1 SCI of the existing pavement ------------------1-!10~3 t-l:-ll-=-~-+~=~=+-~g:::...7 1 

9.2 The standard deviation of sci _________________________________ ~~~O-+i-•tO~t3~t7~1 
8 9 10 II 12 

9.3 The composite thickness of the existing pavement (inches) --------+1::.2tO;...t•--1ir-.:.J-ll 
13 14 15 16 

9.4 In-place cost/comp. - C.Y. of proposed ACP ($) ~1?-l:ol~l?,l 
9.5 Proposed ACP's salvage value as% of original cost------------------4r-t-+~~r0~! 

[23 24/25 26 

9.6 In-place value of existing pavernent/cornp. - C.Y. ($) --------------~~~~~~4-•tO~tO~I 
29 ~31 32 33 

9. 7 Existing pavement's salvage value as % of present value ------------~lf-l+--+1-fO~i' 
3~35 36 37 

9.8 Level-up required for the first overlay (inches) 1~1:1?,1 
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'ROB 
Oot 

niST, 
61 

Example Sa 

T!X&S ~~G~WAY D(PAATMENT 
'PI • ll 

ACP OVERLAY D!IIGN 

CONT, S!CT: 
•Jo7 oe 

~IGHWAY 

~~ 102 
P&G£ 

1 
···············································••******************************* 

CO~~!NTS &BOUT THIS PROBL!~ 

LIMITS I 'AOM INTERSECTION 0, US s•q WEST 0' JONES, EAST 
TO LAZY COUNTY LIN!CSANDY AIY!A) !&IT 0' JONES 

AC' OV!AL&Y DESIGN 'OR WESTBOUND LAN!, ODOM!T!R STATION '7ll,IO TO •7l4,Z5 
!XISTINI SECTION I t,so• ~~AC TY D, 2,so• HN&C TY e, 0,60• ZCR SUR, TR, 
to,oo• ,8 CA LIMESTONE, 6,00• 'C SANDY G~&Y!L 

SUBMITTED IYI lOB ~IKULIN , D•8PD , T!X•AN 121•8101 
******************************************************************************** 
I&SIC D!SIGN CAITERI& 
**!****************** 

L!NGT~ 0' THE ANALYSJS '!RIOD (YfAAS~ 
MINIMUM TIME I!TW[[N OVERLAYS CYEARS~ 
MINIMUM SEAYIC!ABILITY IND!X PZ 
DESIGN CON,ID!NCE LEY!L 
INTEREST RAT! OR TIME YALU! 0' ~ON!Y CP!AC!NT; 

PROGRAM CONTROLS A~D CONSTRAINTS 
******************************** 

NUMI!R 0' SUMMARY OUTPUT P&G!S D!SIA!D C I D!SIGNSIPAG!) 
M&X 'UNDS &YAILAILE 'ER SQ.YD, 'OR 'lAST OY!RL&Y CnOLLARS) 
ACCUMULATED MAX DEPT~ 0' ALL OY!ALAYS CINC~!s; C!XCLUDJNG L!YEL•UP) 

3 
u,oo 
u,o 

TR&,,IC DATA 
************ 

ADT AT BEGINNING 0, ANALYSIS P[A!OD (Y!MICLISID&Y; 
ADT AT !ND 0, T~[NTY YEARS CY!~!CL!SI~AY) 

ONE•DIA!CTION ZO,•Y!AR ACCUMULATED NO, 0' !QU!Y&L!NT li•KSA 
AVERAGE APPROACH IP!!D TO TH! OY!ALAY ZONECMPH~ 

· &VEAAG! SP!!D THROUGH OV!RLAY ZON! COY!RLAY DIA!CTION) (MPH) 
AV!RAG! SP!!D T~AOUGH OY(ALAY ZON! CNON•OVERL&Y DIRECTION) (MPH) 

, 'RO,ORTION 0' ADT ARRIVING EACH HOUR 0' CONSTRUCTinN (PERCENT) 
'!AC!NT TRUCKS IN &DT 

!NYIRONM!NT AND IUBGR&D! 
************************ 

DISTRICT T!M,!R&TUR! CONSTANT 
8W!LL1NG PA08&81LITY 
POTENTIAL Y!RTJCAL RIS! CINC~!Si 
SNELLING R&T! CONIT&NT 
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0100, 
17300, 

211,6000. 
60,0 
JO,O 
50,0 
6,0 

""· 0 

Zl,O 
o,o 
0,0 
o,o 



Example Sb 

TEXAS ~IG~WAY D£PAAT~ENT 

''S • u 
ACP OVE~~AY D~SIGN 

COUNTY 
~AADROCI< 

CO~n. SECT~ .,07 08 
HIGHWAY 
IN tO! 

INPUT DATA CONTINU!D 

CONSTRUCTION AND MAINTENANCE DATA 
********************************* 

S!AVJCEABI~ITY INDEX Pl ''TEA A~ OV!R~AV 
MINIMUM OV!A~AY T~ICKN!SS CINC~ES) 
OYER~AY CONSTRUCTION TIM! (HOURS/DAY; 
ASPHALTIC CONCRETE CO~PACTEO DE~SITV CTONSIC,Y~) 
ASPHALTIC CONCRETE PRODUCTTON RATE (TONS/HOUR) 
NIDTM OF EACH LANE CF!ET) 
'I~ST Y!AA COST OF AOUTJ~E MAINTE~A~CE CDOLLARSILANf•MI~!) 
ANNUAL INCREMENTAL INCREASE IN MAINT!NA~CE COST CDOLLA~SILAN~·~ILE) 

DETOUA DESIGN ,OR OVERL~YS 
************************** 

PAGE 
z 

o.s 
1,5 

to,o 
l,CJO 

-'0 o .. 0 
12,0 
50,00 
JO. 00 

TRA,,IC MODEL USED DURING OVERLAYINQ S 
TOTAL NU~8!~ OF LANES OF THE FACILITY Q 
NUMIER 0, OPEN LANES IN RESTRICTED lON! COVEALAY DJ~!CTION) t 
NUMIER OF OPEN LANES tN A'-STRJCT!n ZONE CNON•OVERLAY DIAECTIOW) Z 
DISTANCE TAaFFit IS SLOWED COVE~LAY DI~!CTtON) (MILES) 1,00 
DISTANCE TRaFFIC IS SLOWED CNON•OVEALAY DIRECTION) (MILES) 0,10 
DETOUR DISTANCE AROUND THE OVERLAY ZONE CMIL!S~ 0 1 0 

IXIITING PAVEMENT AND PRnPOSED ACP 
********************************** 

THE AVERAGE SCI 0' THE EXISTING PAVEMENT 
THE STANDARD D!VIATION 0, SCI 
THE COMPOSITE THICKNESS OF THE EXISTING PAV!~ENT CINCHES) 
THE IN•PLACE COST/COMPACTED C,Y; D' ~~OPOSI~ ACP CDOLLA~S) 
IALYAGE VALUE O' PAOPnSEO ACP AT END OF ANALYSIS PERIOD (P~RCENT) 

IN•PLACE VALUE OF [XISTI~G PAVEMENT CDOLLAASIC~Y,) 
IALVAGE VALUE OF EXISTIN; PAVT, AT END 0' ANALYSIS P!AIOD (PERCENT) 
L!V!L•UP REQUIRED FOR THE 'lAST OVERLAY ttNCH!!) 
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o., 2QI 
0,017 

ZO,l 
ao,oo 
oo,o 
o,o 
o.o 
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PROB 
001 

OIST, 
~8 

COUNTY 
HA~OAOCK 

ExaRJ>le Sc 

TEXAS HIGH-AY D!PA~T~E~T 

,,s • tt 
ACP OVERLAY D!SIGN 

CONT. 
930'7 

S!CT, 
0~ 

HIGHWAY 
IH 1 OZ 

AVERAGE SCI • 0,129 CONFtD!~CE LEVEL • D 

SUM~AAY 0, THE REST OVERLAY SCH!~ES 
IN ORDER OF INCREASING TOTAL COST 

1 z 3 
**************************************************************** 
INITIAL OV!ALAY 

CONSTRUCTION COST 10,00 1o.oo 7,78 12.22 7,78 111,44 
USE~ COST 0,03 o.o:s o.oz o,n1 o.ntt o,n4 

'UTUR! OVERLAYCS) 
CONSTRUCTION COST J. 11 J~31 5,7~ 1.11 •• ,z o.o 
USER COST 0,03 0,03 0,01 0,02 0,01 o,o 

ROUTIN! MA !NT 1 COST o.ze o.z1 0,21 o.·:s7 0,27 0,113 
IALYAG! VALUE •1.•t •1.72 ·1~72 •1 •• 1 •1.~4 •1,19 
**************************************************************** 
**************************************************************** 
TOTAL COST 11,89 11.'5 12,10 12~44 13,19 .13,13 
**************************************************************** 
**************************************************************** 
NO,O' PER,,P!AIODS ~ 1 J 2 Z 1 
*****************~********************************************** 
P[R,, TIME CYF.ARS) 

T(1) 11, 11, 7, 17, 7. 24, 
T(Z) Z3, 19, 15, 2~. lb. 
T(J) 27, 23, 

**************************************************************** 
1ST L!V!L•UPfi~CHES) 01 0 0,0 0,0 0,0 0,0 0,~ 

'UTURE LEVEL•UPCS) 0,5 0~5 0,5 0~5 0,5 0,5 
**************************************************************** 
OVERLAY POLICY(INCH) 
CINCLUDJN; LEVEL•UP) 

0(1) 4,5 1,5 3,5 5~5 J,5 •• ~ 
0(2) J,O 2.0 J,O 2,0 5,0 
0(3) 2.0 z.o 

**************************************************************** 
SWELLING CLAY LOSS 

(S!RVIC!ABILITV) 
SC(t) 0,0 0,0 0~0 o.o 0,0 o,o 
SC(2) 0,0 0,0 0,0 0,0 0,0 
SCCJ) o.o 0,0 

**************************************************************** 

THf TOTAL NUMBER OF FEASIBLE OVERLAY SCH~~ES CONSID!RE~ 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 11 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 particular 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 

- 56 -



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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1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

Form 1114-1 

Card type 

Problem number 

District 

County 

Control 

Section 

Highway 

Date 

IPE 

EXAMPLE Ga. 

TEXAS HIGHWAY DEPARTMENT 
FLEXIBLE PAVEMENT DESIGN SYSTEM 

FPS - 11 

PROJECT IDENTIFICATION 

I 2 

m:r.~ 

[114!0:3;. 
122 23124,25 

* A n~w pr~/J/~m num her ..shl'Jv/d be usea' when fhe 
?r~b/1m (t:l~stgn) ~~ f" be re-r'ln .,a' tDne ~r 
n?ore in ,tJvl-.s .;; rt! being ch•n9'tl. 
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Cord T)'pt 

ffil 
tLl!:1 

lol2l 
tillj 

:)'rtn 1114-2 

Ll M 1 T IS 
3 4 5 6 7 8 

li ~ IE lS 
42 43 f44 4e I4E 47 

3 4 5 6 7 8 

142 43 44 ~5 ~ 147 

f It ~ "- 1 ~ 
3 4 5 6 7 8 

R A ~ 
~2 43 44 45 46 47 

9 

148 

9 

14e 

li 

EXAMPLE G b. 

TEXAS HIGHWAY DEPARTMENT 
FLEXIBLE PAVEMENT DESIGN SYSTEM 

FPS - 11 

PROJECT COMMENTS 

• F IR ldl M 5 u N D 14> ~ N R. • 
iO II 12 13 14 15 16 17 18 t9 12o 21 22 23 24 ~5 

I 
49 ~ 51 52 53 541 55 56 57 58 59 60 61 162 63 641 

IT rD ~ kiJ lJ w T ~ IY c L lu 
10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

45 50 51 52 53 54 55 56 57 58 59 6C 61 62 63 64 

N ~ ~IY ~ ~ s ~ G N IF ~ R. 
9 10 II 12113 14 IS 16 17 18 19 20 21 22 23 24 25 

~ ~9 150 51 52 53 54 55 56 57 58 59 60 61 62 63 ~ 

~ 
26 

165 

18 
26 

65 

17 
26 

65 

,(/()f~: 

711~ where 1 wh•f•ncl 
Wh() ~()mm1n fs '~re 
V8r_q t'mj>()rfc;nf ;n 
.ru f-"tre r1vi141 and 
r1v1~tv 6 !:1 ~f-hl*rS. 

A ID • 5 ~ lv T ~ 7 • 6! itf, 
127 28 lfg 30 31 32 33 34 j35 36 37 38 39 40 4 j' 

' 

J 
66 167 68 69 70 71 72 73 74 75 76171 78 79:82· 

i¢ ~lol I 
I 

I< I : 
27 28 [29 30,31;32 33 34 35 36137 3~ 39404:1 

' 

I 
66 67 68 69 70 71 72 173 74 175 76 ,177178 7S laG: 

w ~ / 9 8 2 ~ ~ PR 1¢~1 
21 28 29 30 31 32 33 34 35 36 37 38;39 40!41' 

I I 
66 [67 68 69 70171 72t'T3!74 75 76 ?t 78 79•801 

I I I I I i 
3 4 5 6 7 8 9 10 II 12 13 1415 1617 18 19 2021 222324252627282930T31/323334 3513637138 39 4041 i 

sus!MIITTIED BY : lTI~ww lJ. Dl¢ic: 1 1 1 1 1 

42143 444~46471481495051 52 53 54 55 56 57 58 59 6061 62 63 64 6566 67j68 69 70 71 72 73 74175 76 77178179.SC,, 

I 
3 4 5 6 7 8 9 10 II 12 13 14 15 1617 18 19 t2o 21 ~2 2:! 24 25 2E 27 28 ~9 30 31 32 33 34 3~ 36 37 ~]39 40J41 

I I 
142 1 ... ... ·~ 47 48 I~ I5C 51 52 53 154 Iss 56 57 58 159 !so 161 162 63 16<~~ 65 66 67 68 69 70 71 72 7:! 74 7'5 76 77 78 79!80 

I 
3 4 5 6 7 8 9 10 II 12 13 14 1516 17 18 19 20 21 22 23 24 25 2E 27 28 12!3 30 31 32 33 34 35 36 37 38!39 4~41 

142 4! 144 45 [4E 47 148 149 50 51 52 I~ ~41 55 56 57 58 59 60 61 64: 63 64 65 66 67 68 69 70 71 72 n 74 75 76 77 78 79 80 

3 4 5 6 1 e 9 10 II 12 13 14 15 16 17 18 19 2C 21 22 2~ 24 25 2E 27 f2S 29 30 31 32 33 34 35 36 ~7 j38 39 40 41 

142 ~3 144 45 [46 47 148 ~9 [50 51 52 53 54 Iss 56 57 58 59 ~0 61 162 63 64 165 66 67 68 69 70 71 72 73 74 75 76 77 78 79 ao 
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ExAMPLE Gc. 

TEXAS HIGHWAY DEPARTMENT 
FLEXIBLE PAVEMENT DESIGN SYSTEM 

FPS - 11 

BASIC DESIGN CRITERIA 

3.0 Card type ________________________________________________________ +~~3~ 

ITliJ 
3.1 Length of analysis period (years) __________________ --f[ZJO)=-t=O~ 

[ill] 

3.2 Minimum time to first overlay (years) ______ _ ----tm 
3.3 Minimum time between overlay (years) __________________ -+nBl--+=18· 

BD]] 

3.4 Minimum serviceability index --------------------+3:.+•---+=1
0=-4j 

19 zolz! 

3.5 Design confidence level _______________________ ---1~~~ 

3.6 Interest rate (%)~------------------------+9~1·---+=b~!' 25j26)27 

PROGRAM CONTROLS AND CONSTRAINTS 

4.0 Card type _______________________________________________________ +Rfr8~4~ 
[ill] 

4.1 

4.2 

Problem type: 1 • new pavt. const., 2 • ACP overlay -----------rrn':-1 
Number of swmiB.ry output pages (8 designs/page) --------------ltf]~6 · 

4.3 Max. funds available per s.Y. for initial const. ($) ________ * __ ~UQ~~~·-+I=O-+I()~I J.lhl9 10 II 

4.4 Maximum total thickness of initial construction (inches) ______ ---+-'1
1
3 ... 3+"1~ .... 4 +-11•-5 11-"~"-+~ 

4.5 Maximum total thickness of all overlays (inches) 

~orm 1114-3 

* l:JI~t~mn 7. ,:, "'.il~lt~~ ; ·•11~'~9 .., hVJII~~'" v.~lu, • -1 99. '9 
rtJ /J~ lnfJ~Jf. F.,.~,.~ It,.,,,,.,.~ o'•~''" c*"pul, flc/s vr~llcL 
ceu-1 ~ { ,_.:Jt,;,u,., '"r'r rt,,'i,.J.,,.n,s. 

** L/$~ sum "'."'••imvWJ _l,;,y~l' f'f.,~J~~,ss,s ,·~ 
filn unr•.sfn~-l1rl a'#s''" 1.s t:T,s,r~tl. 

- 60 -
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E )(AMPLE Gd. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - 11 

~NoTE - 7r6ri,.G d•f­
mus f be for a 

TRAFFIC DATA 
20 ~~~11,.. projecfion. 

5.0 Card type ----------------------------------------------------~~~5 tdi1 
5.1 ADT at the beginning of the analysis period (veh./day) 

5.2 ADT at the end of 20 years (veh./day) 

5.3 One-drctn. cumulative 18 KSA at the end of 20 years 

5.4 Avg. approach speed to the overlay zone (mph) 

5.5 Avg. speed through overlay zone (overlay direction) (mph) 

5.6 Avg. speed through overlay zone (non-overlay direction) (mph) 

5.7 Percent of ADT arriving ea. hr. of construction 

5.8 Percent trucks in ADT -------------------------1fJT7..!/.+!--17i' 
~ 

ENVIRONMENT AND SUBGRADE 

6.0 Card type 

6.1 District temperature constant --------------------lfZ@!:.l~GI Lffij 

6.2 Swellins probability ---------------------+1~+~,~=-l~!:~~,l!::.l~~ 

6.3 Potential vertical rise (inches) ----------------~fHI=5+f-=-·~b~~ 
lr! '"" ~ !1\ 

6.4 Swellins rate constant ---------------------....J~=+•.:.~+:/~~0~~~ U. zdz122 

6. 5 Subsrade stiffness coefficient --------------------+~:::.j..:•:...~Z:.f2.~! 
ldz526 z1 
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ExAMPLE Ge. 

TEXAS HIGHWAY DEPARTMENT 
FLEXIBLE PAVEMENT DESIGN SYSTEM 

FPS - 11 

CONSTRUCTION AND MAINTENANCE DATA 

7.0 Card type------------------------------------------------------+~~~7 GTIJ 
7.1 Initial serviceability index ----------------------+1~::!4+--~+~4.:!:..16 1 

7.2 Serviceability index after overlaying ______________________ ~l~~941-:41~~~ 
7.3 Minimum overlay thickness (inches) _______________________ t~'t•-tS~l 

14 15 16 

7. 4 Overlay cons true tion time (hrs I day) ---------------------------4-nBl~B..!.J li!ffi] 

7.5 Asph. cone. compacted density (tons/C.Y.) ----------------11-'1~1-•~1~8~1;:0=-!1 
24 25 26 27 

7.6 Asph. cone. production rate (tons/hr) ----------------------t~'t5~t0=41 
~a 29 30 

7. 7 Width of each lane (feet) -------------------------------~IIT2l!..l ~Z~ tElliJ 
7. 8 First year cost of routine maintenance ---------------li-=3~0ta!::+•:...fO:::.fO~I 

(dollars/lane - mile)38J394q4142 43. 

7.9 Annual incremental increase in maintenance cost _________ -4,1l~I+~~S~~~·-I~O~f()~l· 
(dollars/lane - mile)44J4514~47 48 49 , 

Form 1114-5 
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ExAMPLE G f. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - 11 

DETOUR DESIGN FOR OVERLAYS 

8.0 Card type------------------------------------------------------~~~0~8 Gnj 

8.1 Detour model used during overlaying -------------------+~~4 
8.2 Total number of lanes of the facilitY-----------------+rn-t=::..j' GflJ 
8. 3 Number of lanes open in the overlay direction ---------------4ffi~; 

8.4 Number of lanes open in the non-overlay direction -------------[3lF-1 
IT9J 

8.5 Distance traffic is slowed (overlay direction) (miles) ___________ -41~0t•-~B~l 
12 13 141 

8.6 Distance traffic is slowed (non-overlay direction) (miles) -------t()~t·-~&~1· 
17 18 19 

8.1 Detour distance around the overlay zone (miles) ___________ -lf-__ +0=-t•-fO=--~! 
22 23 2~ 

•xm 1114-6 - 63 -



10.0 

10.1 

10.2 

10.3 

10.4 

10.5 

Card type 

TEXAS HIGHWAY DEPARTMENT 
FLEXIBLE PAVEMENT DESIGN SYSTEM 

FPS - 11 

PAVING MATERIAL INFORMATION 

Layer designation number 

Letter code of material 

Name of material 

In-place cost/comp. - C.Y. ($) 

Stiffness coefficient 

till1 I 2 

rn 

10.6 Min. allowable thickness of initial const. (inches) lflf 1111•1510] 
47 48 49 50 511 

10.7 Max. allowable thickness of initial const. (inches) ** 1111•15101 
55 56157 5859 

10.8 Material's salvage value as '7. of original cost I I 13101 
62 6364 ~ 

10.9 Check*--------------------------------------------------------~~~1 
~ 

** Th\~ sefs or .,,."1-.S the t.~~, ... depth. Mtntm...crn d•eth of 
rn.arer\a l$ A, 'B ltC D( +his prohl•m (J.);rl e1u.al 8'' 
.an cl CortlpiC:j w ~ .J.h t~ m ,·n.\m'-«.m +n\"lc.n•es 
rect>mmend.;+,oW'l .f?e>r secnc. -rasid (a~-ers. 

Form 1114-8 - 64 -



EXAMPLE 6 h. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - ll 

PAVING MATERIAL INFORMATION 

10.0 Card type __________________________________________________ +~-1~0~, 

lli1 
10.1 Layer designation number -----------------------------------------~F-1; 

10.2 Letter code of material -------------------------------------------tJIBl~ ru 
10.3 Name of material ~ c p IT '( t 

12 13 14 15 16 17 18 19 20 21 22 2~ 24 25 26 27 28 29 

10.4 In-place cost/ comp. - C. Y. ($) ---------------------------+17.!..fO:::.ti-•+fO=-fO~! 
~I 32 33 34 35 i 

10. 5 Stiffness coefficient -------------------------------------+I0.::.~+:-1 ~I:~,IF-l~ I 
10.6 Min. allowable thickness of initial const. (inches) -------*--+1-t=ZJ=~--•+5=-t=O=--JI 

47 48]49 50 51 

10.7 Max. allowable thickness of initial const. (inches) _____ ---=....:.*.....:*~1-f'::...jl-•+l0=-+=10~1 
55 56 57 58[59 

10.8 Material's salvage value as 1 of original cost ------------------+-+1 13101 
62 63 64 65 

1o.9 check*-------------------------------------------------------~nn' 
~ 

f. Minimum depths of rn.ai-•.-ials A, 5 1 &C of this problem 
W t l\ ~q u.a1 B '' a n d ~t> m p ( y w i + h t he m; n •'m u rn 

+h\c.k.n~ss r•c:orram4!ncl~fio., ;.,. &e"li-rig•'cl lay~rs. 

"** Openin.9 this retnge .alltw~ mcaf~r-•a Is "6 & C +o 
Oft•mi-,e lr\ OJ cost- thi,J:.n"ss- e+rengfh r•la+•'onshrp· 

'rm 1114-8 - 65 -



EXAMPLE Gi. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - 11 

PAVING MATERIAL INFORMATION 

10 10.0 Card type _______________________________________________________ ~~ 

~ 

10. 1 Layer designation number ------------------------------------------------------------------+1'31""'1 0 
10. 2 .Letter code of materia 1 -----------------------------------------------------+=~=-1 

10.3 Name of material A s p ~ ~ L T 5 T lA B 'B A. 5 E 

10.4 

10.5 

12 13 14 15 16 17 18 19 2C 21 22 23 24 25 26 27 28 29 

In-place cost/comp. - C.Y. ($) -----------------------------+lb,;:;.f5~1-•+0::;:..f0=-11 
3132 33 34 35 

stiffness coefficient ------------------------------------------------+1 ~=+-•---11-=8~1-=-lSI ~41 42 43 

10.6 Min. allowable thickness of initial const. (inches) ----------*.:..:._-+1-l-~+•+0=-fO~I 
~7 48149 50 51 

10.7 Max. allowable thickness of initial const. (inches) ________ *...;,__;,:*--+l...:.l+O~II-•-+1.:;.0+0~1 
55 56 57 58 59 

10.8 Material's salvage value as % of original cost -----------+-ll-+14..~..f0~1 
62 63 64 65 

10.9 Check* Ill 
till 

-il- Min l·rnum de p+hs of rnaf~ria Is A., 8 1 1 C o( thi5 pr~blern 
Will equ..; I a·· ~nd com pi~ with +n~ minunum 
+nick. ness r~c om mend •+to~ /or S~rt"ti- r&g r·d lalj~,.,. 

H Op~ning +he reaf"\9e -ft)r +kts m.-,t~ ria I .a flows 
ma+~r·&als A,3,&C. +o optimi-.,e in_, 
cos+ - f h;cl:nl'ss - '5fre "9+ h r e Ia+ ions hip. 

Form 1114-8 - 66 -



E><AM PLe G j. 
TEXAS HIGHWAY DEPAllTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - 11 

PAVING MATERIAL INFORMATION 

10.0 Card type~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I~O [iliJ 

10.1 Layer designation number ~~~~~~-~---~~----~~-~~ffi~~ 

10.2 Letter code of material ~--------~~~~~----~~~-+.!~~8 ' 

10.3 Name of material FL EX 18 L E 5Ais E 
12 13 14 I~ 16 17 18 19 20 21l2i2~ 24 2~ 26 27 28 29 

10.4 In-place cost/ comp. - c. y. ( $) -------~-~~-~-~----~-l=zt!...' ~·~1~0=-ll~o I 
>132 33 34 35 

10. S Stiffness coefficient -----~~--~-----~~~~-t~ 0::..~t-·-1l-=5=-l1~51 
434142 43 

10.6 Min. allowable thickness of initial const. (inches) -~~~~~~I-47+1:=+!:-9L:!9:...~FI~=-1, I 
10.7 Max. allowable thickness of initial const. (inches) ---~~~-1~'=:-+\=l=t-l~•tO:;.f~J 

55 56 57 58 5~' 

10.8 Material's salvage value as 1. of original cost ~~~~~~--~--+l-t-t1:...~5~1 
6263 64 65 

10.9 Check*--------~---~-~--~~-----~~~--~~~nl~/ 
~ 

-67-
'orm 1114-8 



E~AMPLE bk. 
TEXAS HIGHWAY DEPARTMENT 

FLEXIBLE PAVEMENT DESIGN SYSTEM 
FPS - ll 

PAVING MATERIAL INFORMATION 

10.0 Card type ____________________________________________________ ~~~O~ 
[ill] 

10.1 Layer designation number ________________________ .J..!:~~~ 

10.2 Letter code of material -------------------------------1-~=-l~ 

10.3 Name of material L I f1 E 17 I? T lD s u 8 G R A D E 
12 13 14 15 16 17 18 19 20 21 2<= 23 24 25 26 27 28 29 

10.4 In-place cost/ comp. - C. Y. ($) ----------------------t.!...J ~~=-t-•-+1 ~0t0~1 
3132] 33 34 35 

10. S Stiffness coefficient ----------------------------~1~~=+4-~~~;::::.2+:1:~,1 

10.6 Min. allowable thickness of initial const. (inches) ________ ....... *=--t-r841-·-+ID::.fO::.....jl 
47 48 49 50 51 

10.1 Max. allowable thickness of initial const. (inches) -----------~--+~:-:'~B~!~•...fiO~b=--!1 
ss 56 57 sa§ 

10.8 Material's salvage value as '7. of original cost ----------------11f--.+l..!..(f0::::..}0~1 
62 63 64 65 

10.9 check*--------------------------------~4~~~----~~~0 till 

-v;* Las+ mate rials c. a r d m\.\s+ b~ c.oded 
,, ~~ r-o" 

. 
'"" c.o\u.mn SO. 

- 68 -
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Example 7a 

TEXAS HIGHWAY DEPARTM£~T ,,s • tt 
~LEWJBLE PAV!~ENT OESIG~ 

DIST, COU~TY CONTI lfCT: HIGHWAY 
SPL 1 G t 

DATE IPf PAGE 
t 28 SLEEPY HOLLO~ t•oJ ot 07•U•~'Z tooz 

******************************************************************************** 
CO~~fNTS AAOUT THIS P~~BLE~ 

LIMITS I ,RnM SUNOOWII,j ROAD, S!llJTH 7,6 MILES 
TO I COUNTRY CLUB RnAO 

PRELIMINARY OESJG~o,j FOR THE t4~~ 4X PROGRAM, 

StJ811liTTrD BY I JOHN J, DOF 

******************************************************************************** 
8A~t~ DESIGN CRITERIA 
********************* 

LENGTH OF THt ANALYSIS P£RtOn (YEARS) 
MINIMUM TIME TO Ft~ST nvFRLAY (YEARS) 
MINIMUM TIHE 8fTWEEN OVERLAYS CVEARS) 
MINIMUM SERVICEAAILTTY INDEX Pl 
DESIGN CONF!n!NCE LEVEL 
INTEREST RATE OR TIME VALU~ DF ~ONFY (PERCENT) 

PROGRAM CONTROLS-AND CONSTRATNTS 
******************************** 

NUMBER OF SU~MARY OUTPUT P~GE~ D!StAEO t 8 DESJGNS/PAGE) 
MAX rUNDS AVAILABLE PER SQ.YO, ,OR lNlTJAL D[SJGN (DOLLARS) 

lO,O 
tn,o 
8,0 
1,0 
n 
4,0 

MAXIMUM ALLOWED THICKNESS nF JNlTlAl CONSTRUCTION CINCHES) 
ACCUMULATED MU DEPTH nr ALL OVERLAYS CINCHFS) CEXCLliDlNG L EVEl•liP) 

TAAFF IC DATA 
************ 

lOT AT BEGINNING 0, ANALYSTS PfRIOO CV!HitLf.SIDAV) 
ADT AT END OF T~ENTY VEARS (VEHICLES/DAY) 
ONE•OIAECTION 2~ 1 •VfAR ACCUMULAT£0 NO, DF EQUIVALENT t8•KSA 
AVERAGE APPROAtH SPEED TO THE OVERLAY ZDNEC~PH) 

AVERAGE SPEED THROUGH OVERLAY ZONE (OVERLAY DIRECTION) (lllP~) 

AVERJGE SPEED THROUGH OVERLAY ZONE (NDN•OVEALAY DtR!CTtON) (MP~) 

PROPORTION OF ADT ARRIVING EACH HOUR 0~ CONSTRUCTION (PERCFNT) 
PfRCENT TRUCKS I~ AOT 

!NVlRO~MENT AND SUBGRAD! 
************************ 

OISTAJCT TEMPERATURE CONSTANT 
S~ELLING PROBABILITY 
POTENTIAL VERTICAL RIS£ CINCHES) 
SW[LLING RAT£ CONSTANT 
SUBGRADE STIFFNESS COEFFICIE~T 

- 69 -

16800, 
43200, 

uaoooon, 
55,0 
zs.o 
41S,O 
6,~ 

11,0 

lf»,O 
o,eo 
5,00 
o,to 
0,22 



Exanple 7b 

TEXAS HIG~WAV DEPART~ENT 
FPS • 11 

FLEXI8L£ PAYE~f~T OESIG~ 

OIST, COUNTY CONT, S!'CT, 1o4IGHWAV 
SPL tOt 

~ATE YPE 
lA SLEEPY ~OLLn~ 1003 09 07•tta•82 ~ooz 

INPIIT DATA CONTINIIFD 

CONSTRUCTION AND MAINTFNANCE DATA 
********************************* 

SERVICEABILITY INDEX OF Tlo4E INITIAL STRUCTURf 
SERVICEABILITY INDEX Pt AFTER A~ OYFRLAY 
MINI~UM OY[RLAY THICKNESS CINC!o4ES) 
OVERLAY CONSTRUCTION TIME CMOURS/DAY) 
ASPHALTIC CONCRETf COMPACT[~ DE~SITV CTO~SIC,Y,) 

ASPI-IALTIC COfi!CRETE PRODUCTION RATE CTONS/Io41)1JR) 
~I~TH OF EACH LANE (~EfT) 

'IRST YEAR COST 0' ROUTI~E ~AINTFNANCE CDnLLARS/LAN!•MILf) 
Afi!NUAL INCREMENTAL INCR~ASF. IN MAINTE~A~Cf COST CDOLLARS/LANf•MILEl 

DETOUR DESIGN FOR OVERLAYS 
************************** 

TRAFFIC MODEL USfD nURING OVERLAYING 
TOTAL NU~RER OF LANES nF THE FACILITY 
NUMBER OF OPFN LANES IN RESTRICTED ZONE (OVERLAY ntRrCTJON' 
NUMBER OF OPEN LANES JN R£STRICTED ZONE (NON•DVERLAV DIRECTTON) 
DISTANCE TRAFFIC IS SLOWED COVERLAV DIRECTION) (MILES) 
DISTANCE TRAFFIC tS SLO~!D C~ON•OV!RLAY DI~ECTJON) C~ILES) 

DETOUR DISTANCE AROUt\10 T~E MVERLAV ZONE (MILfS) 

PAVING MATERIAlS INFORMATION 
**************************** 

~ATfRULS COST STR, ~nN, 14At, 
LAYER CODE NA"lf PER CV COEFF, DEPT!o4 DEPT!o4 

t A ACP TV D 80,00 O,ta6 1,50 t,s~ 

2 8 ACP TY C 10,00 0,96 l,SO 6,0t' 
] c ASPHALT STA~ 8ASE 65,00 0,85 •• oo to,on 

" 0 FLEXIBLE RASE 21,00 o,r;s 6.00 1l,OO 
5 E LIMf TRTD SU8GRADE u. 00 0,35 8,00 e,on 

- 70 -

SALVAGE, 
PCT, 

30,00 
30,00 
00,00 
15,~0 

too,oo 

PAGE 
l 

,,,. 
4,2 
t,'l 

"·0 
1,80 

tso.o 
12,0 

:soo,oo 
1211i,OO 

~ 

6 
2 
3 
o,eo 
0 1 b0 
o,o 



PAOB DIST. COUNTY 
M•] l8 SLEEPY HOLLOIJj 
FOR THE l LAYER DESIGN WJTfo4 

MATEHULS 
LAYER CODE NAME 

t A ACP TY 0 
2 8 ACP TY C 
3 c ASPHALT STA8 BA8E 

SUBGAADE 

Example 7c 

TE~AS H!G~W&V DfP&AT"ENT 
FPS • tt 

~LE~!8LE PAVE~ENT DES!G~ 

CO~T. SECT. HISHWAY DATE 
1403 oq SPL tOt 07•t••e2 

Tfi4E FOLLn~tNG MATERIALS•• 
COST STA. 114I~~ tUX 1 SALVAGE 

PEA CY COfFF • DfPTH DEPTH PCT. 
80.00 n.•e. t.5o t.so Jo.oo 
70.0(1 o,,, 2.50 6 1 00 !0.0(1 
115.00 o.es 'l.nn to.on ao.oo 

o.·zl 

!P[ 
•ooz 

THE CONSTRUCTION RESTRICTIONS ARE TOO BINDING Tn OAT&I~ A STAUCTliAE 
THAT WILL "EET THE MINJ"UM T!~f TO THE FtAST OVERLAY AfSTRtCTION. 

- 71 -
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PRn8 DJST. C:OUNTY 
"'•] llll SLfEPY HnLtOW 

Exanple 7d 

TEWAS ~Jr,HWAY D[PART~ENT 

,,s . " 
'LrXJBlf PAVf~rNT n£SJGN 

cnNT. SFCT. ~Jr.HWAY 

110) "' I IlL 1 0 I 
nATE JPE PAGF. 

07•l"•"l «~onl .. 
FOR THE 0 LAYfR DE~IGN WJT~ THf. 'nLLnWTN' ~ATfRIALS•• 

LAYER 
l 
l 
] 

0 

I 

MATEAJAL~ COST STA. MTN. MA)(• ULVAGE 
COD£ NA"'f PER CY COEF'~ nP:PTH nr~tT~ ~trT. 

A ACP TY n "n.oo "'·"· t.rtn t.-;o Jo.no 

" ACP TY C 70.00 o.«~t. ?.15n &.on Jo.no 
c ASPHALT STAB AA~f "5.on n.85 a.nn 10.0~' ao.oo 
D 'LEXIALf fUSF. i't.oo 0.15~ •·o" n'.on 75.on 

SU8G~ADI:: 0.22 

THE nPTJMAL OfStGN FUR THE MATERIALS UNDEP CONSIOFRATIO~•· 

FOR INTTJAL CONSTRUCTJnN T~! DEPTHS SHnULO AE 
ACP TY 0 t.~n TNCHE~ 

ACP TV C o.5n INCHF-S 
ASPHALT STAA 8A~E t..oo INCH£8 
FLEXIRLE AASf tl.OO INCHES 

THE LIFE OF THE INtTAL STRIICTURE • tt • YFAIU 
THE OVfALAY SC~(DULE I~ 

z.oo (INCH(£S) (JNCLliOJNG 0.5 INCH U'VEL•UP) AFTf'R 

TOTAL LIFE • 21. VFARS 

11. HARSe 

SERVICFAAILITV LOSS DUF TO SWELLING CLAV I~ EACH PERFO~MANCE lltERJnn TS 
(t) o.81l 
(~) o.2~7 

TH£ TOTAL COSTS PER S~. YD. ,OR THESF CONSIDf'RATIONS ARE 
INITIAL CnNSTRUCTION COST 1.9.«111 
TOTAL ROUTINE MAINTENANCE cnST t.t25 
TOTAL OVERLAY CnNSTRUCTJQN cn~T t.722 
TnTAL USER cn~T DURING 

OVERLAY CONSTRUCTION ~'.045 

SALVAGE VALUE •?.535 
TnTAL OVf'RALL COST ]n.273 

NUMA£R OF FEASIALE D!SJGNS !XAMIN~D ,nA THJS SET •• 327 

AT THE OPTI~AL SnLUTION,TH£ FOLLOWING 
AOUNnAAY AfSTRICTJONS ARE ACTIVE•• 

l. THE "'INT~U~ DEPTH OF LAVf.R l 
2. THf IIIAXI~UM DEPTH OF LAYf.R t 
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Example 7e 

TEXAS HIGHWAY ~EPARTMENT 
'PS • 11 

FLEXIBLE PAVE~ENT DESIG~ 

PROB DJST. COUNTY CONT. IECr. HIGHWAY ~ATE IPE 
M•l 28 SLEEPY HOLLOW soo3 o• S'L tot 07•t••e2 •ooz 
'OR THE 5 LAYER DESIG~ WITH T~f FOLLOWING MATERIALS•• 

LAYfR 
l 
2 
l 

• 5 

5 

MATERIALS 
CODE NA~E 

A ACP TY D 
8 ACP TY C 
C ASPHALT STAB BASE 
D 'LEXIBLE RASF 
E iJME TRTD SUBGRAD£ 

SUB GRADE 

COST STR. MIN. MAX, SALVAGF 
PER CY COEFF. DF.PT~ DEPTH PCT. 
80~oo o,•• t,5o 1,5o so.oo 
1o.oo o.•• 2,50 •,oo Jo.oo 
.s.oo o.8s o.oo to,oo oo.oo 
21~00 o~55 •~on 12,00 75.oo 
to.oo o.Js 1,oo 1,oo 1~o.oo 

o.22 

T~E O,TJMAL DESIGN FO~ THE ~ATERIALS UNDfR CONSIDERATION•• 
FOR INITIAL CONSTRUCTfn~ THE DEPTHS SHOULD "E 

ACP TY D 1,50 J~CHfS 
ACP TY C J,no J~CHES 
ASPHALT STAA BASE 5.50 I~CHES 
FLEXIBLE BASE 12,00 t~CHES 
LJME TRTO SUBGRADE 8.00 I~CHES 

THE LIFE OF THE INJTAL STRUCTURE • 11. YEARS 
THE OVERLAY SC~EDULE tS 

PAGE 
7 

2.00 (JNCHCES) (INCLUDING 0.5 INCH LEVEL•UP) AFTER tt. YEARS, 

TOTAL LIFE • 21. YEA~S 

SFRVICEABillTY LOSS DUE TO SWELLING CLAY IN EACH PFRFORMANCE PERIOD IS 
o > o.87' 
(2) 0,2,. 

THE TOTAL COSTS PER SQ~ YD, 'OR THESE CONSIDERATIONS ARE 
INITIAL CONSTRUCTION COST 2,,20~ 

TOTAL ROUTINE MAINTE~ANCE COST 1~125 
TOTAL CVFRLAY CONSTRUCTION COST 1.72~ 

TOTAL USER COST DURING 
OVERLAY CONSTRUCTION 0.045 

SALVAGE VALUE •2.870 
TOTAL OVfRALL CnST 2'~2]1 

NUMBER OF FEASI8LE DESIGNS EXAMINED 'OR THIS S!T •• 508 

AT THE OPTIMAL SOLUTJON,THE FOLLOWING 
BOUNDARY RESTRlCTIONS ARE ACTJV!•• 

1, THE MINIMUM DEPTH 0' LAYER t 
2. THE MAXIMUM DEPTH OF LAYER 1 
3. THE ~INIMUM DEPT~ OF LAYFR 5 
o. THE MAWJMUM D!PTH 0, LAYER 5 
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Exanple 7f 

TEXAS ~IGHWAV DEPART~E~T 
FPS • 11 

'L!XIBL! PAV!~E~T DESIGN 

C~U~TY CONT, SECT~ HIGHWAY DATE 
SLF.EPY HOLLO• tOOl o• SPL lOt 07•1'•~2 

SUMMARV OF THE BEST DE91G~ STRATfGifS 
IN ORDER OF I~CAEASI~G TOTAL COST 

1 l 5 

!PE 
'OOl 

., 

PAG£ 
8 

******************************************************************************** 
~ATERIAL ARRANGEMENT lACDE ABCDE AACDE &ACnE AACDF. ABCDE ARCDE A8CDf 
J~IT, CONST, cosT 1•.2• 28~3., 2•.to 2•.28 28,oo 2•,35 2•.•z 2•.22 
OVERLAV CONST, CnST 1.7?. 2 1 67 1.88 1.72 2,67 1,72 1,?2 t,A8 
USER COST 0,00 0,08 0,05 O,OS 01 08 O,~S 0,05 0,05 
ROUTINE MA!NT, COST t,t2 t,Oq 1~0· 1,12 t,o• 1,,2 t,ll t,oq 
SALVAGE VALUf •2.87 •2.'7 •2.88 •2~86 •2,q& •2,~5 •2,81 •2,11 
******************************************************************************** 
TOTAL cosT 2•,23 z•~zo z•,2a 2•.1t zq,JJ z•.J• z•.•8 z•.~t 

******************************************************************************** 
NUMBER OF ~AYERS ~ 5 5 5 ~ 5 5 5 
***********•******************************************************************** 
LAYER DEPTH CINCHES) 

oct) t,5o 1.5o t~5~ t,5o 1,5o ·1,50 1,so t.5o 
OC2) 1.oo 1.5o 2.sn 3.5o 4.o~ o.oo 1,50 5,oo 
DCl) 5.5n o,5o 6~oo 5~oo 4,oo •.~o o,oo a.oo 
oco) 12,oo tz~oo 12.oo 12~oo 12,00 12,00 12,00 10,00 
0(5) a,oo 8~oo 8~oo a.oo a,on A.oo 8.oo e.oo 

******************************************************************************** 
NO,OF PERF,PERIODS 2 3 2 2 l Z 2 2 
******************************************************************************** 
PERF, TIME (YEARS) 

T(t) tt, tO, 10~ lt~ tO~ 
T(2) it. 20, 20. 21. 20, 
Tel) 30, :u • 

' t • 
22. 

******************************************************************************** 
OVERLAY POLJCYCJNCH) . 
(I~CLUDJNG LEVEL•UP) 

OCt) z.o z.o 2~n 2.0 2.0 
0(2) 2.0 2,0 

******************************************************************************** 
SWELLING CLAY LOSS 

(SERVICEABILITY) 
SC(1) 0,88 0,85 O~A7 n.8q 0,86 
SCCZ) o.lo o.lo n~3o n.lo o,1n 
SC(l) 0,12 0,12 

******************************************************************************** 
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Example 7g 

TEXAS WJGHWAY OEPART~ENT 

FPS • 11 
FLEXIBLE PAVE~ENT DEStGN 

COUNTY CONT. SfCT~ HIGHWAY DATE 
SLEEPY HOLLOW 1803 0' SPL 101 01•1'•~2 

SUMMARY OF THE lEST DESIGN STAATfGJfS 
JN ORDER OF JN~AEASI~G TOTAL CnST 

10 11 'l l) tS 

PAGE 

' 

******************************************************************************** 
MATERIAL A~ANGEMENT AAC"F. A8CDf A8COE ARCOE A8COE ABCDF A~CDF ABCDE 
INITe CONSTe COST z•.es 2~~78 29~01 2'•'2 z•.o8 2'•'' 2'•15 10.0~ 
0¥[ALAY CONST. COST 1.72 t,e~ 2~70 1~12 2.~1 1.12 2.~7 1.12 
USER COST o.oa o.os o.o~ o.na o.os o.n5 o.o~ o.ns 
ROUTINE MAJNT. COST 1.12 !~0' 1~0· 1.t2 t.o• 1.12 1.0. 1.12 
SALVAGE VALUE •2.80 -~~85 •2•'" •2~81 •2.'1 •2.~2 •2.'2 •2.81 
******************************************************************************** 
TOTAL COST 2'•'0 zq.•o 29~'5 29.•& 29;'' JO.Ob 30.08 30.10 
******************************************************************************** 
fiiUMBER OF LAYERS ~ 5 5 5 II§ 5 ' 5 
*******************···~························································· 
LAYER ~EPTH CINCHES) 

OC1) t.sn t.so 1.sn 1~sn 1.so t.5o t.so 1.so 
OC2) 3.oo 2;sn 3~so 1.so "·nn · o.no o.so a.so 
DCl) b.5n 7;no 5,5o 6.oo 5.on 5~50 o.so 5.oo 
oco) 1o.oo to.on tn.on tn.no 1o~on 1o.no to.no to.oo 
OC5) 8.oo ~.oo 8.oo 8~oo 8.on 8.no 8.oo e.~o 

******************************************************************************** 
NOeOF PEAF 1 PERJODS ? 2 l 2 l l l 2 

······~········································································· PEAF 1 TIME (YEARS) 
T(t) 1t. so. tn. ''· to; 11. to, 11. 
TC2) 2t. zn. u. z,. 20. 21. zn, ?2. 
TCl) 11'1 1 3ft. lt. 

******************************************************************************** 
DVERLAV PO~ICVCJNCH) 
(INCLUDING ~fVEL•UP) 

OCt) 2.o 2.n 2;o z.o 2.o z.n z.o z.o 
OC2) 2.·n z.o z.n 

******************************************************************************** 
S•ELLING CLAY LOSS 

CSERVJCEABJL JTY) 
scct) o~87 o~8~ o,85 o.~A o.es o.8, o.8~ 
SCC2) o.Jo o.Jn o.Jn o.Jo o.Jn o.2• o.Jo 
sc ()) 0 • 13 0. 1 ~ 0. 12 

******************************************************************************** 
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28 

Example 7h 

TEXAS HIGHWAY OfPARTNENT 
I"PS • 11 

FL!Xt8L! PAV!~FNT DEStG~ 

COU~TY CONT, SECT~ HIGHWAY DATE 
SLF.EPY ~OLLOW 1'10] nq SPL 101 07•1q•~Z 

SUMMARY OF THE BfST OfSJGN STA&TFGIES 
IN ORDER O' J~CAEASl~G TOTAL COST 

17 'q 21 

IPE 
•ooz 

PAiif 
l 0 

******************************************************************************** 
MAT~AIAL ~AA~GEHENT AACOE ABCD AACD A~COE A8tD ARCO A8CD ABCD 
1NlT 1 CO~ST, COST 2q~qJ zq.ql 2q~A5 30~no 2q,qq zq,•5 30,0~ zq~22 

OVERLAY CONST, COST 1.8~ t:7z 1.8A 1~88 1.72 2,1'1 1,72 ~.&7 
usER cosT o.o5 o.oa o.~s n.os o,o4 o.n8 o,os ~.~e 

ROUTINE HAJNT, COST t.nq 1.12 t:oq t.oq 1,12 1,n~ 1,12 1,0q 
SALVAGE VALUE •l.~q •2~50 •2.55 •2.~8 •2.52 •2.62 •2.51 •2.~1 

******************************************************************************** 
TOTAL COST 30.2~ 30.27 30:32 30~30 30.3~ 1n.o1 3o.oa 30.45 
******************************************************************************** 
NU~BEA OF LAYERS ~ a 4 S a 4 4 a 
**********************•********************************************************* 
LAYER D~PTH CI~CHES) 

D(l) 
0(2) 
0C3) 
O(a) 
0(5) 

1. 50 
s.so 
4.15n 
8,00 
e.oo 

t. 50 
o.so 
e..oo 
12~00 

t~SO 
ca.oo 
e..so 

sz.oo 

t.sn 
~.on 

a.nn 
l'.oo 
A.no 

t.sn 
s.ol'l 
s.so 

t2,on 

.1 • 'i 0 
5.-;o 
a.5o 

12.(\0 

t.5o 
s.so 
5.oo 

12.nn 

, .15 0 
~.oo 

a.on 
t2.00 

******************************************************************************** 
NO.OF PERF,PEAIODS ? 2 2 2 2 3 l 3 
*****r************************************************************************** 
PERF, TJHE CYEAQS) 

T(1) to, tt. to. to. tt. to, tt. so. 
TC2> zn. 21, zo; ?.o. 21. 19. zs. zo. 
H3l 30. 'H• 

******************************************************************************** 
OVERLAY POLICYCINCH) 
(INCLUDING LEVEL•UP) 

oct> 2.0 2.n 2.0 2.0 2.0 2.n 2.0 2.n 
ocz> z.n 2.n 

******************************************************************************** 
SWELLING CLAY LOSS 
CS~AVICEABILITY) 

SC(l) 
SCC2) 
sc (3) 

o.ea 
0.30 

******************************************************************************** 

THE TOTAL NUMBER OF FEASIBLE DESIGNS cnNS!O£RED WAS f'l5 
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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 lA, "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 limitations 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 El/E2 becomes large and the 
thickness of the semi-rigid layer (Dl) 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 (01) 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 01 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 01 is increased the stress becomes less compressive and then 
at some degree of thickness 01 passes into tension. If the thickness 01 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. In 
repeating this for different modular ratios, the peak tensile value increases 
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FIGURE 13 
Critical Wheel Load Induced Stresses in Pavements 
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as the modular ratio El/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 Whee 1 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 
trafffc 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" tri.axial 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 recoi!ITlended 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. All FPS designs shall be checked by triaxial procedures 
to insure adequate cover over the subgrade. 
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Pavement Design Assistance By D-BPD 

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-BPD will assist and advise 
District personnel to the extent necessary. 

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

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

File D-BPD 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-BPD 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 

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' 

eoneeption is difficult to establish. The development of the 

Texa~ Triaxial Design procedure is generally credited to Mr. 

Chester McDowell, former Soils Engineer, Texas Highway Department. 

In the early 1950's, Mr. McDowell published various papers which 

were forerunners of the formal procedure. Mr. Frank H. Scrivner, 

former Research Engineer, Texas Highway Department, appat'ently 

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/ 

strain solutions in two- and three-layer elastic systeffis using 

the Burmister theory. It appears almost certain that these 

computations form the numerical basis of the Texas Triaxial 

Design System. 

As late •• 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. 

is made to the need for checking all FPS-generated designs for 
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Designer's Manual made reference to a "quick" or "short" triaxial 

design procedure. 

The Materials and Test Division, Fila D-9, maintain in 

their ~ADY§l gf !g~1ing Procedures, Test Method Tex-117-E, entitled 

"Triaxial Compressive Tests for Disturbed Soils and Base 

Mat er·i al s" • 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. 

!@•! ~@lQ2Q !@~=!!Z~L !~i2~i~l ~gmg~g~~i2D !@~!~ f2~ Qi§!Y~~gg 

e2i!~ §DQ ~~-@ ~~!@~iAl~ 

The triaxial design procedure designated as Test Method 

Tex-117-E may be divided into two vary 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 also 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 adequately 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 also a 

concern area. It is necessary to Justify the use of premium 

materials such as asphalt stabilized base if design cost 

optimization is to be achieved. The adequacy of the cohesiometer 

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 JUStification is not 

fully available. 

The flexible pavement design procedure defined as Test 

Method Tex-117-E is recommended when load repetitions are not 

excessive and when it is anticipated that the surfacing desigr• 

will be of the thin flexible variety. This procedure should also 

be used when the use of a full traixial design procedure is 

specifically desired. 

~29ifi~9 !~iA~iA! ~~~ign E~Q~~QY~@ fg~ U~~ ~itb lb@ E!@~ibl@ 

E•~•m~nt Qg~ign §~~tcm iEE~l 

The modified procedure is a 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 th• modified procedure be used 

for any other purpose than the checking of FPS designs for 

ov•rall triaxial adequacy to prev•nt subgrade failures. 

If full triaxial d•sign procedures ar• desired, the 

proc•dure outlin•d in Test Method TeM-117-E is recommended for 

usag•. 

Th• two triaxial design/analysis procedures available to 

D•partmental personnel are1 

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

2. Modifi•d TriaMial Design Procedure for Use with the 
FleMible Pavement Design System <FPS>. 

R•commendations conc•rning these triaxial procedures are as 

follOWI 

1. It is r•commended that all designs generated by the 
Flexible Pavem•nt Design System be checked for 
triaxial adequacy by use of the modified procedure. 

2. Th• modified procdur• is 02~ ~g g~ ~~~Q 
as the sole design procedure. 

3. When triaMial d•sign procedur•s are to be used •Mclu­
sively, it is recommended that the procedure outlined 
in Test Method TeM-117-E, be used. 
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SWELLING CLAYS IN THE FPS SYSTEM 



The obJective• of thia preaentation ia two-fold, firat a brief 
condenaed deacription of the equation aodeling awelling clay 
aerviceability loa••• in the FPS-11 coaputer prograa ia preaented 
and aecond there will be a auggeated procedure for applying the 
awelling clay perforaance loaa concept in the deaign of flexible 
paveaenta. 

The current awelling clay aodel in coaputer prograa FPS-11 waa 
develpped by Dr. Robert L. Lytton, Texaa Tranaportation 
Inatitute. Texaa A&M Univeraity. College Station. Texaa. The 
equation ia aa followa: 

-et 
PSI<Loaa> • 0.33S•C1•C2•<1 - • > 

PSI<Loaa> • Serviceabiity loaa due to 
Swelling clay coaponent. 

Cl • The fraction of a roadway length 
that baa expanaive clay in loca­
tion• that are likely to proaote 
voluae changea. 

C2 • The aaxiaua aaount of differential 
heave in inch•• that ia likely to 
be noted along a roadway. 

e • A conatant which deterainea the rate 
of heaving of the expanaive clay. 

t • The tiae <year•> aince initial con-
atruction. 

The aecond part of thia report diacuaaea a auggeated procedure 
£or applying the awelling clay per£oraance loaa concept to the 
deaign of flexible paveaenta. Thia procedure ia baaed on the 
£act that increaaing the paveaent thickneaa alone will not 
appreciably deer•••• the loaaea in paveaent aerviceability with 
tiae. Baaically it ia propoaed that a non-awelling condition 
ahould be deaigned for and conatructed, but the propoaed deaign 
ahould be re-run with FPS-11 uaing 100- awelling clay probability 
<Cl•l.O> to eatiaate the proJected e£fecta on perforaance. 

Figure 1, ProJect Layout, ahowa a propoaed proJect which ia aeven 
<7> ailea in length. Within the proJect liaita there ia a two 
<2> aile aection which containa aoila which are aubJect to 
awelling baaed on peat experience and laboratory teating. In 
thia exaaple 29 percent of the proJect haa aoila which are 
aubJect to awelling. If the fractional approach ia uaed •• 
auggeated in the FPS Manual it becoaea obvioua that the non­
awelling portion of the proJect will be alightly overdeaigned. 
The aection with •welling claya will alao have been increaaed in 
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thickneaa 
increaae 
e££ect" 
awelling 

in an e££ort to increaae per£oraance li£e. 
in paveaent thickneaa cannot produce enough 

to overcoae the tendency to ewell or swelling 
clay soila. 

A alight 
••aurcharge 
energy o£ 

The procedure preaented ia intended to aake the deaigner and 
planner aware o£ the £uture conaequencea o£ constructing a 
paveaent on a soil which haa awelling potential. It ia propoaed 
that flexible paveaenta be deaigned £or the non-awelling 
condition and investigated at the 100 percent swelling condition 
to deteraine or anticipate the £uture aaintenance and/or 
rehabilitation requireaenta in thoae areaa where the awelling 
aoil• .. are preaent. Figure 2, E££ecta o£ Swelling Claya on 
Paveaent Per£oraance, diagraaa the reaulta o£ awelling clays on a 
given paveaent deaign. The upper diagraa indicates the 
per£oraance expected on a design i£ swelling clays are not 
preaent. The paveaent deaign in queation ia as £ollows: 

1" Asphaltic Concrete Paveaent 
10" Flexible Baae 
12" Foundation Courae 

Natural Subgrade <Coe££icient = 0.24> 

Aa noted the initial per£oraance period is 14 years at which ti~e 
a 1.5 inch aaphaltic concrete overlay ia expected to extend the 
per£oraance period out to 24 yeara. Looking at the lower part o£ 
Figure 2 the e££ecta o£ awelling claya <100 percent> on the 
per£oraance o£ the above noted deaign can be observed. The 
initial per£oraance period haa been reduced to 6 years when a 1.5 
inch aaphaltic concrete overlay ia required the aecond 
per£oraance period terainatea at 14 years when another 1.5 inch 
aaphaltic concrete overlay is required. The third and £inal 
per£oraance period will extend out to 24 yeara. The consequences 
o£ the awelling claya on thia design are the reduction o£ the 
initial per£oraance period and the requireaent o£ an additional 
overlay within the analyaia period. The deaigner needs to ~ake 

financial plana £or the additional overlay which will be within 
the deaign period. The aecond point to conaider ia whether the 
ahort or reduced per£oraance perioda are acceptable. 

There are procedures auch aa ponding, vertical aoiature barrier• 
and deep undercutting which have potential to eliainate or at 
leaat reduce the e££ects o£ awelling claya on per£oraance, but 
these procedure• are coatly. This preaents the need £or a coat 
benefit study with reapect to reducing £uture aaintenance or 
rehabilitation and alao the enhanceaent o£ the deaign by 
achieving longer per£oraance perioda. 

To give the deaigner a £eel £or the reducton in serviceability 
due to awelling claya Figure 3, Plot o£ Swelling Clay Losaes, haa 
been prepared. As noted under C1, the plota in Figure 3 are on 
the baaia o£ 100 percent awelling claya. 
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The FPS-11 prograa, on ita output aheeta, print• out the 
aerviceability loaa due to awelling clay in each per£oraance 
period. Theae valuea indicate what part o£ the aerviceability o£ 
a paveaent ia being uaed to aatia£y the awelling clay requireaent 
thua the reMainder ia available to tra££ic deaanda, etc. 

To uae the plota in Figure 3, it ia neceaaary to know the 
potential vertical riae <heave>, the awelling rate conatant and 
the tiae period in queation. In the Flexible Paveaent Deaigners 
Manual <FPS Uaer'a Manual>, Figure 6.3, Noaograph For Selecting 
Swelling Rate Constant, providea a aeana o£ eatiaating the 
awell~ng rate conatant o£ a aoil. Froa thia figure it ia aeen 
that the awelling rate conatant ia a £unction o£ aoiature aupply 
and aubgrade aoil fabric. Exaaple ProbleM No. 1, which ia 
attached, outline• the uae o£ Figure 3 by uae o£ a aiaple exaaple 
problea. 

The aaxiaua heave anticipated can be equated to the Potential 
Vertical Rise <PVR> o£ a aoil aa defined in Teat Method Tex-124-
E, "Method £or Deteraining the Potential Vertical Riae, PVR''. 
Another aethod o£ estiaating the vertical heave would be to 
exaaine an older exiating paveaent with reapect to the aaount o£ 
level-up that has been neceaaary in areaa where aiailar awelling 
clays exist. The aethod described in Tex-124-E could be a costly 
laboratory analysis procedure and the bene£ita £rom accurately 
knowing the aaount o£ potential heave veraua a rough eatiaate 
have to be conaidered. 

In auaaary, it ia the intention o£ this report to preaent a 
auggested procedure £or applying the awelling clay per£oraance 
loaa concepts of coaputer prograa FPS-11 to the deaign o£ 
flexible paveaenta. Basically the paveaent deaigner ia urged to 
deaign £or the non-awelling condition, but to check the propoaed 
deaign by reapplying FPS-11 with the awelling clay coMponent aet 
at 100 percent. The reaulting per£oraance periods and overlay 
requireaenta should be reviewed with reapect to acceptability and 
future funding requireaenta. 

Queationa concerning the concepts propoaed in thia report ahould 
be addreaaed to the PaveMent Deaign Section <D-8PD> o£ the 
Highway Design Diviaion. 
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Figure 3 

PLOT OF SWELLING CLAY LOSSES 

EQUATION= 
~PSI= 0.335*C1*C2*(1-e-~t) 

~PSI = Serviceability loss due 
to swelling clays. 

Cl = Fraction of project 
with swelling clays 
(Cl = 1.0 was used) 

C2 = Maximum heave 
anticipated, inches 

t = Time period, years 

-e =Swell rate constant 



The purpoaa o£ thia axa•pla probl•• ia to give the FPS 
inaight on the uae o£ the FPS awalling claya equation. 
attached Figura 3, Plot o£ Swelling Clay Loaaea, ia 
•odi£iad to ahow the working o£ the awalling clay lo•••• 
and to ~iagra• the solution o£ thia axa•pla probl••· 

Givan: C1> 6 year per£or•ance period 
C2> 100- o£ proJect aub)act to awelling 
C3> Swell rata • 0.12 
C4> Potential Vertical Riaa • 5 .. 

uaar 
Tha 

baing 
chart 

Find: The loaa in pav•••nt aervicaability due to the action o£ 
awalling cleya during e 6 year par£or•enca period. 

Procedure: C1> Enter tiae acele at 6 yeara. 
C2> Proceed vertically to the 0.12 awall 

rete lina. 
C3> Proceed horizontally to the 5 .. PVR line. 
C4> Proceed vertically to the loaa in 

aarvicaebility scala end reed 0.83. 

Answer: Loaa in aarviceebility in 6 years ia 0.83. 

- 98 -



0:::: 
0 

0.8 

G o.s~-4--~~~~-+-~F-t---+---~----1---1~~~--~~~--~---~--~--~~~:~~ 
<( 
LL 
-- 05~--~~~--~~~~~-4~~~-4--~--~~~~~~-~~~--~~~~~----i -I <I> 
I 

~ Q) 0.4 l-----.,._,_----1-+-----ill--+-----+---~---+------+------ +------jr--+----#--____,._~~T-,_ 
I 

- 0.3 --

0.2 

0.1 

10 15 
YEARS ( t) 

Figure 3 

PLOT OF SWELLING CLAY LOSSES 

EQUATION: 
~PSI= 0.335*C1*C2*(1-e-&t) 

~PSI = Serviceability loss due 
to swelling clays. 

C! =Fraction of project 
with swelling clays 
(C! = 1.0 was used) 

C2 = Maximum heave 
anticipated, inches 

t =Time period, years 

-9- =Swell rate constant 



THE FPS TRAFFIC EQUATION 



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: 

1. Beginning Average Daily Traffic 
2. Ending Average Daily Traffic 
3. 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, 11 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 a 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 traftJ. 
data analysis period, VPD. 

RT = One direction ADT at time • T, VPD 

I RT = RO ... ~ (RC-RO) I 
AC = Accumulated One-Direction Traffic!' 

for traffic data analysis period 

AT = Accumulated One-Direction Traffic 
at time = T. 

AC • 

NC • Accumulated number of equivalent ... 18-KSA for traffic data analysis 
period. 

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

NT= NC [ 2 ·RO·T +(RC-RO) 
C(RO+RC) ~ C 



TRAFFIC EQUATION DERIVATION: 

Step 1. 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 

m = traffic growth rate RC-RO = c 
Substituting thus: 

T RT = RO + C (RC-RO) 

Step 2. Accumulated One-Direction Traffic at time = T and C is the 
product of average rate and time interval: 

Step 3. 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 

Substitute for RT 

NT = NC [ 2·RO·T + (RC-RO) T2J 
C(RO;Rc) C 
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FPS TRAFFIC EQUATION - EXAMPLE 1 
ADJUST!v1EIH 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 
peri ad? 

·1980-2000 Traffic Data: 

Beginning ADT = 13,750 VPD 
= 31,650 VPD Ending ADT 

18-KSA Equiv. = 18,958,000 
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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 extrapolation. 

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) 
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TEST METHOD TEX-117-E 
"TRIAXIAL COMPRESSION TEST FOR 

DISTURBED SOILS AND BASE MATERIALS" 



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 soil 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 I 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 II describes an accelerated procedure 
which has been carefully correlated with the standard 
method of Part I. 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 dead 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 specimen 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. 

B. 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 

I. Apparatus used in Test Methods Tex-101-E 
and Tex·l 13-E 

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

3. Aspirator or other vacuum pump 
4. Air Compressor 
5. Damp room or moist cabinet equipped w1th 

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 0.001 

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. Circumference 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 I 
Axial Cells of Various S1ws 



Figure 2 
Capillary Wetting of Tr1axial Specimens 

Figure 3 
Press Assembly with Specimen in Place 

Test Record Forms 

Record test data on Form No. 1062, Figure 10, MID 
and Tnax1al Test Work Sheets. Figure 9, and Triaxial 
Compression Test Capillary Wetting Data, Figure 8. 
Alter test and calculations are completed, summarize 
res~lts on Tnax1al Test Summary Sheet, F1gure 15. 

2 
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Preparation of Sample 

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

PART I 

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 

I. Follow Steps I through 12 under procedure 
of Test Method Tex·ll3·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 l/4 
pound of dry material. These test specimens should be 
wet, mixed, molded and finished as nearly identical as 
possible. Identify each test specimen by laboratory 
number and specimen number. 

2. Immediately alter 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 l/2 
of the molding moisture content at a temperature of 
l40°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 c;., pillarity. 

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 eMmine 
the extent oi 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 lor capillary wetting. 

3. For moderately active soils that might crack 
badly if placed in an air dryer lor lull cunng time, dry 
at 140°F and cht'•~k frequently for the app.~arance of 
shrinkage cracks. If cracks appt'ar, e.xamme the extent 
of cracking as described under Step 2, and allow some 
air drying at room temperature during the cooling 
period beiore enclosing specimens in cells. 

D. Subjecting Test SpeC'imens to Capillary Ab· 
sorption 

I. The specimens are now ready to be 
prepared for capillary wetting. 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 20m. fold to 5 ln. 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 apecimen 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 112 inch below the bottom 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 surc:harQe 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 112 pound per square inch and for 
subgrade soils use l pound per square inch of end area 
of the specimen. Consider the weight of the top porous 
s1one as part of the surcharge weight, Figure 4. 
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5. Subject all flexible bose mah·nals ond soil~ 
with plash.:ity index of 15 or lf"!:S to capillary absorption 
for 10 days. Use a period of hme in days equal to the 
plasticity index of the material lnr subgradc aoils w1th PI 
above 15. Keep the specimens in thv damp room, 
equipped with spray system, during the period of 
capillary absorption. 

E. Preparing Specimens lor Testing 

Figure 4 

.. ,..,.., ..... " 

t "' 1 an•&l 
Hfl S5U~l 

I 

Schematic Arrangement for Capillary Wethng 

I. Disconnect air hose from cell, remove sur· 
charge weight and return specimens to laboratory for 
teating. Use a vacuum and deflate the rubber membrane 
to aid In removing the cell from specimens and discard 
filter paper. 11 any appreciable material clings to paper, 
carefully press It back Into the available holes along the 
aide of the specimen. 

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

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 "nd 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 
alter 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 5 
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 0.01 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 gaug1! during the com· 
pression. Set the dial of the strain gauge to read zero. 

3. Next, set the bell housing over the deforma· 
lion 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. Smce it is 
desirable to apply the compressive force along the ver­
tical axis of the test specimen, shift the bell 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, 5, 10, 15, 
and 20 psi. In cases where the load or stress is high 
(175 · 180 psi) for the specimen tested at IS 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 pro'vinq ring dial at each .01 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 tern-
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porary decreases in proving ring readings. The lest 
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 lest results unless large rocks 
appear to have created point bearing; in this case use 
highest value. 

G.' Obtaining Dry Weight of Specimens and 
Stones 

I. 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 lag 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 
l40°F and the dry weight obtained. This weight com­
pletes the test procedure. 

Calculations 

I. Volume of compacted specimen = volume 
per inch of mold x height of specimen. 

2. Calculate dry density of specimen as 
follows: 

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

3. Molding moisture = 

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

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

Where: 

Vs = VA - VM x 100 

VM 

Percentage volumetric swell 

Volume of specimen after capillary 
absorption 

VM = Volume of specimen as molded 

·s. Calculate the moisture before and after 
capillarity as follows: 
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Where: 

Me = Percent 
capillarity 

moisture. in specimen alter 

Ma Percent moisture in specimen before 
capillarity 

Me 
WA-Wa·WD 

X 100 
wD 

Ma = Wc-Ws-WD 
X 100 

wD 

WA = Wet weight of specimen and stones after 
absorption 

wa Wet weight of stones 
we = Weight of specimen and stones before 

capillarity 
wD Correct oven·dry weight of specimen 
Ws Dry weight of stones 

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

S = Q_x 100 
h 

s 
d = 

h 

Where: 

Percent stram 
Total vertical deformation at the given 
instant, measured in inches by deforma­
tion gauge. 
The height of the specimen in inches, 
measured after specimen is removed 
from capillarity. 

p = ~1 
A 

_2_) 
100 

Where: 

p = The corrected vertical unit stress in 
pounds per square inch 

p 

A 

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. 

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. 

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 .June 1962 

LAB NO . 
Sample No. 

Cell No. 

Lbs. of Added Surehoroe 

Dote Molded 

Dote in Air Dryer 

Dote in Capillarity_ 

Dote out Copi llority 

Heivhth in Copt llorlty 

Heivhth out Copillority 

Weivht ofter Air Dry 

Dry Weivht Stones 

Dry Weiq_ht So~~tple 

Weiollt Moisture In Solftple 

•.4 Moisture to Copi I Iori ty 

Weivht otter Coptll ori ty 

Wet Weioht Stones 

Wet Welt_ht So~~tple 

Dry Wei9ht So,..ple 

Wetoht Moisture in Solftple 

% Moisture offer Coplllority 

Remarks: 

Figure 8 
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M/D TR lAX IAL WORK SHEET 
LAB -NO. ____ _ 
__ -x, HYGRO ALLOWED 

Date Molded 

Samole No. 

COIIIDOC:tive f:lfort 

Toto I 'II. Water 

Pound 1 Motor I a I 

Pound a Wo ter Dot I rod 

Paunda Hygroacoplc: Water 

Pound a Water Added 

Tare Weight of Jor 

Weight Jor and Water 

Mo .. No. 

Wet Wt. Spocl111on a Mold 

Tore Welgllt Mold 

Wtt Wolollt SPOc:l•oll 

Helgllt of llold 

Oiol Reference 

Oiol Reading 

Height Spec: l•en 

Vol. per Linear IIICh 

Vol. of Spoc:l•on 

Wet Den11ty Spec l•on 

Dry Wei gilt Pall a Spec: I IliOn 

Tare Welollt Pa11 

Drt Wolollt IIAotorlol 

Welgllt Water 

Percent Water on Total 

Dry DenliiY 

Guoetl•atod Dry Dollllfy 

Figure 9 



FORM 1062 

Lab. No. ____ _ 
Specimen No. __ _ 
Lat. Preuure __ _ 
Date Molded __ _ 
Date luted __ _ 
No. Daya in Cop. __ 
* RlnQ Factor __ _ 
Dead Load Lbs. 
DL/A Pal .. 
Oefor- ~orrCI. 

Load . t::tif ... 

.0 I 

.02 

.03 

.04 

.OS 

.06 

.07 

.08 

.09 

.10 

. I I 

.12 

.13 

.14 

.IS 

.16 

.17 

.18 

.19 

.20 

.21 

.22 

.23 

.24 

.25 

.26 

.27 

.28 

.29 

.30 
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TRIAXIAL TEST DATA SHEET 

Area Circumference __ _ 
1/A AvQ. Dla. ___ _ 

* /A Strain Rate •.IS"/mln. 
____ ft. lba./cu.ln. Compaction 
lnltlol Vol. Flnol Vol. ___ _ 

S I .01 .01 
tra n • New Ht • ·----

t-Straln l~n ~~!~d Defor· ... 

.31 

.32 

.33 

.34 

.3~ 

.36 

.37 

.38 

.39 

.40 

.41 

.42 

.43 

.44 

.4!5 

.46 

.47 

.48 

.49 

.50 

.51 

.52 

.53 

.54 

.55 

.S6 

.!57 

.58 

.59 

.60 
Figure 10 
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UncorrCI. 
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Ht./ Stonu ___ _ 
Ston11 a __ 
New Helvht ----

~Vol. Swell __ _ 

,.. 
~ed 

1-Straln Strain 



Graphs and Diagrams 

1. Plot the moisture-density curve shown in 
Figure 8 ol 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 obscislk'!B represent normal 
stress, both expn!ssed 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 ol 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 ol each circle a distance of (V + L)/2 
(rom 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 lor each specimen tested at 
dillerent 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 on occasional specimen that is not identical with 
the other specimens in the Mme 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 
classihcation 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. 
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PART II 

ACCELERATED METHOD FOR TRIAXIAL 
COMPRESSION OF SOILS 

This accelerated procedure is based on a correla· 
lion with the standard method lor Triaxial Compression 
Test, Part I., performed on a large number ol d1llerent 
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 
lk'!mples 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·ll3·E wilh 
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 arid 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 ellort 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 5 thru II 

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 I. 

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

Group (c) 

Swelling Subgrade Soils, Plasticity Index of 12 or More. 

1. Obtain the plasticity index and hygroscopic 
moisture of these soils 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 frorri the 
following expression: 

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

100 

To determine the percent volumetric swell to be ex­
pected, use average condition in chart shown in Figure 
1 I or soil pressure Slide Rule. If Slide Rule is available, 
use A2 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 
c:ompactive 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, wil1 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. 

II 
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Group (d) 

Flexible &se and Subbase Materials W1th Aggregote 

I. When classilica!ion is required. weigh out 
enough material to mold 6 or more specimens, in in­
dividual pans, keeping the por!ion passing the No. 10 
sieve separate. Sprinkle all the soaking water on the + 
No. 10 aggregate portion in the mixing pan and allow !o 
soak for four or more hours. The soaking water is the 
optimum moisture as determined in Tex-113-E except. 
where the flat top curve exist5, then the soakmg woter 
should be the amount of the Jell side or dry sUe of the 
flat portion. 

2. When desired in te~ting base end subbase 
materi.1ls with aggregates, the bllowing procedure may 
b€- uSt:Cl where strengths are required. Begin :he M-D 
curvP as outlined in Test Method Tex·ll3·E and mold at 
least 2 specimens on the dry side of optimum moisture 
with the second specimen beinq slightly below optimum 
moisture. Weigh out the plu~ No. 10 porhnn of 9 
~cimens in individual pans and sprinkle the water as 
determined to be just below op!Jmum moisture on each 
specimen then stir so as !c) wet the oggregates 
thoroughly. As each pan is wet. weigh the contents to 
obtain the weight of pan + soil + water and record. 
Cover with a lid or suitable .-:over end stir contents 
every hour (or 3 times). Continue moldmg the M-D 
curve until optimum moisture and density are deter· 
mined. The difference between optir:lUm 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 drieci back at room 
temperature, by stirring, to the desired weight. 

3. Reploce any evaporated water. add in the 
material passing No. 10 sieve. m1x and compac!. 
Materials which con be compacted to the desired densi· 
ty without the addition of more water, should be molded 
at optimum moistures ± 0. I%. Many moterials require 
the addition of smell 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 112 lb per cu. ft. of the max­
imum cubic foot density of the original moisture density 
curve. It should be noted that exces5ive densihes can 
sometimes be obtained in the accelerated set but these 
are almost always very wet specimens and their resultant 
strengths can be misleading. 

4. Subject specimens to overn1gh~ capillarity. 

5. Test and if required classify in accordance 
with Part I. If strengths at Z!:'ro and 15 lb lateral 
pressures are specified, test !tve sp•'c:im•'ns nt zero 
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leterel confinement end three et 15 lb leterel confine· 
men! end everege the three highest values for eech stele 
of confinement for the control values. 

Note: When strengths et zero end 15 psi leterel 
pressures ere specified, it is permitted to run correlation 
tests on e given source of materiel. 

The correlation shall be es follows: As soon es three 
~etisfactory eccelereted test specimens have been mold· 
ed in accordance with Paragraph 2 above, two of them 
will be tested at zero lateral pressure end the results 
evereged -es one test. The third specimen wi II be tested 
et 15 pai lateral pressure. If these specimens pass it Is 
~efe to assume the set to be tested the next dey will 
pess. 

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 materiel as a swelling soil, end allow the + No. 20 
material to soak a minimum of 4 hours es do aggregate 
materiels. lt should be noted that the total swelhng is 
figured only lor 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 end classify. 

Notes: 

When testing aggregate materials under Part II 
where clessihcalion is required, test two specimens et 0 
psi end the others at 3, 5, 10 end 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 end 20 psi. 

Reporting Test Results 

The reports end forms ere the seme es given in Pert 
I of this procedure. 

Pavement Design Notes: 

After materials have been classified in accordance 
with Part I or Pert II end 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 end projected traffic data. 

2. Select e design wheel load from D-10, traffic 
data, end known local conditions. Consideration should 
be g1ven 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 Fiqure 16 to celculete total depth of 
pavement to protect the subQrede. 

3. Reduce tote! depth of pavement by using 
Figure 17 whenever stabilized layers ere used in the 
pavement structure. Enter above depth on ordinate of 
Figure 17 end follow across pege 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 reqerdless of thickness of stabilized layer ex· 
cept where asphaltic mixtures are used. The modlhca· 
tion of cohesiometer values for 3 inch high specimens 
for epplicetion to other thicknesses of espheltic mixtures 
is obtained by the following formula: 

Where: 

C C X t2 
m 

9 

Cm = Modified cohesiometer value 

C Standard cohesiometer value lor a 
3-inch height specimen 

Proposed th1ckness of Blluminous Mix· 
lures 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 eech course of the pavement structure. 
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5. 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 e 6 inch or greater !eyer thickness, use 
e value of 6 in. in the formula for t. 

2. When edjecent !eyers of stabilization end 
asphaltic concrete ere used, the cohesiometer value to 
be used with Fiqure 17 should be equal to the sum of 
the standard cohesiometer value for the stabilized layer 
end the modified cohesiometer value. of the asphaltic 
concrete. When two adjacent layers of stabilization ere 
used, or if e layer of untreated flexible base material ex· 
isis between asphaltic concrete and a stabilized layer 
only the greeter of the two cohesiometer values should 
be used in Figure 17. Considerable caution and good 



efl9lneerinQ judQement should be used in aelectlnQ 
cohesiometer values for uae In reduction of bue deptha. 
This ia especially true In cues where hot mtx-cold laid 
aaphaltic concrete Is bid aa an alternate to hot mlx 
uphaltic concrete laid hot. In the C4l8 of atabilized 
b.ues, subbaaes and subQrades, averaQe values rather 
than hiQhest values should be selected for uae in FiQure 
17. 

General Notes: 

1. Wetted stabilized materials taken from the 
roadway durinQ construction ahould be screened over a 
No. 4 sieve at.the field moisture content without dryinQ. 
Each of these two slzea ia mixed for uniformity and 
weiQhed. Specimens are then weiQhed and recombined 
with like amounts of plus No. 4 material. Moisture can 
be adjusted in each specimen by addlnQ to the plus No. 
4 material or removinQ from the minua No. 4 material 
by a fan, as needed. 
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2. See appropriate test method listed below for 
teatinQ wetted stabilized materials taken from . the road­
way durif\9 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 moldinQ a set of IPE specimens for 
testinQ lime atabilized subgrades and base materials, 
refer to FiQUre 3 in Test Method Tex-121-E for the 
recommended amounts of lime to be used. 
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Test Method Tex-117-E 

TRIAXIAL TEST SUMMARY SHEET Rev: .rune 1964 

TABLE NO._ 

Lab No. ______ ,County ______ Highway ___ Project ____ _ 

Material ______________ ldentificatlon ________ _ 

Description----------------------------

Opt. Molit. ____ Qpt. Dry Density ____ at Comp. Effort ___ ft.-lbs./cu. ln. 

Moldi~ t .. 

I 
Curing Data 
II Woter Cc otent 

Testing Data --

Cclpillory After After ~lied 

Water Moisture Drying Capillary Lateral 
SPecimen Percent Dry Density! Time Percent Dry Absorption Pressure 

No. Dry Weight Lbs./CuFt Doya Weight 'Ve Dry Wt. 

Figure 15 

-18-
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PSI 

I Ultimate 
~essive Percent Percent 

Strength Strain at Volumetric 
PSI Ultimate Swell 
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Rev: December 1982 

CRITERIA FOR OBTAINING THE LOAD-FREQUENCY DESIGN FACTOR 

Total Equivalent 18,000 Pound 
Single Axle Load Applications 

14,00 
25,000 
38,000 
61,000 

100,000 
150,000 
250,000 
400,000 
600,000 

1,000,000 
1.500,000 
2,500,000 
4,000,000 

10,000,000 

Design Wheel Load 
In Pounds (ADTHWL) 

6,000 
6,200 
6,300 
6,500 
6.800 
7,200 
7,900 
8,700 
9,500 

10,900 
12,000 
13,500 
14,900 
17,300 

*Load Frequency 
Design Foetor 

0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 
1.05 
1.10 
1.15 
1.20 
1.25 
1.35 

• A load-frequency design factor leas thl!ln 1.0 is not recommended for the design of the ml!lin 
lanes of a controlled access highway. 

Figure 18 

21 
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Test Method Tex-117-E 

Rev: December 1982 

SUGGESTED MINIMUM THICKNESSES OF SURF ACE COURSES 
INCHES 

Total Equivalent 
18 Kip Single Axle 
Load Applications 

When Tests Show Materials to be 
Specifications Grades• of Base Materials 

14,000 
25,000 
38,000 
61,000 

100,000 
150,000 
250,000 
400,000 
600,000 

1,000,000 
1,500,000 
2,500,000 
4,000,000 

10,000,000 

Grade 1 

ST 
ST 
ST 
ST 
ST 
ST 
1 1/4 
1 1/2 
1 3/4 
2 
2 1/2 
3 
3 1/2 
4 1/2 

Grade 2 

ST 
ST 
ST 
ST 
1 1/2 
1 3/4 
2 
2 1/4 
2 l/2 
3 
3 1/2 
4 
4 1/2 
5 1/2 

Grade 3•• 

ST 
ST 
ST 
1 1/2 
2 
2 1/2 
3 
3 1/2 
4 
4 1/2 
5 
5 1/2 
6 
7 

•It is assumed that the material in question is no better than the grade shown. 

••Exclusive· of Cohesionlesa Materials. 

Notes: ST denotes surface treatment.. 
Stage construction of surfacinc;r permitted If 
traffic studies Indicate slow development of 
axle load equivalencies. 

Figure 19 

22 
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Not recommended 
for use except 
where availability 
of better base 
materials is very 
expensive 



11 MODIFIED TRIAXIAL DESIGN PROCEDURE 
FOR USE WITH THE FLEXIBLE 

PAVEMENT DESIGN SYSTEM (FPS) 11 



MODIFIED TRIAXIAL DESIGN PROCEDURE FOR USE 

WITH THE FLEXIBLE PAVEMENT DESIGN SYSTEM CFPS> 

The modified triaKial procedure presented herein is intended 

to supplement the Department's computerized FleKible Pavement 

Design System CFPS> • FPS is outlined in I•~·· atat• ~-a~~tm~oi 

2! -~iub~~~• eo2 EY~li~ I~eo•gg~t~1i2DL ea~•m•nt ~~aign &~atemL 

Ea~i lL E!B~iel• Ee~~mmnt Q•aiun•~~• ~enY~l. Highway Design 

Division, 1972 (Revised through May 1983>. The modified triaKial 

procedure is briefly described on page 1A.3 of the FPS manual. 

It is recommended that all fleKible pavement designs generated by 

the use of FPS be checked by this procedure. 

The specific purpose of the modified triaKial procedure is 

to insured that all pavement design strategies proposed for 

construction have enough overall thickness to protect the 

subgrade against a compressive failure. 

FPS uses the number of repetitions of an 18-KSA 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-KSA equivalents is quite low while the 

wheel loads may be normal or greater than normal.· From this it 

is apparent that FPS has the potential to generate pavement 

design strategies with an overall or equivalent pavement 

thickness which would not satisfy triaKial 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 

B-129 



reducing the compressive stress on the subgrade are to increase 

(1) base course thickness, 

(2) surfacing course thickness, or 

(3) the rigidity of the upper layers <E 
1 

and E • 
2 

This, in effect, is saying that the overall thickness must be 

increased or the layerd materials must be made more rigid. 

The modified triaMial procedure proposed here is a 

modification of Test Method TeM-117-E as outlined in the 

In addition to the 

modifications, a step-by-step procedure and eMample problem are 

presented. 

!~Affi~a Traffic data for pavement design should 

be obtained from File D-10P of the Transportation Planning 

Division. For this procedure, the traffic elements needed are 

Average of Ten Heaviest Wheel Loads Daily <ATHWLD>, and the 

percentage of the trandem aMles in the ATHWLD, Figure 2, Tandem 

AMle Loads, shows an elementary diagram of stress 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 parent more than 

a single wheel load, thus a factor of 1.3 is used to modify 

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

the ATHWLD. 
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§yQg[§9• IEiAKiA! ~••••= An eatiaate of aubgrade triaxial 

claaa by aoaeone knowledgeable ia all that ia expected in thia 

aodified procedure. Thia ia one of the aaJor aodificationa to 

the procedure. 

~2b•1i2m•~•[ ~llw•= Credit in teraa of overall thick-

n••• reduction auat be allowed for atabilized and bound aateriala 

auch aa aaphaltic concrete paveaent, aaphalt atabilized baae. 

ceaent atabilized baae, liae atabilized aubgrade, etc., if theae 

preaiua-priced aateriala are to coapete with the unbound 

aateriala auch aa flexible baae, foundation courae, etc. The 

atabilized aateriala are generally acknowledged to be "atronger" 

than their counterpart• and thia coheaioaeter credit auat be uaed 

to JUatify their increaaed coat. Coheaioaeter value• can be 

taken froa previoua teating, froa Table 1 of thia paper, or froa 

an eatiaation by knowledgeable peraona, or a coabination thereof. 

It ahould be noted that the value• of Table 1 are aodified valuea 

to be uaed directly with Figure 17 of the Teat procedure. Valuea 

obtained otherwiae aay need to be aodified according to the 

£oraula on page 13 of the Teat procedure. 

L212 [[.QY•o•x ~•ai9D E1~~2E: The Load Frequency 

Deaign Factor CLFDF> for thia procedure ia to be uaed aa 1.0. 

The FPS aolutiona conaider the e£fecta o£ traffic repetition• 

(18-KSA>: therefore, thia aapect of the triaxial deaign procedure 

can be aodified. The atep conaidering the Load Frequency Deaign 

Factor can be bypaaaed aince thia factor ia aaaigned the value o£ 

unity. 
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1. Obtain the ATHWLD and percent tandea axlea in 

the D-10P traffic analyaia. If the percentage of 

tandea axlea in the ATHWLD ia equal to or greater 

than SO percent. then 

Deaign Wheel Load • 1.3 X ATHWLD. 

If the percentage of tandea axlea in the ATHWLD ia 

leaa than 50 percent. then 

Deaign Wheel Load • ATHWLD. 

2. Deteraine a Subgrade Triaxial Claaa for the aub-

grade aaterial under conaideration. 

3. Obtain the paveaent atructure deaign aa deterained 

by the Flexible Paveaent Deaign Syatea <FPS> and 

deteraine the total thickneaa of paveaent atructure 

aaterial propoaed by FPS. Deaignate thia thickneaa 

aa T Exaaine the propoaed FPS deaign for 
FPS 

atabilized layer a which would be eligible for co-

heaioaeter credit. If aore than one layer ia ate-

bilized. aelect only the layer that will allow the 

largeat aaount of coheaioaeter credit and note 

thia value. If there are no atabilized layera in 

the FPS deaign. akip Step 5. 

4. With the Subgrade Triaxial Claaa and the Deaign Wheel 

Load enter Figure 16. Flexible Baae Deaign Chart froa 

the Teat procedure and deteraine the required thickneaa 

of better aaterial or required aubgrade cover. 

Deaignate thia aa T • 
R 

B-132 



5. Uaing the previoualy required thickneaa of better 

aateriel, T , deterained in Step 4 and the aodified 
R 

coheaioaeter value for the coheaive layer aelected in 

Step 3 proceed to Figure 17 Thickneaa Reduction Chert 

For Stabilized Layera, froa the Teet procedure end 

deteraine the allowable reduction in paveaent atructure 

thickneaa due to the coheaive layer. Deaignete thia 

value aa AR. Subtract AR £roa T end deaignete 
R 

thia value aa T • 
K 

6. For the deaigna without atebilized layera, coapere the 

total thickneaa of paveaent atructure aateriel 

deterained by thia triaxial procedure <T :T >. 
FPS R 

If the FPS thickneaa ia leaa than that deterained by 

the triaxial procedure, it ia recoaaended that the 

thickneaa be adJuated to coaply with the value obtained 

by triaxial procedurea. 

For thoae FPS deaigna with atebilized layera for 

which coheaioaeter credit waa given, coapare the total 

thickneaa T with the aodi£ied triaxial thick-
FPS 

neaa CT :T >. I£ the aodi£ied triaxial 
FPS K 

thickneea ia greater than the total thickneae of the 

FPS deaign, it ia recoaaended that the thickneaa be 

adJuated to coaply with the value obtained by triaxial 

procedure•. 
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B•~Qee•nQA~iQo•= It ia reco••ended that all deaigna 

generated by the Flexible Pave•ent Oeaign Syate• be checked 

againat thia aodi£ied triaxial procedure to aaaure that adequate 

cover ia provided over the aubgrade to protect againat 

coapreaaive £ailurea o£ the aubgrade reaulting £roa the Oeaign 

Wheel Load • 

.. It ia expreaaly recoaaended that thia aodi:fied procedure 

D2~ be uaed aa the aole deaign procedure. 

I:£ triaxial procedures are to be uaed exclusively, it is 

apeci:£ically reco•aended that the procedure designoted oa Teat 

Method Tex 117-E, outlined in the ~ADYA! 2i I••t!ng e£2~~~Y£~§, 

be uaed. 
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Surfacing E1 

Wheel 
Load Tandem Axle Group 

' ' ' ' 

Zone of Combined Stresses 
Subgrade E3 

Typical Three Layer Pavement 
Structure 

Figure 1 

Table 1 

Material Type 

Tandem Axle Loads 

Figure 2 

Modified Cohesiometer 
Value (Crn) 

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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ATHWLD = 10,000 lbs. 

~ Tandems in ATHWLD • 60~ 

Design Wheel Load = 1.3 X 10,000 • 13,000 lbs. 

Subgrade Triaxial Class • 5.0 

Determined by Consultation With Laboratory 
Engi neet" 

3" Asph. Cone. Pav. <ACP> 

6" Cer11ent Treated Base (CTB> 

8" Fle>eible Base 

• 17" 
FPS 

C = 1000 <From Table 1 - CTB> 
M 

Design Wheel Load • 13,000 lbs. 

Subgrade Triaxial Class • 5.0 

T = 20.5" <From Figura 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" - 7.2" 
M 

T = 13.3" 
M 

Compare T 1 T 
FPS M 

T = 17 11 <Step 3) 
FPS 

T E 13.3" CStep 5> 
M 

T Greater than T 
FPS m 

FPS Design is Okay. 
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